Orthodontically
Driven Osteogenesis

tdited by Federico Brugnami
Alfonso Caiazzo * Simonetta Meuli

WILEY Blackwell







Orthodontically Driven
Osteogenesis






Orthodontically Driven Osteogenesis

Second Edition

Edited by

Federico Brugnami
Private Practice Limited to Periodontics, Oral Implants and Adult Orthodontics
Rome, Italy

Alfonso Caiazzo

Department of Oral and Maxillofacial Surgery, Practice Limited to Oral Surgery and
Implants, Centro Odontoiatrico Salernitano, Italian Society of Oral Surgery and Implants
(S1COI), MGSDM Boston University

Salerno, Italy

Simonetta Meuli

Visiting Professor, School of Specialization of Orthodontics,
Catholic University of the Sacred Heart, Rome, Italy

Visiting Professor, Unicamillus International School, University,
Rome, Italy

WILEY Blackwell



Copyright © 2024 by 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 website at www.wiley.com.

Library of Congress Cataloging-in-Publication Data

Names: Brugnami, Federico, 1967- editor. | Caiazzo, Alfonso, 1968- editor.
| Meuli, Simonetta, editor.

Title: Orthodontically driven osteogenesis / [edited by] Federico Brugnami,
Alfonso Caiazzo, Simonetta Meuli.

Other titles: Orthodontically driven corticotomy

Description: Second edition. | Hoboken, New Jersey: Wiley-Blackwell [2024]
| Preceded by Orthodontically driven corticotomy / edited by Dr.

Federico Brugnami, Dr. Alfonso Caiazzo. 2015. | Includes bibliographical
references and index.

Identifiers: LCCN 2024007084 (print) | LCCN 2024007085 (ebook) | ISBN
9781119700562 (hardback) | ISBN 9781119700555 (adobe pdf) | ISBN
9781119700579 (epub)

Subjects: MESH: Orthodontics-methods | Tissue Engineering-methods | Tooth
Movement Techniques | Osteogenesis, Distraction-methods

Classification: LCC RK521 (print) | LCC RK521 (ebook) | NLM WU 400 | DDC
617.6/43-dc23/eng/20240405

LC record available at https://lccn.loc.gov/2024007084

LC ebook record available at https://lccn.loc.gov/2024007085

Cover Design: Wiley
Cover Image: © Federico Brugnami

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


http://www.copyright.com
http://www.wiley.com/go/permission
http://www.wiley.com
https://lccn.loc.gov/2024007084
https://lccn.loc.gov/2024007085

Federico Brugnami
To Giulia, my daughter and center of gravity

Alfonso Caiazzo
To my parents, my inspiration

Simonetta Meuli
To my sons, Giovanni and Paolo






Contents

List of Contributors Xxiii
Introduction xiv

Orthodontic Tissue Engineering: A 20-Year Retrospective and Philosophical Polemic®
Neal C. Murphy
Dedication 1
Introductory Rationale 1
Topical Issues 4
The Alveolus Bone Is Not a Process 7
Epigenetics and the Waddington Landscape 8
From Osteotomy to Corticotomy to Tissue Engineering 10
Farrar Revisited: Bending Bone and CPO 11
Histophysiology of Orthodontically Driven Osteogenesis 14
Cell-Level Orthodontics 15
Timid Surgery and Its Consequences 15
Conceptual Foundation Through Historical Evolution 16
German Roots 16
The Introduction Into English 17
Suya and the Asian Connection 18
1980s: Anholm and the Loma Linda Investigation 18
A 20th Century Summary 20
21st Century Pioneers 21
The Entry of Academics 21
“Wilckodontics,” PAOO™/AOO™, and Tissue Engineering 21
The Small Window Myth 24
The “Need” for Extraction Myth 24
On Beauty 25
From PAOO to SCAT; Dead Cells to Living Tissue 29
Beyond the Ligament with Mechano-biology 31
The Mechanosome 33
Enter the Exosome 35
TMP and MOP Nonsurgical Alternatives 35

1

vii



viii

Contents

The Problems with Orthodontics 38
Papillary Slough as a Troubling Complication 38
Managing Periodontal Infection 39

PAOO and SCAT Step-by-Step 40

Ortho-Infection 44
Oral Hygiene - A Pragmatic Imperative 46

Compliance Dialogue 47
Enhanced Bass Technique 47
Effective Oral Health Techniques 49
A Heretical Dehiscence Theory 49
How Fast is “Fast”? — A 4-Day Treatment 51
Conclusions 52
Afterword for Academic Leaders 54
Acknowledgments 55
References 55
Recommended Reading 59

From Acceleration to Osteogenesis 60
Federico Brugnami
Accelerated Tooth Movement 60
Corticotomy 61
Accelerated Tooth Movement in Laboratory Animals 61
Accelerated Tooth Movement in the Canine Laboratory Model 62
Canine Study Description and Design 62
Canine Tooth Movement Data 68
Tooth Movement Paradigms: PDL Cell-Mediated versus Spongiosa Osteopenia 71
From Corticotomy to Grafting with Decortication (From Acceleration to Osteogenesis) 72
Histologic and Long-Term CBCT Evaluation 74
Conclusions 81
Acknowledgments 82
References 82

From Corticotomy to Orthodontically Driven Osteogenesis: Surgical Considerations 87
Alfonso Caiazzo and Federico Brugnami
Introduction 87
Historical Background 88
Biophysiologic Considerations 89
Indications for SAD or Corticotomy Alone 89
Contraindications 90
Advantages 90
Surgical Technique 90
Preoperative Considerations 90
Incision Design 91
Flap Reflection and Exposure 91
Corticotomy/Surgical Decortication 92
Bone Grafting 92
Suturing 94



Postsurgical Considerations 94

Single Flap Regenerative Corticotomy (SFRC) 95
Case 1 (SFRC) 96

Tunnel Regenerative Corticotomy (TURC) 96
Case2 100

Conclusions 103

Acknowledgments 108

References 110

Orthodontically Driven Osteogenesis (ODO) Indications and Applications in
Orthodontics 111
Simonetta Meuli, Federico Brugnami, and Gianfranco Giordano
Introduction 111
The Basic Concepts 113
Orthodontic Implications of Bone Injury: The RAP 114
From Corticotomy to Grafting with Decortication 115
Practical Applications and Indications 117
Maximizing the Window of Opportunity 120
Contraindications 120
Applications 121
Segmental Alveolar Decortication 121
Decortication Procedures with Clear Aligners 121
Interprofessional Communication 121
Conclusion 122
Cases Presentation 122
Introductory Note 122
Casel 123
Case2 124
3D Digital Planning and Clear Aligner Treatment 124
Case3 124
Case4 136
Conclusion 151
Acknowledgments 151
References 163

Three-dimensional Digital Planning of Orthodontic Treatment: A Powerful Tool
in Understanding, Communicating, and Planning Orthodontically Driven Osteogenesis
Simonetta Meuli

Introduction 167

Virtual Orthodontic Treatment 167

Potential of Virtual Three-dimensional 169

Traditional Versus Printing Technology 169

Imaging 171

Digital Models 171

Virtual Three-dimensional Orthodontic Planning Models 172

Integration of CBCT Into the Digital Orthodontic Treatment Flow 174
“ClinCheck” and CBCT Integration as a Planning Tool for ODO 176
References 176

Contents

167

ix



X

Contents

6 From Orthodontically Driven Corticotomy to Orthodontically Driven Osteogenesis: Tissue
Engineering to Enhance Orthodontic Treatment, Guided by the Orthodontist 178
Federico Brugnami and Alfonso Caiazzo
Introduction 178
Surgical Techniques: The Beginning of Tissue Engineering in Orthodontics 178
Surgical Strategies: Single Flap Corticotomy (SFC) and Tunnel Regenerative
Corticotomy (TURC) 179
The Concept of Orthodontically Driven Corticotomy (ODC): From ODC to ODO 185

Surgical Strategies in ODO: Segmental, Sequential, Segmental, and Sequential
Approaches 185
Segmental Approach 185
Sequential Approach 190
What is ODC? 190
Case Presentation 191

Casel 191
Case2 194
Case4 197

Conclusions 203
References 206

7 Orthodontic Treatment and Periodontal Side Effects: Orthodontically Driven Osteogenesis to

Stretch the Limits of a Safe Orthodontic Treatment 208
Federico Brugnami and Alfonso Caiazzo
Introduction 208
Radiographic Evaluation of Orthodontic Side Effects 210
Research Experience 214
Material and Methods 216
Results 218
Conclusions 218
Dehiscences and Fenestrations 220
Indications of Use for ODO 225
Case Presentation 225
Conclusions and Recommendations 230
Acknowledgments 234
References 234

8 Orthodontically Driven Osteogenesis: Tissue Engineering to Enhance Adult
and Multidisciplinary Treatment 237
Federico Brugnami and Alfonso Caiazzo
ODO in Multidisciplinary Treatment 237
Orthodontics for Prosthetic 238
Periodontics and Orthodontics Synergy: The Two Dental Specialties that Need a Healthy
Periodontium 238
Case Presentation 238
Case 1 Mutilated Dentition #1: Orthodontics and Prosthodontics Connection,
Enhancing the Periodontal Outcome 238
Technical Procedure 240



10

Contents

Case 2 The Summer Break Case: An Alternative to Veneers to Correct Esthetics in the
Anterior Area 243
Case Management 243
Clinical Outcomes 244
Case 3 Mutilated dentition #2: Adjunctive Corticotomy-enhanced Segmental Orthodontics
to Intrude Over-erupted Molars and Allow Teeth Replacement in the Opposite Arch 244
One-shot Surgical Procedure Combining Corticotomy with Anchorage Plate
Positioning, Wisdom Extraction, and Periodontal Surgeries 244
Case 4 Mutilated Dentition #2. Adjunctive Corticotomy-facilitated Segmental
Orthodontics to Enhance Periodontics and Prosthodontics 246
Case 5 Mutilated Dentition #3: Segmental Corticotomy to Treat Unilateral Crossbite
with Crowding, Rotations, and Missing Dentition 249
Case 6 Corticotomy in Periodontal Patients: Enhancing Orthodontic Treatment to
Facilitate Periodontal Maintenance 249
Case 7 Malocclusion and Mutilated Detention in a Periodontally Compromised Patient:
The Perfect Storm 261
Conclusions 268
References 276

Clear Aligners and Orthodontically Driven Osteogenesis: Boosting Treatment in the
Gray Areas Between the Straightforward and the Orthognathic Cases 277
Simonetta Meuli and Federico Brugnami
Introduction 277
Birth and Development of the Invisalign Technique 277
Treatment Phases and Characteristics Peculiar to the Invisalign System® 278
Advantages of the Invisalign System 279
Regenerative Corticotomy and Bone Engineering in Orthodontics with a
Digital Approach 280
Orthodontics and Its “Limitations” 280
Orthodontically Driven Osteogenesis in Orthodontic Treatment Planning 281
Presentation of Clinical Cases 282

Casel 282

Case2 283
Conclusions 287
Modifying the Lower Third of the Face 289
References 293

Orthognathic Surgery and Orthodontically Driven Osteogenesis 295
Simonetta Meuli, Federico Brugnami, Sergio Marrocco, Giulia Amodeo, and Domenico Scopelliti
Introduction 295
Diagnosis and Treatment Planning 296
Casel 297
Therapy Protocol 299
Discussion 302
Case2 303
Conclusions 307
References 309

Xi



xii

Contents

11 Understanding the Etiological Relationship Between Orthodontic Tooth Crowding

and Mucogingival Pathologies, “Big Teeth in Small Jaws” 312
Colin Richman
Introduction 312
Fundamental Etiological Factors Associated with Orthodontic Tooth Crowding 312
Anthropological Factors 312
Genetic Factors 312
Dietary Factors 314
Comparative Anatomical Observations Relative to Other Mammalian Species Nurtured
and Living in Their Natural Habitats 314
Vasculature of the Gingival Tissues 314
The Clinical Significance of Dehiscences and Fenestrations 316
Tooth Eruption Patterns 318
Consequences and Management Strategies, Including Phenotype Modification 319
References 323

Index 325



List of Contributors

Giulia Amodeo

UOC Maxillofacial Department

San Filippo Neri Hospital, Rome, Italy
SmileHouse Foundation, Rome, Italy

Federico Brugnami

Private Practice Limited to Periodontics
Oral Implants and Adult Orthodontics
Rome, Italy

Alfonso Caiazzo

Private Practice Limited to Oral Surgery and
Implant Dentistry, Salerno, Italy

Department of Oral and Maxillofacial Surgery
Practice Limited to Oral Surgery and Implants
Centro Odontoiatrico Salernitano Italian
Society of Oral Surgery and Implants (SICOI)
MGSDM Boston University, Salerno, Italy

Gianfranco Giordano
AMCO, Velletri, Rome, Italy

Sergio Marrocco

UOC Maxillofacial Department, San Filippo
Neri Hospital, Rome, Italy

SmileHouse Foundation, Rome, Italy

Simonetta Meuli

Visiting Professor, School of Specialization
of Orthodontics, Catholic University of the
Sacred Heart, Rome, Italy

Visiting Professor, Unicamillus International
School, University, Rome, Italy

Neal C. Murphy

Departments of Orthodontics & Periodontics
School of Dental Medicine, Cleveland Clinic
Campus, Case Western Reserve University
Cleveland, OH, USA

Colin Richman

Department of Periodontics, Practice limited
to Periodontics (Focussed on SFT, LANAP/
LAPIP/Oral-Systemic-Condition), Diplomate,
American Board of Periodontology, Augusta
University, Augusta, Georgia, USA

Domenico Scopelliti

UOC Maxillofacial Department, San Filippo
Neri Hospital, Rome, Italy

SmileHouse Foundation, Rome, Italy

xiii



Xiv

Introduction

Improving orthodontic treatments by mini-
mizing side effects and broadening their range
has been a top priority for clinicians and
researchers. Corticotomy, an established tech-
nique, has recently gained increased attention.
However, confusion and misinterpretation
surrounding the term, its application, and its
benefits have led to global horizontal (pioneers
worldwide) and low vertical diffusion (mem-
bers of the same society). This underscores
the need for a dedicated book on corticotomy
or Periodontally Accelerated Osteogenic
Orthodontics®. The introduction to the first
edition, written 10 years ago, remains relevant
today. Despite yearly evidence demonstrating
the procedure’s effectiveness and safety, ortho-
dontic attention remains unchanged, shifting
focus to 3D Digital Planning and Clear
Aligners. The preferred terms used to describe
the procedures have also evolved, with
corticotomy-facilitated orthodontics (CFO),
accelerated osteogenic orthodontics (AOO),
and selective alveolar decortication gaining
preference. Orthodontically driven osteogene-
sis (ODO), or the ability to grow new bone, is
now favored over regenerative. The osteogenic
potential, combined with bone grafting, can
expand basal bone. This leads to two positive
effects: less extraction of healthy premolars in
growing patients and a more robust periodon-
tium that prevents recessions during ortho-
dontic movement. This concept initiates tissue
engineering in orthodontics, where orthodon-
tists and dental surgeons should define

themselves as dentoalveolar orthopedists and
embrace this new treatment philosophy. This
approach maintains the promise of a faster
orthodontic treatment and expands the limits
of a safer one. It also offers a sound alternative
to more invasive procedures, such as orthog-
nathic procedures and can even modify the
lower third of the face. This is impressive for a
localized periodontal surgery when correctly
combined with orthodontic treatment.

Orthodontically Driven
Osteogenesis and 3D Digital
Planning: New vs Innovation

As per the principles of innovation and change,
“technology transfer” encompasses all activi-
ties that result in any user adoption of a new
product or procedure. The term “new” here
denotes any improvement over existing tech-
nologies or processes rather than a recent
invention. Technology transfer necessitates
active interaction between technology spon-
sors and users, which leads to actual innova-
tion. It is crucial to differentiate between
innovators or early adopters and late adopters.
Innovators are individuals or groups willing to
take risks by adopting new methods, products,
or practices not widely used. They provide
practical evidence that an innovation works,
which is vital for later adopters.

Conversely, diffusion refers to the spread of an
idea, method, practice, or product throughout a



social system. There are various kinds of tech-
nology transfer, including horizontal transfer
(the movement of information on technology
between innovators within an organization or
between similar organizations) and vertical
transfer (the movement of information on tech-
nology from innovators to late adopters of an
organization or system of organizations).

ODO has been increasingly successful world-
wide, resulting in extensive horizontal diffusion.
However, paradoxically, the highest percentage
of orthodontists in any developed country will
either ignore or be skeptical of ODO and fail to
present it to their patients as a viable and valua-
ble alternative due to a lack of vertical diffusion.
There are different reasons to explain this differ-
ence in diffusion, but it is important to note that
natural resistance to change is just one factor.

1) The innovation is not disseminated. Given
that the “innovation” is truly innovative,
one of the most important driving factors is
the economical one. For example, most of
the innovations in dentistry in the last 30
years, from implants to membranes to clear

Introduction

aligners or straight wire, have been “encour-
aged” by suppliers and manufacturers. It is
the same as in the pharmaceutical business:
any revolutionary drug to cure a rare syn-
drome would suffer a difference in diffusion
compared to Viagra® or Biposphonates or
Statins.

2) The innovation is disseminated to the
wrong people. The information is not
referred to the proper person or somehow
gets lost on the way.

3) The innovation is not understood by the
potential user.

Most of the time, this is created by a superfi-
cial knowledge of the technique or misinter-
pretation, lack of homogenous terminology,
and underestimation of potential benefits.

3D digital planning may be the correct driver
for the diffusion of ODO: It becomes more dif-
ficult to ignore when the roots extend beyond
the original bony envelope.

Federico Brugnami, Alfonso Caiazzo,
and Simonetta Meuli

XV
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Orthodontic Tissue Engineering: A 20-Year Retrospective and

Philosophical Polemic®
Neal C. Murphy

Clinical Professor, Departments of Orthodontics & Periodontics, School of Dental Medicine, Cleveland Clinic Campus, Case Western

Reserve University, Cleveland, OH, USA

Dedication

This chapter is dedicated to Professor Spiro
Chaconas, Founder and Chairman Emeritus,
Section of Orthodontics, UCLA School of
Dentistry. Professor Chaconas, presently
enjoying a well-deserved retirement in Sothern
California, was an exceptional leader, friend,
and mentor for over three generations of
orthodontists at UCLA. He taught his protégés
to enter private practice with confidence
and engage the inevitable vicissitudes of our
careers — many rather brutal — with profes-
sional élan, stoic indifference, transcendent
vision, and personal humility. We did.
Thank you, Spiro.

Introductory Rationale

Since 2001, this author — dual-certified in both
orthodontic and periodontic - has collabo-
rated with a number of orthodontists and peri-
odontists in an effort to engineer a novel
alveolus bone that could accommodate the
full complement of human dentition. This was
attempted to liberate a naturally “full” smile
from the strictures of skeletal malalignment

and so-called arch length deficiencies. By the
year 2023, we were able to develop protocols
that achieved that goal and accelerate the rate
of tooth movement three to fourfold. In addi-
tion, instances of pernicious side effects like
apical root resorption and periodontal attach-
ment loss were predictably minimized or non-
existent compared to traditional edgewise
therapies. In that regard, our protocols, both
surgical and nonsurgical in a phrase, proved to
be “faster, safer, and better.” These revelations
were brought into high relief by a 20-year ret-
rospect as attested to by studies cited herein.
Orthodontists’ attempts to enhance the
esthetic value of the patients’ lower face are
indeed laudable goals. However, the wide-
spread popularity of extraction therapy pre-
sents a sobering challenge because it
notoriously has been haunted by the unfortu-
nate and unpredictable side effects of prema-
ture lower face aging and unsightly flattened
(so-called “dished-in”) profiles in maturity.
Moreover, since these unsightly facial profiles
often become most apparent years after active
therapy has ended, they are subtle assaults
on facial beauty. While evident to the general
population, the iatrogenic deformity presents
a pattern that is vaguely unsightly but

Orthodontically Driven Osteogenesis, Second Edition. Edited by Federico Brugnami, Alfonso Caiazzo,

and Simonetta Meuli.

© 2024 John Wiley & Sons, Inc. Published 2024 by John Wiley & Sons, Inc.
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nondescript to laymen. This chapter explains
that cell- and tissue-level biology is often
ignored in orthodontic curricula and sacrificed
by inordinate preoccupations with gross anat-
omy. But periodontology revels in cell-level
dynamics and affords us, as specialty science
integrators, to reveal a universe of new ortho-
dontic science, we call “orthodontic tissue
engineering (OTE).”

If dentists claim a desire for “best care,” we
must ask how one defines that superlative
term. By definition, a superlative is an abso-
lute, and whatever treatment most closely
approximates that ideal is reasonably argued
as “best.” Is “best care” which is predictable,
fastest, with fewest pernicious side effects,
least painful, most stable, and most compatible
with contemporary cultural values?

This chapter is an attempt to organize a com-
pelling rationale for this new protocol in terms
of the underlying cellular dynamics that allow
it to achieve case outcome stability superior to
the very unstable outcomes that are predicta-
bly disappointing in traditional care. Ironically,
the new concept of “accelerated orthodontic
therapy” was met with political opposition and
excessively cynical skepticism by established
practitioners. Yet truth prevails and the lud-
dites and clinical nay-sayers of the 20th cen-
tury were proven wrong by 2l1st-century
science. This chapter boldly addressees this
controversy as a tribute to intrepid clinicians
who preceded us and as a scientific reminder
that hard data and scientific epistemological
inquiry, however, disruptive to prevailing
thought and wishes, will out.

This definition seems sensible to us.
Therefore, the aim of this chapter is to describe
the ramifications of an emerging perspective
and clinical protocol in those terms. Although
unheard of by some, the subject is neither new
nor novel because it has been evolving over
time within the ebb and flow of scientific evo-
lution. It nonetheless brings disruptive issues
and protocols that are certainly more predicta-
ble, faster, with fewest pernicious side effects,
less painful in adjustments, more stable, and

more compatible with contemporary cultural
values than traditional extraction alternatives.
The problem with science is that it has no mas-
ter. So, it flies in the face of convention and tra-
ditional bias.

Late 20th-century science has delivered a
collection of empirical observations and corti-
cotomy protocols that are embodied under the
collective rubric, surgically facilitated ortho-
dontic therapy (SFOT) which in this book will
be called orthodontically driven osteogenesis
(ODO). This term referring to a particular his-
tological reaction, subsumes a number of pro-
tocols that are mere variants of the same basic
biological phenomena. These terms include
but are not limited to “selective alveolar (-us)
decortication” (SAD), decortication without a
bone graft, “stem cell orthodontic therapy”
(SCOT), “stem cell alveolar therapy” (SCAT),
“corticision” when a scalpel is used, “acceler-
ated osteogenic orthodontics” (AOO) where a
bone graft is combined with SAD,
“periodontal(ly) accelerated osteogenic ortho-
dontics” (PAOO) synonymous with AOO, and
here, “orthodontic tissue engineering” (OTE)
referring to a 21st century protocol focusing on
permanent alveolus bone phenotype altera-
tion. We posit that emerging periodontal sci-
ences, the biology of healing bone, and
cell-level biology, which underlie ODO, are as
integral to orthodontics, as civil engineering is
to good architectural design. ODO is an exam-
ple of the clinical science of engineered mor-
phogenetic bone modeling - pioneered by the
Russian orthopedist Professor Gavriil Ilizarov —
synthesized with traditional orthopedic bio-
mechanics (Figure 1.1). This Russian
orthopedic surgeon proved beyond doubt and
under great oppression that bone is malleable
and can be reshaped to a more physiological
form at will. That principle applies to the alve-
olus bone as well (Figure 1.1).

We pose a challenge to traditional biome-
chanics to enhance clinical efficacy, ameliorate
pernicious side effects, and advance the ortho-
dontic specialty beyond the strictures of simple
mechanical art. The issues discussed in this
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Figure 1.1 This treatment demonstrates what can be done to correct a deformed long bone. The same
principle used by Gavriil Ilizarov can be applied to the alveolus bone in correcting dentoalveolar
deformities. The leg deformity in (a) represents a deformed bone. (b) The Ilizarov orthopedic device with his
surgical protocol can lengthen long bones at the rate of 1 mm/day. (c) Demonstrates an improved esthetic
appearance and function. This is what OTE attempts to do with the dental alveolus bone. Source: Dong et al.
(2021)/Reproduced with permission from Tsinghua University Press Ltd.

polemic are based on the dual-certified
author’s 50 years of integrating periodontics
and orthodontic in an urban private, but aca-
demic, practice and 20 years of understanding
ODO. It also reflects the combined work of a
growing global community of biologists and
dentists, formally trained, or passionately
interested in reengineering the mass and shape
of the foundation of the human dentition.
Hence, we write in the first-person plural, not
to imply lock-step concordance, but rather a
general agreement that is compatible with a
wide variety of readers. Some repetition will be
noticed in this discourse, but that serves as an
intentional pedagogical device. The subject
matter is quite novel to some readers because
we employ a technical prose of molecular biol-
ogists, tissue engineers, periodontists, and
orthodontists. Moreover, repetition of a new
concept within several different contexts can
only enrich the conceptualization. Hopefully,
the literary device will edify and not distract.

Our objective here is not to proselytize but
rather to serve examples of what can be achieved
by others who wish to minimize extraction ther-
apy side effects. But we hope this is received in a
provocative manner to stimulate a meaningful
dialectical exchange rather than contentious
debate, misinformation, distortions, and mis-
representations that have marred the develop-
ment of this topic. What is practiced by others is
beyond our scope of control. So, we do not call
for the immediate condemnation of those who
are uncomfortable with protocols presented
herein. We focus on scientific advances in ancil-
lary biological fields too fascinating to ignore.
And, these innovations can serve as both a bea-
con and safe harbor for those who are dissatis-
fied with the limits of the status quo. We are
here to show a better path but only for those
who wish to embark upon it.

We do not seek to condemn legitimate extrac-
tion therapy categorically, but we are intention-
ally provocative about the perfunctory use of



4

Orthodontic Tissue Engineering: A 20-Year Retrospective and Philosophical Polemic®

healthy tooth extraction merely for the sake of
mindless expediency. We also object philosoph-
ically to the excuse of “art” as a refuge from the
inarguable demands of science. The fact is that
ODO is here to stay, and its use will most likely
continue to proliferate worldwide, as any scien-
tific innovation always does. A recent review of
the subject published by Hoogeveen et al.
(2014) concludes that SFOT “... might effec-
tively shorten the duration of treatment, but
careful treatment planning, early activation of
appliances, and short intervals between check-
ups are recommended. SFOT ... is not associ-
ated with complications such as loss of tooth
vitality, periodontal problems, or severe root
resorption prospective research is still
needed ... ” (Emphasis added).

The lack of prospective, multi-replicated,
double-blind, placebo-controlled, multisite, and
human clinical studies to which they allude,
does not invalidate the ODO innovation. Rather,
the lack of such a prospective gold-standard
analysis speaks to the impracticality of such
studies, the lack of funding, and the inchoate
nature that SFOT shares with many effective
clinical disciplines. In this chapter, we elaborate
on the necessary items of interest that accord
with “careful treatment planning.”

Topical Issues

Since the dawn of the orthodontic specialty a
philosophical debate has reigned over the
intellectual life of most orthodontists: Are we
artists or scientists? One reconciliation of this
ostensible dichotomy is that art is a goal, and
science is the method. The corollary presump-
tion is that an artful outcome via science also
represents an optimal physiologic state, e.g.,
mutually protected occlusion.

Many orthodontists believe that only the
most efficient methods of biomechanical load-
ing should define our specialty. To them, peri-
odontal biology is considered an ancillary and
often irritating companion. We disagree. We
propose that the periodontium is a useful but

ignored asset in the creation of optimal func-
tion and esthetically harmonious outcomes.
These are the axioms upon which we base our
posits: Tissue is a collection of cells serving a
common function. An organ is a collection of
tissues servingacommon function. Engineering
is the physical manipulation of a natural phe-
nomenon toward a predesigned schema. OTE
in the title refers to the burgeoning science of
manipulating the dentoalveolar complex and
rerouting its architectural development to a
predetermined and improved pattern. A pleth-
ora of protocols have blossomed over the last
two decades and presently constitute a com-
plex collage of techniques. In this prolifera-
tion, critical problems of clinical management
and intellectual development have arisen that
we have solved. These solutions we share.

As a civil engineer can manipulate the course
of a river to convert fluid dynamics to electro-
magnetic potentials, we proffer nothing less vis
a vis alveolar bone physiology. We propose that
the orthodontist can manipulate the alveolus
bone to facilitate orthodontic tooth movement
(OTM) and in the process make better bone. The
materials of OTE are a collection of surgical and
nonsurgical periodontal protocols that are
applied to areas of bone beneath a dentition
needing orthodontic treatment. The principal
method is a collection of selective alveolar decor-
tication (SAD) protocols referred to in the aggre-
gate as “Surgically Facilitated Orthodontic
Therapy” (SFOT). For the sake of convenience,
in this review, we shall use the acronyms SFOT,
OTE, and ODO roughly synonymously, while
the latter encompasses more nonsurgical
modalities.

Since 1981, this author has attempted to
integrate tissue dynamics into the biomechani-
cal procedures of clinical orthodontics. At that
time, tissue engineering was just beginning to
appear in the biological literature. In retro-
spect, we see that the manipulative techniques
of OTE paralleled similar 21st-century bioen-
gineering protocols in other fields of the
human body from dermatology to conscious-
ness (Nilforoushzadeh et al., 2022).



The popular emergence of SFOT in the early
1990s in the United States brought a promise
of sustaining real-world benefits to patients.
Faster care, less infection, and significant
reduction of that embarrassing ghost of ortho-
dontics, relapse, are OTE’s most salient merits.
In 2006, we were able to organize these new
clinical observations with new science in a
seminal book chapter published by the Harvard
Society for the Advancement of Orthodontics.
The title, Tissue Engineering for Orthodontists —
a modest first step (Murphy, 2006) foretold this
chapter, a modest second step. We look back
over 20 years and address the growing pains of
this new approach to alveolus bone develop-
ment and liberation from the strictures of
working within a deformed bony base. Further
steps in this advancing science we relinquish
to readers and their place in a new century. In
this regard, the past is prologue indeed, but
only for those who wish to travel its rocky
albeit compelling path. The intellectual foun-
dation for SFOT has enjoyed a long history in
the scientific literature reviewed a decade ago
(Murphy et al, 2012). The first significant
attempt was Cunningham in 1894. So, the title
of this chapter should more accurately read
“ ... a 130-year retrospective.” But 20 years is
more manageable and experiential for retro-
spective musings.

The early procedures, mainly luxated osteot-
omies, remained in the German literature for
decades until published in English by Kole
in 1959. These rudimentary surgeries of the
early 20th century were materially refined by
Suya (1991) to make them more predictable.
After Suya, SFOT was carried into the 21st cen-
tury by a global consortium of creative clini-
cians. With subsequent analyses and decades
of clinical success, SFOT now enjoys increasing
popularity. At this point, OTE, both surgical
and nonsurgical, has certainly earned a secure
albeit inchoate place in the pantheon of legiti-
mate contemporary orthodontic protocols.

Early attempts to combine minor surgery
with traditional OTM were inspired by the
universal concern that slow treatment is not

Topical Issues

necessarily the best treatment. Indeed, the per-
nicious side effects of OTM, all correlate with
treatment duration (Artun and
Brobakken, 1986; Kurol et al., 1996).

So, it appears that good treatment is fast
treatment when biological imperatives are
respected, and manipulation of the alveolus
bone is understood. The fact is that SFOT-
induced stability exceeds the common stand-
ards reported by Professor Little’s revelations
(Little et al., 1988) of the University of
Washington database (Ferguson et al,
2014, 2016) (Wilcko, 2023).! OTE was also
sanctioned de facto by the American
Association of Orthodontists (AAO) Council
on Scientific Affairs. It selected Dr. Susan
Baloul (2016) as the winner of the 2010 Milo
Hellman Research Award for research excel-
lence. Dr. Baloul’s experiment demonstrated
that osteoblast/osteoclast “coupling,” a natural
event, defined the mechanism by which loaded
selective alveolus decortication (SAD) elicits
fundamental changes in alveolus morphology.
This was achieved by analyzing animal RNA
markers with micro-CT measurement and
clarifies the cellular mechanisms of acceler-
ated OTM. Despite the professional impedi-
ments of healthy skepticism and unintentional
misrepresentation, the Baloul confirmation of
natural biology plants the flag of legitimacy for
SFOT beyond doubt.

Twenty-first century orthodontists are
already incorporating SFOT into their thera-
peutic repertoire and the American standard
of care demands that it be proffered as a valid
alternative when patients ask that inevitable
question, “How long will treatment last?”
Now, the orthodontist can justifiably say, “You
have two choices of safe and effective treat-
ment duration, fast or slow.” The disadvantage
for some patients will always be the minor
(2-8 mm deep) surgery. But we ask our audi-
ence, “... compared with the traditional extrac-
tion of healthy teeth and dentoalveolar units is

1 Personal communication, 2023.
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not our non-extraction proposal actually less
morbid?” The obvious advantage of SFOT is
speed, but the biological effect goes beyond
speed. Pretty clinical outcomes and the high
relapse rates (Little et al., 1988; Bernabe
et al., 2017) have been, respectively, the boon
and the bane of the orthodontic specialty for
over a century. Alas, Little reports, “post-
retention anterior crowding is both unpredict-
able and variable and no pretreatment
variables ... seem to be useful predictors.”
(Little, 1990) SFOT changes that. It is predict-
able and consistent.

Many doctors in many countries have docu-
mented that SFOT works well for most
patients. But several skeptical authors and a
few iconoclastic cynics are those who have
either failed to achieve clinically significant
results or explicitly turned down offers to
attend our free lectures. This opens the possi-
bility that the reader might universalize the
experimental failures of a few to the experi-
ence of all SFOT. Such a universal misinterpre-
tation is a big mistake. We have found that the
limitations of the skeptical group are usually
due to inadequate intervention, inadequate
training, or a lack of long-term adjunctive ther-
apy. Our rejoinder to insinuations that OTE
does not work is a “black swan argument,” i.e.,
“It only takes one black swan to disprove the
notion that all swans are white.” We have seen
too many “black swans” to deny OTE efficacy.
So, we interpret failed experiments as proof
that critics simply do not know how to do it.
Other critics of OTE are too inexperienced in
the SFOT to manage subtle healing variance.
They acknowledge it works for a short period
of time. But they criticize the half-way treat-
ment because it does not last long and, there-
fore, lacks practical clinical relevance
(Buschang et al., 2012). This conclusion is
an error.

A negative result is caused by misunder-
standing the whole protocol. After the first
intervention, the tissue engineer must sustain
the consequent osteopenic state with an
orchestrated combination of osteopenia

management and bone-stimulating OTM. And,
that is the second half of the protocol which
many critics miss. It appears critical research
groups may have been entrapped by a kind of
“Newtonian bias,” i.e., a preoccupation with
mechanical engineering, not the fascinating
biomathematical concepts like fractal geome-
try and the emergent states of nonlinear com-
plexity that manifest in well-executed OTE
(see: Mandelbrot; Kaplan, Recommended
Readings.) Such is the novitiate status of many
OTE practitioners.

When applied force bends (strains) bone in
an osteopenic state normal recalcification is
delayed. In orthopedic medicine, a persistent
osteopenic state in healing fractures is termed
a hypertrophic nonunion. But in clinical ortho-
dontics, engineering transient osteopenia
facilitates excellent outcomes in a little as
3-12 months. Some critics claim that when
interruptions occur a second surgery to re-
instate the osteopenia would be needed. But a
second SFOT surgery is not necessary when
appropriate biomechanical forces are levied
and maintained. Wire-stressing teeth strain
bone, and this is sufficient to sustain the osteo-
penic state indefinitely. The so-called latent
period in OTM is bone decalcifying sufficiently
to cause tooth mobility. That is basic orthodon-
tic biology. And when the bone is more osteo-
penic, though latent periods may still prevail,
the teeth move faster. It is that simple. The key
to success is to sustain osseous strain at inter-
vals no longer than 1-2 weeks.

Occasionally, misplaced loading in OTM
causes strain maldistribution or the treatment
is interrupted for longer than 4 weeks. When
this occurs the osteopenic state will wither as
the bone becomes recalcified. The osteopenic
state, i.e., the regional acceleratory phenome-
non (RAP) can also be resumed by sequential
perturbation of the alveolus bones every
1-4 weeks via small bur perforations discussed
below. But when SFOT creates a functional
osteopenic state it is sustained indefinitely if
teeth are constantly in motion. This acceler-
ated bony state allows semiweekly adjustments



and on occasion daily adjustments. Thus, con-
stant surveillance and constant bone straining
by OTM should obviate any fear of closure of
the so-called “limited windows of opportu-
nity.” There are only incomplete treatments;
there are no windows.

A major milestone arrived when Wilcko
et al. published the results of adding a bone
graft to SAD. This is referred to as PAOO,?
and it stimulated an international flurry of
creative progress, with even a comparison of
transmucosal bur perforations. Furthermore,
when combined with injections of platelet-rich
plasma (Gulec et al., 2017), orthodontics has
achieved an entirely new professional identity.
Two decades of universal success, interna-
tional endorsements, and a plethora of scien-
tific articles have proven that SFOT is faster,
safer, and better than the traditional art of wire
bending. For this reason, it may be unwise in
the future to treat orthodontic patients without
offering this biology-based protocol in docu-
ments of informed consent. The contents of
this second edition book lend credence to a
new identity and the authors personify the
spirit of free inquiry, insatiable curiosity, and
intrepid perseverance necessary to sustain it.
Science, once liberated from the bottle of
obscurity, proceeds on its own momentum.
We posit most humbly that we are merely the
messengers of this new clinical science.

In reviewing the rocky sojourn of SFOT
through history, some major themes emerge.
The first is whether the essence of orthodontic
practice is art or science. The resolution of this
dichotomy is that orthodontics is neither and
both. Art and science are merely two different
but complementary epistemological perspec-
tives of the world; they are the Platonic and
the Aristotelian. Synthesized appropriately,
the ontological insights of both, coordinated
well, are critical to the successful practice of
orthodontics.

2 Periodontally accelerated osteogenic orthodontics.
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A second and increasingly less contentious
but nonetheless salient perspective facing
orthodontics is the perennial conflict between
extraction and non-extraction protocols. This
is germane to our discussion of SFOT because
traditionally the decision to extract or not
extract was a matter of style or a biased choice
from a myriad of cephalometric norms. But
SFOT introduces new objective data that
fortifies the non-extraction option to enhance
a new standard of esthetics. No longer con-
strained by anterior limits of arch form, expan-
sion to protrusive smiles (in contrast to Angle’s
ideal profile of Apollo Belvedere) appears to
be emerging as the new standard for social
esthetics. And yet, a kind of cultural inertia
and drag on professional progress delays a
definitive reconciliation of extraction and non-
extraction philosophies. Our new approach
can obviate any need for the former and
facilitate the latter.

The Alveolus Bone Is Not a Process

Recent revelations in the literature about OTE
suggest that knowledge of the alveolus bone
has suffered greatly from two major miscon-
ceptions. First, it is not a process. A bony
process, like the zygomatic or mastoid, is a pro-
jection of a larger body for muscle attachment
or mechanical advantage. So, physiology of an
anatomical “process” should be identical to
that of its basal bone. But the alveolus bone is
somewhat independent of the maxillary or
mandibular corpus in origin, function, and
fate. In congenital anodontia, it is absent, and
its behavior reflects that of the tooth roots, not
the subjacent corpi.

In dentistry, since the term “process” has
been used for centuries, it is naturally
assumed to be a structural and behavioral
extension of the basal bone, i.e., maxillary or
mandibular body. But observing the absence
of alveolus in congenital anodontia one must
logically question the legitimacy of that term.
Thus, we propose it be referred to as simply
“the alveolus.” The alveolus bone is

7
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developmentally, structurally, and function-
ally unique, similar to and contiguous with
the underlying body of bone. But it is neither
anatomically continuous nor physiologically
identical.

The alveolus bone lives, thrives, and dies by
virtue of root positions.

If we posit that arch length deficiency
(crowding) reflects ectopic eruption and the
alveolus bone emerges only upon tooth erup-
tion, then logically the teeth are not erupting
ectopically because of a “small bone.” The
opposite is true: the bone is small because the
teeth are crowded. Since the bone development
will “follow” the root to some degree, we posit
that one should evaluate potential space (avail-
able space) by measuring the circumference
of the labial alveolus rather than relying on
mere visual inspection or adding the sums of
mesiodistal widths of teeth.

The second major misconception about the
alveolus is that its form, its phenotype, is
immutable and thus, risks dehiscence when
arches are expanded. Our experience with the
alveolus bone suggests that it its not immuta-
ble; itis in fact, under the right conditions, very
malleable and invites expansion to accommo-
date an entire natural dentition.

Epigenetics and the
Waddington Landscape

In 1957, Conrad Waddington, a biologist and
polymath, described mammalian develop-
ment as unidirectional,® which means that
embryonic stem cells develop into a more
mature differentiated state. Explaining inter-
ruptions in the developmental expression of
the genotype, he drew a “developmental land-
scape” (Figure 1.2).

Waddington’s Epigenetic Landscape
(Figure 1.2) is a visual metaphor showing how
stem cell differentiation is analogous to a ball

3 Dedifferentiation and trans-differentiation had not
yet been introduced in the vocabulary of
developmental biology.

rolling down an incline. Here, we use it to
demonstrate epigenetic alteration of a develop-
mental trajectory with OTE. At the top of the
incline, the ball symbolizes tissue in develop-
ment during healing, where it mimics its origi-
nal ontogeny. The pull of gravity down the
incline symbolizes the force of nature in natu-
ral development or, in our case, the force of
therapeutic manipulation.

During the process, the cells become special-
ized by deleting or inactivating unnecessary
genetic information. Since normal cells do not
lose differentiation potential, i.e., transforma-
tive information during their differentiation,
they can differentiate into virtually any tissue
element. And tissue mimics that cellular dif-
ferentiation. In cell development genes are just
silenced but can be reactivated by exposure to
defining stimuli called “epigenetic perturba-
tion.” We submit that SAD, PAOO, and other
OTE protocols constitute the same. This is the
key to alveolus bone malleability and the
orthodontic stability it renders. Loading a heal-
ing bone overcomes any determinative barrier,
termed “canalization” (ridges in the landscape).

The term “epigenetics” was coined by
Waddington to introduce the idea that some
threshold environmental phenomena can
modify the expression of chromosomes. He
contended that a focus on natural selection as
a determinate of structural phenotype must
also consider the nonheritable role of epige-
netic dynamics. The limit is dictated by a phys-
iologic negotiation between the genomic
options and the environmental perturbation
which the genome “recognizes” and uses to
select from a variety of expressions depending
on the developmental environment. That is,
DNA is not destiny nor a blueprint for a fixed
and immutable phenotype. The DNA is rather
like a survival manual, telling the tissue how to
react depending on whatever environmental
challenge presents. This “challenge” is termed
an “epigenetic perturbation.” This recognition
and allowance for alveolar phenotypic expan-
sion in turn depends on the threshold of
epigenetic perturbation, (infection, surgery,
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Figure 1.2 Phenotype development and recapitulating regional ontogeny in the alveolus bone is
demonstrated, yet modified from Waddington’s epigenetic landscape. The original landscape on the left is
changed to demonstrate how SFOT and TMP can cause such an epigenetic perturbation that sufficient drive
over the canalization ridges will redirect local healing toward a new form of bony phenotype. This
stabilizes the orthodontic outcome better than traditional methods of retention which have an 80% to 90%
failure rate over 10-20 years. The tissue engineering methods explained in this chapter not only provide a
new theory of oral tissue dynamics but also comport exactly with independent demonstrations of stability
in medical long bone surgery. This happens because the cells in a loaded healing wound can recapitulate

regional ontogeny. In both schematics the rolling ball of this visual metaphor represents tissue
development in ontogeny and local wound healing; the end of its trajectory is full development and
complete healing. The landscape’s valleys (canals) represent optional and alternative developmental
pathways and the ridges represent phenotype stability which will manifest depending on different local
developmental environments. OTE techniques are "epigenetic perturbations” that overcome the symbolic
ridges’ impediments to stable phenotypes. Source: Mitchell (2015) / PLOS / CC BY 4.0.

metabolic disorders, methylation, etc.). These
possible perturbing factors include the influ-
ence of orthodontic forces loading a healing
bone. Siegal and Bergman (2002) argued that
phenotype is “robust to changes,” and we
interpret that as a reference to the potential
stability of orthodontic clinical outcomes.
The robustness they refer to in epigenetic ter-
minology is visualized as “canalization,” anal-
ogous to “energy wells,” which is the result
of “long-term natural selection for optimal
phenotypes.” We contend that in wound heal-
ing, which is a regional redux of embryological
development, this process is mimicked and,
thus, can be applied to the wound healing of
decorticated bone and stem cells, endogenous
or grafted.

Without an influential perturbation, a heal-
ing bone normally reverts to its original pheno-
type. In the case of infection, fibroplasia
replaces parenchymal regeneration thus form-
ing scar tissue, itself a qualitative change in
phenotype. If a broken bone is immobilized and
heals well, it will endorse normal environmen-
tal stresses, e.g., running, walking, load bear-
ing, and return to its original form. However, if
fixation is inadequate and movement occurs
under a cast, the movement is an exogenous
influence sufficient to overcome normal robust-
ness (canalization). Then a hypertrophic non-
union may occur. If there is an inadequate
blood supply to the fracture, an atrophic non-
union will develop. Each of these forms of clini-
cal outcome represents an altered trajectory
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down a developmental canal. Sufficient to
maintain an osteopenic state, the orthodontic
load will also prevent recalcification, providing
less resistance to OTM. The fundamental bio-
logical principle at work in this phenomenon is
the fact that a healing wound mimics the origi-
nal development of phenotype. That is, a heal-
ing wound recapitulates regional ontogeny.

In Figure 1.2, Waddington’s epigenetic
landscape model, (a) represents malocclusion
development as an unperturbed genetic expres-
sion hits an ectopic eruption problematic
enough to qualify as an “epigenetic perturba-
tion.” (b) Illustrates a perturbation during heal-
ing and reprogramming of development to an
alternative morphotype along a novel develop-
mental trajectory. Ridges represent barriers to
differential development and valleys (canals)
represent stable morphotypes. Overcoming the
ridges requires a kind of “energy of activation”
and a threshold of “epigenetic perturbation.”
This may take the form of infection as in scar
formation, surgery skill in the hands of a plastic
surgeon, or PAOO in the hands of a skilled
orthodontist-periodontist team. The therapeu-
tic intervention is designated by the red arrows,
changing trajectory “a” to trajectory “b.” The
result is a reengineered alveolus, morphotype
(a) to morphotype (b) a larger alveolus bone,
which is secure in orthodontic stability by deep
canalization.

Thus, rather than the DNA acting as exact
“blueprint” for a fixed and immutable pheno-
typic form, the type of genetic expression and
the final configuration of the alveolus bone
depends upon (i) the genomic options availa-
ble, (ii) the physical resources available, e.g.,
grafted scaffolding, (iii) the limits to which soft
tissue periosteum can be extended (stretched
or “relieved of tension”) during surgery, and
(iv) general regenerative capacity of the indi-
vidual set by age, physical health, metabolic
robustness of local tissue, atrophic, and degree
of vascularity or fibrosis, i.e., the cell/fiber ele-
ment ratio.

One of the great advantages of SFOT is
that alveolar bone can be enlarged

sufficiently to accommodate an idealized
dental arch rather than modifying a normal
healthy dentition, with odontoplasty or
healthy teeth extractions, to match inferior
bone. In a way, the ability to “build a better
bone” renders, the extraction-expansion
debate somewhat moot as a simplistic and
false dichotomy, just as epigenetics has ren-
dered the nature-nurture debate into an
anachronistic dichotomy.

From Osteotomy to Corticotomy
to Tissue Engineering

When reviewing the history of the corticot-
omy, one discovers that it originated in
attempts to minimize the harsh side effects of
major segmental osteotomy. The history is
complicated by the fact that early writers used
the terms osteotomy and corticotomy synony-
mously. So, much of the early literature is
vague and prone to misinterpretation. An
osteotomy starts with a linear decortication of
bone and ends with a physical “movement” or
“mobilization” (read: fracture) of a section of
bone the way one might break a twig from the
branch of a tree. Thus, “mobilization” is a
euphemism for a kind of purposeful fractur-
ing of bone sometimes literally done with a
mallet and chisel. Whereas a corticotomy is
limited to gentle incisions without any luxa-
tion or fracture. When studying OTE one must
keep in mind the fundamental effects and
esoteric mechanisms which facilitate the
phenomena.

These effects, “observed” in the mind of the
doctor during OTE occur sub-clinically at the
tissue and cell level. They are less clearly
defined than clinic-level gross anatomy, a level
to which most orthodontists are accustomed.
Therefore, new thinking must occur which
could not have been appreciated by the spe-
cialty’s earlier advocates. Ironically, the mech-
anism that made OTE successful may have
been singularly intuited as early as the 19th
century by John Nutting Farrar (1839-1913)



around 1888. He was referring to orthodontic
effects from a “whole bone” perspective when
he wrote,

... The softening of the socket breaks the
fixedness or rigidity of the tooth leaving
it comparatively easy to move, either by
resorption of the tissues or by bending of
the alveolar  process or  both
(Emphasis added)

Farrar Revisited: Bending
Bone and CPO

Farrar’s writing invites natural queries about
the optimal threshold for bone fractures but is
more germane to OTE, the thresholds for ther-
apeutic bone modeling. The answers lie just
beyond the scope of classical orthodontic liter-
ature residing instead within the fields of
recent orthopedic and osteology (Mavcic and
Antolic, 2012).

This bending of the whole alveolus bone
stimulates regenerative osseous metabolism,
compensatory bone resorption, and deposition,

(@)

Palatal
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which occurs in areas of shear loading. The net
result is a reconfiguration of cortical and tra-
becular architecture consistent with Wolff’s
Law (Wolff, 1892). For example, in Figure 1.3 if
a premolar is loaded with a buccal vector, the
alveolus is bent buccally causing it to assume a
relatively convex surface on the palatal aspect
and a concavity on the buccal aspect. This buc-
cal bending produces shear tension on the pala-
tal convex surface signified by (—) and shear
compression signified by (+) on the labial sur-
face (Figure 1.3).

Close analysis of a loaded alveolus depicted
in Figures 1.3a, b, an exaggerated diagram of
OTM, shows a much more complicated vector
system. One key to reconciliation of the
medical-dental paradox is to imagine the
cribriform plate and periodontal ligament as
analogous to endosteal elements. Figure 1.3b is
a closer look at the complicated vector system
in Figure 1.3a.

In Figure 1.3, orthodontic force (F) is applied
to the palatal side of a bicuspid. The alveolus
palatal cortical plate and the buccal cortical
plate are distorted, (“bent”) buccally in the

Figure 1.3 This figure is intended to demonstrate the entire load dissipation when a force is applied to a
tooth. The traditional “pressure-tension” concept is so elementary that it is misleading and archaic. The
figure demonstrates shear compression and shear tensions on the alveolus bone and explains why the
cell-level responses to the orthodontic load “bend” the cribriform plate in such a way that the dynamics go
beyond simple crestal pressure and tension. It is the bending of the alveolus bone and the shear
compression and shear stretching of the cribriform plate and bony cortex periosteal tissue that results in
phenotypic change. A plus sign (+) represents osteogenesis at areas of shear compression. A minus sign (-)
represents osteoclastic resorption at areas of shear tension.
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direction of the sum vector (V). Note the aster-
isk representing the area of hyalinization, an
ischemic necrosis (infarct) of the crestal perio-
dontal ligament.

Observe in Figure 1.3b, how force (F) induces
shear tension on the palatal subperiosteal corti-
cal surface and shear compression on the pala-
tal cribriform plate. On the buccal alveolus
cortex, the palatal surface of the buccal alveo-
lus cortex also “senses” shear tension. As the
same force bends the alveolus in the direction
of vector (V), it produces shear tension on the
palatal aspect of the buccal cortex and shear
compression on the buccal aspect of the buccal
cortex. In periodontal terminology, this shear
loading-osteogenesis  creates  “buttressing
bone” and is often attributed to trauma from
occlusion.

These buttressing bone phenomena are lim-
ited by genotypic codes, but the expression of
those codes depends upon the environmental
perturbations they encounter. In summary, we
propose that the bone apposition and resorp-
tion patterns seen in the periodontal ligament
during OTM are due to differential shear forces
during alveolus “bone bending,” simultaneous
with periodontal ligament infarction, i.e., (hya-
linization “H” in Figure 1.3). We contend that
the surrounding osteopenia caused by the
bone bending is amplified by the OTE-induced
Regional Acceleratory Phenomenon (RAP).
Further the mobility phenomenon is referred
to, in periodontal terms, as primary mobility.
When mobility is caused by progressive loss of
the attachment apparatus the appropriate term
is secondary mobility. The concern about the
exaggerated OTE and ODO-induced mobility
is not to be confused with secondary mobility
caused by attachment loss. Patients should be
explicitly reassured that OTE/ODO mobility is
a therapeutic asset and is completely reversible
in the retention period as the bone quickly
recalcifies to its original density.

The two seemingly contradictory clichés of
orthopedics and orthodontics about how load
affects bone physiology, (load causes osteocla-
sia in dentistry; load causes osteogenesis in

medical orthopedics) are thus reconciled if one
considers the cribriform plate and periodontal
ligament as a kind of “modified endosteum,”
and a distinction is made between the ortho-
dontic model of compression loading and the
medical orthopedic model of shear loading. As
force (F) is applied to the tooth, in Figure 1.3, it
does indeed move in the socket, but pressures
and tensions are applied with a myriad of com-
ponent vectors. Therefore, we propose that the
“pressure-tension” metaphor is so simplistic
that it acts as a kind of facile intellectual red
herring” This intellectual “detour” inhibits a
full conceptualization of bone dynamics dur-
ing PAOO and alveolus enlargement. This
leads the reader away from a more sophisti-
cated and accurate bone physiology that allows
alveolus phenotype change and, therefore,
increased orthodontic stability.

In other words, the reaction of orthodontic
load we posit is better explained by the shear
tension or shear compression analysis of the
bone cortices and periosteum. Hyalinization of
the periodontal ligament provides little knowl-
edge about “whole bone” periosteal strain.
This mechanism to explain OTM within the
alveolus bone and cribriform plate is superior
to the pressure-tension hypothesis because it
is consistent with basic science and general
orthopedic principles. Looking beyond the lig-
ament with a “whole bone” perspective gives a
more realistic and comprehensive assessment
of bone-under-load. It also explains the univer-
sal clinical successes of both SFOT in general
and ODO (or PAOO) in particular.

This principle of compensatory periosteal
osteogenesis (CPO) can be seen when a palatal
alveolus bone - not dental - expander
(Figure 1.4a) is activated. The purpose, to
expand the palatal alveolus bone with acrylic
panels, and stimulate bone deposition on the
concave buccal surface of bone. This apposi-
tional behavior of woven bone on the buccal
alveolar aspect can only be explained by what
we call CPO. Figure 1.4 demonstrates a real-
life application of the schema in Figure 1.3.

The behavior of the convex buccal



