Recognizing and Correcting Developing Malocclusions



Recognizing and Correcting Developing Malocclusions

A Problem-Oriented Approach to Orthodontics

Second Edition

Edited by

Eustaquio A. Araujo, DDS, MDS

Professor Emeritus - Saint Louis University

Clinical Professor - University of Pittsburgh

Professor - Faculdade de Ciéncias Médicas de Minas Gerais

Peter H. Buschang, MA, PhD

Regents Professor and Director of Orthodontic Research
Department of Orthodontics

Texas A&M University Baylor College of Dentistry
Dallas, TX, USA

WILEY



Copyright © 2025 John Wiley & Sons, Inc. All rights reserved, including rights for text and data mining and
training of artificial technologies or similar technologies.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by

any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as permitted under
Section 107 or 108 of the 1976 United States Copyright Act, without either the prior written permission of the
Publisher, or authorization through payment of the appropriate per-copy fee to the Copyright Clearance Center, Inc.,
222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 750-4470, or on the web at www.copyright.com.
Requests to the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons, Inc.,
111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/
permission.

Trademarks: Wiley and the Wiley logo are trademarks or registered trademarks of John Wiley & Sons, Inc. and/
or its affiliates in the United States and other countries and may not be used without written permission. All other
trademarks are the property of their respective owners. John Wiley & Sons, Inc. is not associated with any product
or vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in preparing
this book, they make no representations or warranties with respect to the accuracy or completeness of the contents

of this book and specifically disclaim any implied warranties of merchantability or fitness for a particular purpose.

No warranty may be created or extended by sales representatives or written sales materials. The advice and strategies
contained herein may not be suitable for your situation. You should consult with a professional where appropriate.
Further, readers should be aware that websites listed in this work may have changed or disappeared between when
this work was written and when it is read. Neither the publisher nor authors shall be liable for any loss of profit or any
other commercial damages, including but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, please contact our Customer
Care Department within the United States at (800) 762-2974, outside the United States at (317) 572-3993 or
fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be
available in electronic formats. For more information about Wiley products, visit our web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data Applied for:
Paperback ISBN: 9781119912545

Cover Design: Wiley
Cover Images: © Eustdquio A. Aradjo

Set in 9.5/12.5pt STIXTwoText by Straive, Pondicherry, India



Dedications

To my family, particularly my wife Teresa, my daughter Kika, my son Chico, his wife Veronica, and
my grandchildren Julia and Davi for the support and constant inspiration. To my parents, especially
my father who, through his example, led me into dentistry. To each of my mentors, alumni from
PUCMinas, Ciéncias Médicas de Minas Gerais and Saint Louis University, present residents,
colleagues, and to each one of my patients who helped me to become a better clinician and professor.
In addition, a special thanks to Drs. Orlando Tanaka, Jose Mauricio Vieira, Roberto Vieira, Jinia
Lucia Vieira, and Gabriel Miranda for their help and friendship.

Eustiaquio A. Araujo
Also to my family, particularly my wife Joyce, whose support and wisdom has sustained me. And
to the orthodontic faculty, alumni, and residents that I have been privileged to work with — they

have helped me to see the way. Together, they have made it all worthwhile.

Peter H. Buschang



1.1
1.2
1.2.1
1.2.2
1.2.3
1.24

21
2.1.1
21.2
2.1.3
2.2
221
222
2.3
231
2.4
2.4.1
2.4.2
2.5
2.5.1
2.6
2.6.1
2.7
2.7.1
2.8

Contents

List of Contributors xiii
Foreword xv
Preface xvii

A guide for timing orthodontic treatment 1

Eustdquio A. Araujo, DDS, MDS and Bernardo Q. Souki, DDS, MSD, PhD
Occlusal deviations with indications for interceptive orthodontic treatment

Ideal timing for early treatment 5
Psychological aspects 5

Severity of the malocclusion 5
Effectiveness and efficiency concepts 6
Maturational stage of development 7
References 7

Development of the occlusion: what to do and whentodo it 9

Bernardo Q. Souki, DDS, MSD, PhD

Stage 1—eruption of deciduous teeth 9

Biogenesis of the deciduous dentition 9

Dimensional changes of the dental arches at stage 1 11
Management of occlusal development at stage 1 11
Stage 2—completion of the deciduous dentition 11
Dimensional changes in the dental arches at stage 2 13
Management of occlusion development at stage 2 14
Stage 3—eruption of first permanent molars 16
Management of occlusion development at this stage 17
Stage 4—eruption of permanent incisors 18
Dimensional changes in the dental arches at this stage 18
Management of occlusal development at this stage 19

Stage 5—eruption of mandibular canines and first premolars 20

Management of occlusal development at this stage 21
Stage 6—eruption of second premolars 21

Management of occlusal development at this stage 23
Stage 7—eruption of maxillary canines and second molars
Management of occlusal development at this stage 23
Conclusions 24

References 24

23

3

vii



viii | Contents

3 Mixed dentition diagnosis: assessing the degree of severity of a developing
malocclusion 27
Eustdquio A. Aradjo, DDS, MDS
3.1 Assessing treatment need, complexity, and outcome 27
3.1.1  Summers’ Occlusal Index 28
3.1.2  Dental Aesthetic Index (DAI) 28
3.1.3  Peer Assessment Rating (PAR) 28
3.1.4  Index of Orthodontic Treatment Need (IOTN) 28
3.1.5 Index of Complexity, Outcome, and Need (ICON) 29
3.1.6  The American Board of Orthodontics complexity index and outcome assessment 29
3.2 Assessing interceptive treatment outcome 31
3.2.1 ClassI 31
3.2.2 ClassII 31
323 ClassIII 32
References 33

4 The genetics of the dental occlusion and malocclusion 35
Robyn Silberstein, DDS, PhD and Mary MacDougall, PhD
4.1 Introduction 35

411 Personalized medicine 35
4.1.2 Clinical examination 35
4.1.3  Principles of dysmorphology: variable expressivity and etiologic heterogeneity 36

4.2 Chromosomal abnormalities 37

4.3 Single gene defects 38

44 Multifactorial inheritance 38

4.5 Genetics of nonsyndromic malocclusion 40

4.6 Altered tooth number 42
4.7 Altered tooth structure 43
4.8 Altered eruption 43
4.9 Radiographic deviations associated with genetic conditions 45
4.10 Conclusion 47
References 47

5 Class I: Recognizing and correcting intraarch deviations 51

51 Section I: The development and etiology of a Class | malocclusion 51
Peter H. Buschang, MA, PhD

5.1 Introduction 51

5.2 Prevalence of Class I malocclusion and changes in arch form 52

5.3 Class I malocclusion and the dental compensatory mechanism 58

5.4 What is anterior mandibular malalignment is related to? 60

54.1  Predisposing factors 60

5.4.2  Eruption problems associated with space loss 61

54.3 Contact displacements associated with relapse and tooth movements 62
References 63



5.2

5.5

5.6
5.6.1
5.6.2
5.6.2.1
5.6.3
5.6.3.1
5.6.3.2
5.6.3.3
5.6.3.4
5.6.3.5
5.6.3.6
5.6.3.7
5.6.3.8
5.6.3.9
5.6.3.10
5.6.3.11
5.6.4
5.6.5
5.6.5.1
5.6.5.2
5.6.5.3

6.1
6.1.1
6.2
6.3
6.3.1
6.4
6.5
6.6

6.2

6.7
6.8

Section Il: Intercepting developing Class | problems 67
Eustdquio A. Aradjo, DDS, MDS

Tooth size arch length discrepancy (TSALD) 67

The assessment of crowding in the mixed dentition 68
Zero to minor TSALD 68

Small to moderate TSALD 69

Taking advantage of the transitional dentition 69
Gaining spaces in the dental arches 71

The importance of the leeway space/E space 71
Etiology of maxillary transverse deficiency 72
Maxillary expansion and headgear 73

Gaining space in the mandibular arch 83

Arch dimensions changes 84

Arch length and mandibular molar/MP 84

Arch length and mandibular incisors/MP 84
Transverse changes 84

Incisor irregularity changes 84

The Schwarz appliance 86

Two-by-four fixed therapy 86

Severe TSALD: fundamentals of serial extraction 92
Indications and contraindications for serial extraction (SE) 93
Additional important fundamentals in serial extraction 94
Sequence and timing of extractions 95

Alternative extraction sequences 95

References 102

Recognizing and correcting Class Il malocclusions 107

Section I: The development, phenotypic characteristics, and etiology
of Class Il malocclusion 107

Peter H. Buschang, MA, PhD

Introduction 107

Prevalence 109

Characterization of the Class II, division 2 phenotype 110
Characterization of the Class II division 1 phenotype 111
Hyperdivergent vs. hypodivergent Class II division 1 malocclusion 114
Developmental changes of Class IIs 115

Class II developmental changes 118

Etiology 119

References 123

Section Il: Class Il treatment: problems and solutions 131
Eustdquio A. Araujo, DDS, MDS

Early Class II adjustment 132

Treatment 136

References 158

Contents

ix



x | Contents

7 Recognizing and correcting Class 1l malocclusions 161

7.1 Section I: The development, phenotypic characteristics, and etiology
of Class Ill malocclusion 161
Peter H. Buschang, MA, PhD

7.1 Introduction 161

7.2 Characterization of the Class III phenotype 163

7.3 Class III development 168

7.4 Etiology 170
References 175

7.2 Section Il: Class Ill treatment: problems and solutions 179
Eustdquio A. Aradjo, DDS, MDS

7.5 Diagnosis 183

7.5.1  Facial diagnosis 183

7.5.2  Cephalometric diagnosis 183

7.5.3  Dental diagnosis 183

7.54  Functional diagnosis 184

7.5.5  Hereditary diagnosis 185

7.6 Communication 187

7.7 Early intervention 188

7.8 Orthopedic maxillary expansion 188

7.9 Face mask and/or chincup orthopedics 191

7.9.1 The face mask 191

7.9.2  Thechincup 193

7.10 Leeway space control 194

7.11 Orthodontic mechanics 194

7.12 Finishing 194

7.13 Retention 194

7.14 Growth reevaluation 195
References 221

8 Special topics 225

8.1 Section I: Habit control: the role of function in open-bite treatment 225
Illdeu Andrade, Jr, DDS, MS, PhD and Eustdquio A. Aratjo, DDS, MDS

8.1 Nutritive vs. nonnutritive sucking habits 225

8.2 Tongue physiology 226

8.3 Tongue thrusting and forward resting posture of the tongue 227

8.4 Breaking the habit 227
8.4.1 How and when should a clinician intervene? 227
8.4.2  The Araujo approach 227
8.5 Treatment 229
References 235



8.2

8.6
8.7

8.7.1
8.7.2
8.7.3
8.7.4
8.7.5
8.7.6

8.3

8.8
8.9
8.9.1
8.9.2
8.10
8.11
8.12
8.13

8.4

8.14
8.15
8.16
8.17
8.18
8.19
8.20
8.21
8.22
8.23
8.24
8.25
8.26
8.27

Section Il: Eruption deviations 239

Bernardo Q. Souki, DDS, MSD, PhD and Eustdquio A. Aradjo, DDS, MDS
Eruption deviations 239

Eruption deviation and PIOM: what are the most frequent eruption disturbances
in each stage of dental development? 241

Stage 2 - Completion of deciduous dentition 241

Stage 3 - Eruption of the first permanent molars 241

Stage 4 - Eruption of the permanent incisors 241

Stage 5 - Eruption of the mandibular canines and the first premolars 242
Stage 6 — Eruption of the second premolars 247

Stage 7 - Eruption of maxillary canines and second molars 247
References 253

Section IlI: Strategies for managing missing second premolar teeth in the
young patient 255

David B. Kennedy, BDS, LDS (RCSEng), MSD, FRCD(C)

General concepts 255

Longevity of the second deciduous molar, resorption, and infraocclusion 256
Resorption 256

Infraocclusion 257

The alveolar ridge in extracted deciduous molars 257

Overall dental health and cost 258

Case histories 258

Summary 270

References 270

Section IV: Principles and techniques of premolar autotransplantation 273
Ewa M. Czochrowska, DDS, PhD and Pawet Plakwicz, DDS, PhD

Class IT malocclusion with congenitally missing lower second premolars 274
Traumatic loss of upper incisor/s 274

Uneven tooth distribution with multiple agenesis 274

Surgery 277

Selection of anesthesia (local vs. general) 277

Premolar to premolar transplantation 277

Premolar to anterior maxilla transplantation 279

Postoperative instructions 279

Follow-up 279

Pulp healing 280

Periodontal healing 281

Root growth 281

Reshaping to incisor morphology 281

Alveolar bone after autotransplantation 281

References 282

Contents

Xi



xii | Contents

8.5 Section V: Dental trauma: revisiting posttrauma protocols and long-term follow-ups 285
Eustaquio A. Aradjo, DDS, MDS and Gabriel Miranda, DDS, MS
8.28 An overview of dental trauma 285
8.29 Orthodontic treatment and dental trauma 286
8.30 Managing traumatized teeth and preserving bone width - The decoronation approach 288
8.31 Final considerations 295
References 297

8.6 Section VI: Sleep-disordered breathing (SDB) in the growing child 299
Juan Martin Palomo, DDS, MDS and Luciane M. de Menezes, PhD
8.32 The need for sleep 299
8.33 Diagnosis and management of sleep-disordered breathing (SDB) and obstructive
sleep apnea (OSA) in children 300
8.34 Risk factors for OSA in children 302
8.34.1 Enlarged tonsils and adenoids 302
8.34.2  Obesity 304
8.34.3  Allergies and respiratory infections 304
8.34.4  Structural abnormalities and craniofacial anomalies 305
8.35 Consequences of SDB in children 305
8.36 Treatment options for the dental and skeletal consequences of SDB in children 309
8.37 New technologies: the use of apps and devices for SDB and OSA in children 310
8.38 Conclusion 310
References 311

8.7 Section VII: Mixed dentition orthodontic mechanics 313
Gerald S. Samson, DDS

8.39 Definitions and terminology 314

8.39.1  Center of mass and center of resistance 315

8.39.2  Orders of tooth movements and orthodontic terminology 316

8.39.3  Force systems 316

8.39.4  Single-point force and moment of force 316

8.39.5  Additive and subtractive couples 316

8.39.6  Equilibrium and tooth movement — Newton’s third law 317

8.39.7  Force systems and tooth movements 318

8.39.8  Mixed dentition example of one tube (bracket) and one couple system 319

8.39.9  Mixed dentition: maxillary anterior root convergence 320

8.39.10 Orthodontic treatment of teeth with open apices 320

8.39.11 Two brackets — two equal and oppositely directed couples 320

8.39.12 Two brackets - two unequal oppositely directed couples 321

8.39.13 Two brackets - two “same direction, additive” couples including increased anterior
incisor root torque 322

8.39.14 Clinical application - mixed dentition openbite, two “same direction, additive”
couples including increased anterior incisor root torque 324
References 326

Index 327



List of Contributors

Ildeu Andrade Jr., DDS, MS, PhD

Department of Orthodontics, School of Dental
Medicine

University of Pittsburgh

Pittsburgh, PA

USA

Eustdquio A. Aratijo, DDS, MDS
Department of Orthodontics, Center for
Advanced Dental Education

Saint Louis University

St. Louis, MO

USA

Peter H. Buschang, MA, PhD

Department of Orthodontics

Texas A&M University School of Dentistry
Dallas, TX

USA

Ewa M. Czochrowska, DDS, PhD
Department of Orthodontics
Medical University of Warsaw
Warsaw

Poland

David B. Kennedy, BDS, LDS (RCSEng),
MSD, FRCD(C)

Faculty of Dentistry

University of British Columbia
Vancouver, BC

Canada

xiii

Mary MacDougall, PhD

Faculty of Dentistry
University of British Columbia
Canada

Luciane M. de Menezes, PhD
Department of Orthodontics
Case Western Reserve University
Cleveland, OH

USA

Pontifical Catholic University of
Rio Grande do Sul

Porto Alegre/RS

Brazil

Gabriel Miranda, DDS, MS
Department of Orthodontics
Saint Louis University

St. Louis, MO

USA

Juan Martin Palomo, DDS, MDS
Department of Orthodontics
Case Western Reserve University
Cleveland, OH

USA

Pawet Plakwicz, DDS, PhD
Department of Periodontology
Medical University of Warsaw
Poland



Xiv

List of Contributors

Gerald S. Samson, DDS

Department of Orthodontics, Center of
Advanced Dental Education

Saint Louis University

St. Louis, MO

USA

Robyn Silberstein, DDS, PhD

Department of Orthodontics, College of
Dentistry (retired)

University of Illinois at Chicago
Chicago, IL

USA

Bernardo Q. Souki, DDS, MSD, PhD

Department of Dentistry

Pontifical Catholic University of Minas Gerais
Belo Horizonte

Brazil



Foreword

Orthodontic educators are often confronted by
loaded questions where the questioners really
just want to know if their biases are shared by
the educator. One of the most common ques-
tions is: “Do you teach early treatment to your
students?” From experience, I know that the
answer either lines up with the questioner’s
bias and a conversation of great agreement will
follow, or the answer does not line up with
their bias and a conversation of great disagree-
ment will follow, so I prefer to provide neither
expected answer, but instead aim to stimulate
thought. So my answer might well be “Yes, we
teach early treatment and late treatment and
also very early and very late treatment. We also
perform 1-phase treatment, 2-phase treatment,
3-phase, 4-, 5-, 6-, 7-, 8-, and even 9-phase
treatment ... or more, if need be.”

Of course, this answer is very perplexing and
I am asked to explain what I mean - which I
am happy to do. To provide support to my
answer, I provide several examples. For one of
these, I talk about a study that was performed
long ago by a former graduate student named
Greg Dyer [1]. He took a sample of treated ado-
lescent females and a similar sample of treated
adult females and compared the outcomes of
the treatments performed. Importantly, in the
adolescent group he found that growth pro-
vided 70% of the correction (i.e. the mandible
outgrew the maxilla) while only 30% of the
correction was due to tooth movement. In
the adult sample, the growth was nil, or in
some cases the maxilla outgrew the mandible

and the amount of tooth movement that was
necessary to correct the malocclusion was
119% - that is, the practitioner had to do all the
work, and more, to make up for the poor
growth, in order to correct the problem. For
me, this is ample evidence that it is better to
treat early (as an adolescent) as opposed to late
(as an adult) in this particular situation. This
example points to the meaning of my response
to the question posed initially. It is not whether
I am biased so that I believe only in early treat-
ment or only in late treatment as a single
choice that must be made, but rather it is that
the question can only be answered in the con-
text of the situation that is presented. In this
example, my answer would be to treat early (in
this case, adolescence) when you are con-
fronted by a Class II female adolescent; don’t
wait till they become adults.

In the case of treatment performed in multi-
ple phases, again it is the context of the
patient’s situation that dictates what to do.
There is plenty of research and clinical experi-
ence available that suggests that a cleft palate
patient is best treated early and often over
many years, according to the many types of
treatments that are arranged across many
phases. There are also questions as to how
many phases of treatment should be involved
in an orthognathic surgery case.

So, the point that I am trying to make is that
it matterslittle whether a practitioner “believes”
in early treatment or not, and it makes little
difference whether the practitioner “believes”

XV
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Foreword

in single-phase treatments or some other num-
ber of phases. What really matters is that the
practitioner evaluates the condition that the
patient presents and then applies the best avail-
able evidence to the situation in deciding if,
when, and how the treatment should be ren-
dered. To believe otherwise suggests that the
doctor can decide the approach before even
seeing the patient. But adopting a prefabricated
approach is seldom the best choice because
patients are all custom-made.

What follows in the pages to come is blended
(some old, but mostly new) information con-
cerning genetics, normal, and abnormal
growth of the craniofacial skeleton, and the
development of the occlusion. Such informa-
tion will form the basis for understanding and
determining the timing of treatment.

You will also find important information on
the construction of a diagnosis, treatment
plan, and estimation of prognosis, all based on
available diagnostic records produced by both
old and new technologies. All three types of
Angle classes will be considered in terms of
development, etiology, and treatment; that is
the meat of this book.

Finally, information will be provided with
regard to certain overriding topics such as
biomechanics, and what might be considered

Reference

1 Dyer, GS. Age effects of orthodontic
treatment: adolescents contrasted with adults.
MS Thesis, The University of Tennessee, 1989.

“orphan topics” including problems attendant
to abnormal eruption, function, aesthetics,
congenitally missing teeth, autotransplanta-
tion, and habits.

So, how is this book different from previous
books on the topic of early and preventive
orthodontic treatment? Considering the com-
ments made earlier in this preface, this book is
based on available evidence, not bias, passion,
or faith; it is meant to make you think and then
apply what is proven. This book is also differ-
ent in that the authors are very knowledgeable
each in their own areas, and each is cognizant
of the value of current science and the knowl-
edge that science generates.

Those readers who are open to the develop-
ment of new information and new ideas should
enjoy and embrace the knowledge and direc-
tion contained within. For those who are very
biased in their thoughts and actions do not be
afraid to read this book; it will open your mind
and help you adjust your thoughts and actions
in a positive way.

Have a good read; I think you will find it
worth the effort in terms of thought and then
reasoned actions that will prove beneficial to
your patients.

Rolf G. Behrents



Preface

Recognizing and Correcting Development
Malocclusions: A Problem-Oriented Approach
to Orthodontics, in its second edition, contin-
ues to provide evidence-based approach to
early age orthodontics, an often controversial
topic. Based on decades of experience in clini-
cal practice and education, Drs. Araujo and
Buschang with the support of an outstanding
team of contributors, present treatment proto-
cols for early age orthodontics treatment with
various malocclusions and other problems.

Class I, Class II, and Class III malocclusions
are extensively covered, along with eruption
deviations and developing hyperdivergence
growth and open bites. This second edition
brings new topics such as Trauma and Sleep
Apnea in children. The literature is compre-
hensively reviewed to ensure that the reader
thoroughly understands the development,
phenoptic characteristics, and etiology of each
type of malocclusion.

Taking a problem-oriented approach, the
editors and contributors provide detailed

information for each case, develop compre-
hensive problem lists, and then provide
evidence-based treatment solutions.

The clinical focus of the text is ideally suited
for the private practice clinician, with numer-
ous references and academic underpinnings
to ensure its suitability for orthodontic and
pediatric dentistry residents.

Eustiaquio A. Araujo

Center for Advanced Dental Education
Saint Louis University, St. Louis, MO, USA
19 September 2024

Peter H. Buschang

Regents Professor and Director
of Orthodontic Research
Department of Orthodontics
Texas A&M University Baylor
College of Dentistry

Dallas, TX, USA

19 September 2024
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A guide for timing orthodontic treatment
Eustdquio A. Aratjo, DDS, MDS® and Bernardo Q. Souki, DDS, MSD, PhD?

! Department of Orthodontics, Center for Advanced Dental Education, Saint Louis University, St. Louis, MO, USA
2Department of Dentistry, Pontifical Catholic University of Minas Gerais, Belo Horizonte, Brazil

When the decision was made to work on this
book, the heavy responsibility of embracing
the topic without bias or radicalism increased.
Clinicians and academicians were initially
consulted and asked to provide questions that
would help establish priorities for early inter-
ventions. The responses came rapidly and
contained all the sorts of questions one
would imagine. Recognizing and Correcting
Developing Malocclusions will try to address
the collected questions and themes.

The term “early treatment” has been used
for a long time, and it seems now to be fixed.
Although “early” could suggest “too soon,” for
the sake of practicality it will be used in this
book. The text will eventually also refer to
timely or interceptive treatment.

Initiating orthodontic treatment during the
growth spurt was often used to be considered
the “gold standard” for treatment timing.
The pendulum that regulates the initiation of
orthodontic treatment has been swinging in
different directions for many years. At present,
this balance seems to have been shifting, as the
pendulum appears to be swinging toward an
earlier start, preferably at the late mixed denti-
tion. The possibility of successfully managing
the E-space has dramatically influenced the
decision-making on the timing of orthodontic
treatment [1].

At the beginning of the 20th century, some
consideration was given to early treatment.
A quote from Lischer [2] in 1912 says,

Recent experiences of many practition-
ers have led us to a keener appreciation
of the “golden age of treatment” by
which we mean that time in an individ-
ual’s life when a change from the tem-
porary to the permanent dentition takes
place. This covers the period from the
sixth to the fourteenth year.

Soon after, in 1921, a publication [3] titled
“The diagnosis of malocclusion with reference
to early treatment,” discusses the concepts of
function and form and gives notable consider-
ation to the role of heredity in diagnosis—so
the topic with its controversies is an old one.

“The emancipation of dentofacial orthope-
dics,” an editorial by Hamilton [4] supports
early treatment. In summary, he states that:

a) healthcare professionals must do everything
possible to help their patients, including
early treatment;

b) itisirresponsible and unethical to prescribe
treatment for financial betterment and for
the sake of efficiency;

c) if the orthodontist is not willing to treat
patients at a young age, others in the dental

Recognizing and Correcting Developing Malocclusions: A Problem-Oriented Approach to Orthodontics,
Second Edition. Edited by Eustaquio A. Aradjo and Peter H. Buschang.
© 2025 John Wiley & Sons, Inc. Published 2025 by John Wiley & Sons, Inc.
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1 A guide for timing orthodontic treatment

profession will, and it is in the patients’
best interest that we, as specialists, treat
these patients. After all, our flagship
journal includes “Dentofacial Orthopedics”
in its title;

d) it is the highest calling of healthcare pro-
fessionals to incorporate prevention as a
primary means of treatment, and therefore
early treatment is important;

e) pediatric dentists and other health profes-
sionals are incorporating early treatment in
their practice because orthodontists are
waiting too long to initiate treatment;

f) orthodontic programs have the responsi-
bility to educate orthodontists about early
treatment.

On the other hand, Johnston [5] indicates in
“Answers in search of questioners” that:

a) little evidence exists that two-phase early
treatment has a significantly greater overall
treatment effect compared with treating
in one phase and considering E-space
preservation;

b) treatment aimed at the mandible typically
has an effect on the maxilla;

c) early treatment is not efficient for the
patient or doctor and results in an increased
burden of treatment;

d) functional appliances do not eliminate the
need for premolar extraction, as bone can-
not grow interstitially and arch perimeter is
not gained with their use;

e) patients occasionally endure psychological
trauma due to dental deformity, but these
isolated instances are not enough to
“support what amounts to an orthodontic
growth industry.”

In an effort to establish grounds to initiate
treatment earlier or later, we must try to
answer two key questions:

1) Should developing problems be intercepted
and treated in two phases?

2) Which malocclusions should receive con-
sideration for treatment at an early age?

Undoubtedly, there is much agreement on
what to treat, but there is still great disagree-
ment on when to intervene.

What are achievable objectives for early
treatment? Some of the most relevant ones
are using growth potential appropriately,
taking advantage of the transitional dentition,
improving skeletal imbalances, eliminating
functional deviations, managing arch devel-
opment, improving self-esteem, minimizing
trauma, and preventing periodontal problems.

Early orthodontic treatment offers several
potential advantages, including better patient
compliance, emotional satisfaction, and the
ability to harness growth potential. It may also
simplify the second phase of treatment and
reduce the need for extractions. Additionally,
early treatment can benefit practice manage-
ment. However, there are also disadvantages,
such as inefficiency, prolonged treatment
time, patient immaturity, challenges with
maintaining oral hygiene, difficulty in caring
for appliances, and higher costs. It is crucial for
orthodontists to carefully weigh these benefits
and risks, providing evidence-based and well-
reasoned recommendations on whether or not
to initiate treatment. This chapter offers guid-
ance on the optimal timing for orthodontic
interventions.

The ideal timing for treating malocclusions
in growing patients has been a controversial
and widely discussed topic throughout the his-
tory of orthodontics [1, 6-10]. One of the most
important debates in our field is whether to
interrupt the development of problems with
early treatment or to postpone therapy until
later [1, 9]. Such controversies are likely due to
the lack of a scientific basis for therapeutic
clinical decisions [8]. Historically, dentistry
has been an empirical science. Even today,
most dentists choose to employ solutions and
techniques that were first learned in dental
school or those that they believe will work
[1, 9]. In such cases, there is a high probability
of treatment failure or a low-quality treatment
outcome.



1.1 Occlusal deviations with indications for interceptive orthodontic treatment

During the search for excellence in ortho-
dontics, the concepts of effectiveness and effi-
ciency have been emphasized [1]. Orthodontic
clinical decisions should be scientifically based.
Accordingly, treatment must be postponed
until strong arguments in favor of beginning
the therapy are present [9].

A follow-up protocol in which patients are
re-examined periodically during growth and the
development of occlusion allows the clinician
to decide whether the cost/benefit of early
treatment is justifiable. At this time, the pro-
gram “preventive and interceptive orthodontic
monitoring,” or simply PIOM, as devised by
Souki [11] is introduced.

Conceptually, PIOM is a program of sequen-
tial attention that aims to monitor the devel-
opment of “normal” occlusion and seeks to
diagnose any factors that may compromise the
quality or quantity of orthodontic treatment
and the establishment of an appropriate occlu-
sion. Seven objectives govern PIOM:

1) Provide prospective monitoring with a
minimal intervention philosophy;

2) Provide comprehensive orthodontic care
with functional and esthetically harmoni-
ous adult occlusion as the ultimate goal;

3) Establish parameters so that orthodontists
are not in a hurry to start treatment but
are able to have a deadline to complete
treatment;

4) Establish scientific parameters as guidelines
for beginning therapy at each stage of
maturation;

5) Respect the normal range of occlusal
development;

6) Reduce dependence on patient compliance;

7) Delay phase II, if possible, until the time
when second permanent molars can be
included in the final occlusion.

During the years that separate the eruption
of the first deciduous tooth and the full inter-
cuspation of the second permanent molars,
many morphogenetic influences and envi-
ronmental factors act on the maturation of

the dental arches and the occlusal pattern.
Therefore, human occlusion should be viewed
dynamically.

Clinicians must understand that during
occlusal development, there is not just one line
of ideal characteristics but a wide range of
normal characteristics. In the mixed dentition,
a larger variety of normal characteristics
compared to the deciduous and permanent
dentitions is encountered. Knowledge of nor-
mal features of occlusal maturation is impor-
tant for the practice of orthodontics within
PIOM. Throughout the history of medicine/
dentistry, identifying signs or symptoms of a
deviation from normal has been viewed as a
situation requiring interceptive action. In lay
terms, it has been thought that allowing a
disease to evolve naturally (without therapy)
may possibly make the disease more difficult
to treat or even make it incurable [7]. This
belief, when applied to orthodontics, may
produce unnecessary interventions for occlusal
characteristics that are totally within the range
of normal (Figure 1.1), treatment of transitional
deviations for which interceptive treatment
(phase I) is not needed (Figure 1.2), and inter-
ceptive treatment before the appropriate time
(Figure 1.3).

As mentioned earlier, the orthodontist should
focus on two key questions: the first deals with
the ideal timing for interceptive orthodontics,
incorporating the decision between one- and
two-phase treatments and the second hinges
on identifying malocclusions that would benefit
from an early intervention.

1.1 Occlusal deviations
with indications for interceptive
orthodontic treatment

Interceptive problems are those that, if not
stopped during the course of their maturation,
may become sufficiently severe to increase the
complexity and difficulty of definitive treat-
ment, compromise the final quality, or expose

3



Figure 1.1 (a) A 8-year-old boy during “ugly duckling” phase presenting labial-distal displacement of
maxillary lateral incisors and a diastema between the central incisors. (b) Same patient 3 years later
without any orthodontic treatment. The incisors’ alignment and leveling were naturally achieved.

Figure 1.2 (a,b) A 9-year-old girl presenting deep bite and positive space discrepancy. Such transitional
deviations (deep bite and positive space discrepancy) have no indication of interceptive orthodontics unless
palatal soft tissue impingement is observed or aesthetics is a major concern. (c,d) Same girl 5 years later
presenting significant natural improvements in the deep bite and space discrepancy with no phase |
treatment.

Figure 1.3 (a-c) A 9-year-old mixed dentition boy with a Class 1l/1 malocclusion but no psychosomatic
concerns. The evaluation of a low/moderate risk of traumatic injuries in the maxillary front teeth indicated
postponing to a single-phase orthodontic treatment. (d-f) Patient at 12 years old, during early permanent
dentition. No interceptive orthodontic treatment was performed. After 5 months of headgear appliance, the
patient is now going into the 12-18 months multibrackets comprehensive orthodontic treatment. Efficiency
was achieved by postponing the Class Il correction to a single-phase approach.



the individual to psychosocial conditions
while waiting for a final corrective solution.
Disagreements certainly exist among scholars
regarding the clinical situations with indica-
tions for early orthodontic treatment. The
list of issues presented by the American
Association of Pediatric Dentistry [12] may
serve as the starting point for this guideline.
Based on their list, the following situations are
suggested as candidates for early treatment:
1) prevention and interception of oral habits;
2) space management; 3) interception of
deviations in eruption; 4) anterior crossbite;
5) posterior crossbite; 6) excessive overjet;
7) Class IT malocclusion, when associated with
psychological problems, increased risk of trau-
matic injury and hyperdivergence; 8) Class III
malocclusion.

1.2 Ideal timing for
early treatment

Several aspects must be considered by the
clinician when deciding on the ideal timing
for early treatment. Four basic considerations
are: 1) psychosocial aspects; 2) the severity and
etiology of the malocclusion; 3) the concepts
of effectiveness and efficiency; 4) the patient’s
stage of the development.

1.2.1 Psychological aspects

Psychological aspects are often neglected by
orthodontists and unfortunately have not been
routinely considered during the early treatment
decision-making process [13, 14].

At a time when bullying has been extensively
discussed [15] and has been widely studied by
psychopedagogues, clinicians must be con-
stantly aware of the fact that, as providers, they
can in many instances improve the self-esteem
and quality of life (QoL) of their patients [16].

For many, the relationship between a patient’s
well-being and his/her malocclusion, along
with possible associated sequelae has been
thought to be of only minor importance [17].

1.2 Ideal timing for early treatment

Consideration must be given to each patient’s
QoL and the associated impact that postpone-
ment or avoidance of treatment may carry.
Although somewhat vague and abstract, the
concept of QoL is current and should be
emphasized in orthodontics [18].

The literature provides evidence of an
association between QoL and malocclusions.
The methodologies of QoL studies, however,
have not been homogeneous, and the samples
are often constructed based on convenience,
making it difficult to offer a reliable analysis.
The lack of randomized samples hinders the
interpretation of the evidence [18, 19].

Young people are motivated to seek ortho-
dontic treatment because of their esthetic dis-
satisfaction [13], referrals from dentists [20],
parental concerns [13], and the influence
of peers [21]. Orthodontic treatment does
improve QoL [19], but over time, the gain in
QoL may be lost. When a malocclusion causes
discomfort to a patient with the potential for
generating a psychological imbalance [20],
there is certainly an indication for early treat-
ment [13], despite the fact that efficiency may
be adversely affected [1].

1.2.2 Severity of the malocclusion

Malocclusions differ among patients present-
ing a wide range of severity. Therefore, it seems
reasonable to think that, in infancy and adoles-
cence, a mild malocclusion has a lower inter-
ceptive priority than a more severe one. For
example, a posterior crossbite with mandibu-
lar shift (Figure 1.4a) should have treatment
priority as compared to malocclusions with
minor shift or not associated with functional
deviations (Figure 1.4b). In the first scenario,
the deviation can lead to asymmetric facial
growth, making future therapy more com-
plex [22]. There is less urgency for treatment of
a single lateral incisor crossbite than a two-
central-incisor crossbite (Figure 1.5), although
there is a lack of evidence in the current litera-
ture about postponing interceptive approach
of crossbites. It must be understood that the

5



6 | 1 A guide for timing orthodontic treatment

Figure 1.4

(a) Posterior crossbite with mandibular shift. (b) Posterior crossbite with no mandibular shift.

Figure 1.5
(b) A 7-year-old girl, Class | dental-skeletal pattern, presenting two central incisors crossbite. Because
periodontal and dentofacial growth impairments are more likely to happen in “b; it is reasonable to infer
that interceptive approach should be addressed urgently.

severity of the malocclusion is not the only
criterion for deciding on interceptive treat-
ment. For example, if a Class III malocclusion
is very severe in childhood, with skeletal com-
ponents indicating that surgical correction
may be required in the future, it is reasonable
to consider delaying treatment until the end of
growth to reduce extensive interceptive treat-
ment [23, 24]. In other words, in some situa-
tions, it is advisable to postpone the correction
of the malocclusion until a single-phase
orthodontic-surgical treatment can be under-
taken. On the other hand, many other Class III
malocclusions in children may benefit greatly
from an interceptive approach [24, 25].

1.2.3 Effectiveness and
efficiency concepts

The decision on the best time for orthodontic
treatment must also consider the aspects of
effectiveness and efficiency [10]. Effectiveness
is a concept that expresses the ability to

(a) A 8-year-old boy, Class | dental-skeletal pattern, presenting a single lateral incisor crossbite.

effectively solve a problem. Will it work at all?
How much improvement will be produced?
This concept is important in the search for
excellence in orthodontics. Orthodontic inter-
ceptive actions should be considered if there is
evidence that the problem to be treated will,
in fact, be solved by early treatment. If the
problem is not intercepted, will it lead to a less
acceptable final result or cause greater difficulty
in obtaining a good result?

Efficiency is a formula that correlates result
with time. How much time will be needed
to achieve the goals? Will the financial, bio-
logical, and interpersonal burden be worth the
outcome? In the contemporary world, the con-
cept of efficiency has been an important crite-
rion in deciding implementations of actions
and services. If the cost-benefit of a phase I is
unfavorable, should one consider the benefits
of early orthodontic treatment?

In summary, the treatment of malocclusions
in children should be considered an acceptable
option if there is evidence that the outcome



will add quality (effectiveness) and will be
obtained with less effort (efficiency). Be sure to
get the best result in the shortest amount of
time possible.

1.2.4 Maturational stage of development

The orthodontist should consider several
maturational aspects [26-28]. The presence of
a minimal emotional maturity is essential for
beginning any orthodontic procedure, even in
patients with low-complexity malocclusions
[29]. These considerations are essential to
improve patient comfort [30] and to reduce the
risk of accidents in young children. Thus,
the cooperation of the child in the clinical
examination becomes the first parameter used
by orthodontists in judging the potential for
early treatment. Depending on the child’s
behavior and compliance, the clinician will
decide if orthodontic records should be taken.
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is reduced during the transition between the
late mixed and permanent dentition, due to the
mesial migration of the permanent first molars
and the consequent occupation of the E-space.
The clinician should evaluate the opportunity
to maintain this precious space (Figure 2.14).
The E-space can be used not only to improve
intra-arch tooth alignment but also to facilitate
the comprehensive orthodontic treatment of
mild Class IT and Class III dental relationships
(Figures 2.15 and 2.16).

Figure 2.14 E-space maintenance with a lower
lingual holding arch.

Figure 2.15 E-space preservation in the maxillary arch of Class Il malocclusion patients may favor the
improvement of the dental sagittal relationship.

2410002
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Figure 2.16 E-space preservation in the mandibular arch of Class 11l malocclusion patients is
recommended to allow incisors retraction and the creation of adequate overjet.



4.5 Genetics of nonsyndromic malocclusion |41

Figure 4.8 Orthodontic patient with a diagnosis of craniosynostosis and significantly disproportionate
facial growth.

with population based association studies US American Indian and European popula-
and family based linkage studies. The highest tions. There are several genetic loci, patterns
prevalence rates of Class III malocclusions of inheritance, and environmental factors
are recorded in Asian, Inuit, and African that are thought to play a role in nonsyndro-
populations and the lowest among Indian, mic Class III malocclusion [32-36].



Figure 4.14 This 7-year-old patient presented with molar and incisor enamel defects. His mother reported
early loss of his primary teeth beginning at age 2 in the absence of trauma. Premature primary tooth
exfoliation suggests a genetic or systemic disease, which might warrant referral to the pediatrician for
consideration of hypophosphatasia, collagen, and immune disorders.

Final diagnosis:

Bone, right mandible, biopsy:
* Fibrous dysplasia.
* Please see comment.

Comment: This case is also reviewed by
Pathology at Mayo Clinic, Rochester Minnesota

Clinical impression: Expansile bony lesion, fibrous dysplasia
Specimen site(s): Right mandible

Figure 4.15 Diagnosis of fibrous dysplasia was made after referral for evaluation of a radiographic lesion
at the apex of the mandibular right second molar. Often the orthodontist is the first practitioner to
recognize facial asymmetry and/or radiographic evidence suggestive of fibrous dysplasia.



was brought to our clinic for evaluation. After mandible. The patient was put on observa-
all records were evaluated, it was decided to tion, and 2 years later, the Class | occlusion
place a Nance button in the maxillary arch was normal, perhaps requiring minimum if
and a lower lingual holding arch in the any intervention (Figures 5.23-5.25).

Figure 5.23 Patient One Initial Records.

Figure 5.24 Nance Button and Lower Lingual Holding Arch.




Norms | Pre | Post

SNA 82 82.9 | 84.0
SNB 80 804 | 815
ANB 2 25 2.5
WITS -1.0 2.1 | -49
FMA 25 299 | 283
SN-GoGn 32 35.1 | 29.5

U1-SN 105 106.0 (100.7
IMPA 95 84.8 | 8B3.6

Figure 5.25 Patient One Initial and Final Records.

Patient 2

This 9-year-old girl was brought to our clinic left sides of the maxillary arch (Figure 5.26).
for evaluation as the family was concerned A simple Hawley appliance with an expansion
about the difference between the right and screw and a finger spring was placed to correct

Figure 5.26 Patient Two Initial Records.
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Figure 5.35




Figure 5.66
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5.2 Section II: Intercepting developing Class | problems

Figure 5.69
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Figure 6.35

Figure 6.37
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Figure 6.44

Figure 6.45
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6.2 Section Il: Class Il treatment: problems and solutions

Figure 6.46

Figure 6.47

Norms| Pre | Post
SNA 82 | 80.0|814
SNB 80 | 77.0 | 773
ANB 2 28 | 4.0
WITS -1.0|-0.5| 0.1
FMA 25 | 282|241
SN-GoGn 32 | 297|272
U1-SN 105 [118.1{107.2
IMPA 95 | 903|983




7.14 Growth reevaluation

Patient 2

This 12y 1m girl and her parents presented
to our clinic referred by “the previous ortho-
dontist for a possible nonsurgical procedure”
She had a straight profile and a complete
crossbite with the presence of a few decidu-
ous teeth. A skeletal Class Il was diagnosed,
as demonstrated in the cephalometry. Initial
records are shown in Figure 7.41.

After a thorough communication with the
family, where we stressed the uncertainty of
the prognosis and the possibility of a future
surgical intervention, a treatment plan was
presented. In the first stage, a palatal expan-
sion and a protraction Hickham chincup
were indicated. In 4 months, the maxilla was

Norms | Pre | Post
82 79.0 | 80.0
80 82.3 | 81.0
2 -30 | 1.0

-1.0 -7.0 | -5.0
25 26.0 | 23.0
32 32.0 | 28.0
105 104.0 | 109.0
95 89.0 | 84.0

Figure 7.41
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expanded and positive overjet was obtained
(Figure 7.42).

After the extractions of the remaining
deciduous teeth, a new evaluation was done,
and treatment proceeded with the extraction
of the mandibular first molars. The rationale

Figure 7.42

Figure 7.43

behind this extraction pattern was the uncer-
tainty about her growth. Since the patient
ruled out any surgical option, the decision
to preserve the mandibular premolars was
taken. The presence of good third molars was
essential. Figure 7.43 shows the images after




20 months of treatment, with all the spaces
closed. Figure 7.44 illustrates the case at the

end of treatment and Figure 7.45 illustrates
the case at the 10years posttreatment.

7.14 Growth reevaluation

Norms | Pre | Post

SNA 82 79.0 | 80.0
SNB 80 823 | 81.0
ANB 2 -3.0 | -1.0
WITS -1.0 -7.0 | -5.0
FMA 25 26.0 | 23.0
SN-GoGn 32 32.0 | 28.0
U1-SN 105 | 104.0 (109.0
IMPA 95 89.0 | 84.0

Figure 7.44
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8.12 Case histories | 263

Figures 8.41-8.43 Class | mixed dentition crowded malocclusion with absent maxillary right second
premolar. 8.41) Pretreatment. 8.42) After serial extraction of the maxillary right second primary molar and
other first premolars. 8.43) Final.

Figure 8.42



Figure 8.54 A 11y 5m girl was seeking orthodontic treatment (a—d). She had congenitally missing lower
second premolars, detected on the panoramic radiograph (d, arrows). Infraocclusion of the primary molars on
the left side was noted during her clinical examination. The patient’s mother also had congenitally missing
lower second premolars and she was concerned about the progressing infraocclusion of her daughter’s teeth.
Autotransplantation of unerupted upper second premolars (d, circles) was performed to replace missing
teeth in the mandible (e, f, arrows). Eruption of the transplanted premolars and spontaneous correction of the
dental relationships was seen after 12 months (g) and 18 months (h, i), when the orthodontic treatment was
initiated. A stable occlusion and normal tooth contacts were present 1year after debonding (j—n). No
infraocclusion and hard tissue pathology was detected on the post-treatment radiographs (o, p). The patient’s
profile remained generally unchanged after the treatment (q: before the treatment, r: after the treatment).



Figure 8.69

Figure 8.70

(a-c) Records at decoronation.

(a, b) Records at decoronation.

Figure 8.71 One-month postdecoronation.



8.39 Definitions and terminology

Figure 8.95 Mixed dentition root convergence. The maxillary centrals have “0” angulation. The maxillary
laterals have been “switched” right to left and left to right, resulting in root convergence toward the midline.

Figure 8.96 Time 1 mixed dentition anterior
alignment.

of the arch wire until it is equal and opposite
when the wire is placed over the two bracket
slots before insertion (Figures 8.101-8.103).

8.39.12 Two brackets - two
unequal oppositely directed
couples

Figure 8.104 [1-3]

For clinical purposes, the effect of unequal
and oppositely directed couples (subtractive)
at two successive brackets may be thought of

Figure 8.97 Time 1 mixed dentition anterior
alignment using 0.012 nitinol wire anterior
segment. Note additive moments of couples and
reactive vertical forces.

as the algebraic sum of the two single-bracket
systems present. The relative magnitude of the
moments at two successive teeth is approxi-
mated clinically by examining the wire pas-
sively placed over the two bracket slots. The
bracket with the larger angle of entry, and there-
fore the larger Mc, will have a greater tendency
to rotate than the bracket with the smaller
M. When the directions of M at two succes-
sive brackets are unequal and in opposite



