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Foreword
with a glimpse into the analog past, 
the transforming present, 
and the digital future

This book opens the “digital pathway” to 3D success 
for the orthodontic clinical practice. It is a successful 
demonstration on how digitization of patient infor-

mation and digitalization of clinical procedures can lead 
to a digital orthodontic transformation for the design and 
manufacturing of patient-specific devices—and in turn to 
considerable benefits for clinicians and patients.

Many years ago, I had the opportunity to propose the 
use of computer-aided engineering as a potential clini-
cal tool for preoperative planning, surgical practice, and 
customization of medical devices. However, the efficient 
integration of medical imaging with design, simulation, 
and rapid manufacturing was a long, challenging, and 
demanding task. It could take weeks or even months to 
coordinate just the export of images from medical scanners. 
Specific knowledge and equipment were also necessary to 
transfer image data to a computer. Extra effort was required 
to decode and read the “native” formats utilized by those 
closed systems. Overall, too much effort, too many projects, 
extensive scientific work, and numerous clinical cases and 
patient stories have been required in order to prove the 
value of a digital engineering approach in clinical practice. 

By the turn of the millennium, the underlying engineer-
ing technologies, as well as the relevant digital 3D workflow, 
were fully established. Computer-guided implantology was 
the first concrete example of a successful digital process 
in dentistry. During the following years, a considerable 
simplification and automatization of the procedures was 
achieved, mainly due to considerable software develop-
ments but also hardware improvements and increasing 
computer power. Nevertheless, it took decades to garner 
widespread recognition for the apparent benefits of engi-
neering approaches in dentistry and medicine, as well as 
the potential of a generalized digital transformation in 
health care. Today, everyone wants to “go digital,” even 
when it is often unclear what that even means. 

Strictly, the term digital refers to the management of digi-
tal information. Digitization is the initial step to make all 

information available in a digital format. And digitalization 
is the next step to develop the appropriate tools to manage 
the digitized information. The “digital transformation” is 
the integration of digital data with digital tools into all 
aspects of any enterprise. The fact that many technologies, 
such as modern design and manufacturing, utilize digital 
information and rely on computational procedures leads us 
to consider ourselves under the “digital umbrella” as well. 
It is very important though to mention that a successful 
digital transformation is not just about the technology. It 
fundamentally changes how an organization operates in 
order to deliver the potential benefits. It requires a cultural 
change with new and different ways of thinking. It is a 
constantly evolving situation that requires experimenta-
tion for the implementation of novel processes that are 
frequently radical and challenge analog routines. In health 
care, the order always used to be disease, medicine, and 
then patient. However, a digital health care transformation 
puts the patient at the center of medical care, affecting how 
people access or even define health care. 

What does a potential “digital health care transforma-
tion” really mean? It is estimated by IBM Watson that each 
person can generate enough health data in their lifetime to 
fill 300 million books. More medical data has been created 
in the past 2 years than in the entirety of human history, 
and this is predicted to double every 73 days. Most data 
though are unstructured and stored in hundreds of forms 
such as lab results, images, and medical transcripts. It is 
called Big Data because it is voluminous and complex. 
Traditional processing software was inadequate to deal 
with it, but now there are the technical capabilities to moni-
tor, collect, and process this scale of information. Big Data 
can be analyzed by intelligent systems that can imitate 
human learning and reasoning, otherwise called artifi-
cial intelligence (AI). AI has the capability to sift through 
billions of pieces of unstructured information and “inves-
tigate” millions of patient cases in order to find patient- 
relevant information, sort its importance, make necessary 
connections, and summarize conclusions in a predictive 
way. In addition, such digital processes can employ “cogni-
tive computing” techniques to simulate human thought 
by learning how to recognize and use the data. The rele-
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vant technology platforms can encompass reasoning, 
speech, and object recognition, language processing, and 
human-computer interaction. Doctors can interact directly 
through dialogue, discussing various proposals. Through 
“machine learning” (ML), digital systems can also be auto-
matically trained and keep learning from any mistakes as 
well as successes to adapt and become “specialists” in a 
range of disciplines. As such, a potential digital health 
care transformation can help clinicians to make informed 
decisions regarding diagnosis and treatment options. It 
is also possible to obtain insights on outcomes of vari-
ous treatment options, to better understand which ther-
apy may be suitable for which patients, and in general to 
identify information for optimizing therapy approaches 
and improving clinical guidelines. It is important to note 
though that such intelligent systems are only assistants 
that support human experts. Doctors and nurses make 
decisions that are best for their patients, and they must 
always have the last word. Computers cannot replace the 
emotional and social side of people.

A key aspect for the success of a digital health care trans-
formation is that humans remain in control. For that purpose, 
an interdisciplinary approach is necessary. Convergence 
among various disciplines such as mathematics, physics, 
chemistry, biology, engineering, and medicine is imperative. 
An appropriate understanding of the background technolo-
gies and training of medics for the ideal application of digital 
processes in clinical practice is also necessary. Certainly, 
the application of automated methods does not mean over-
simplification of clinical procedures or reduced experience. 
Systematic clinical training as well continuous collaboration 
with experienced technology experts is mandatory. The 
development of relevant technical and clinical standards is 
a key element in establishing this digital health care trans-
formation. “Certified” procedures and products are manda-
tory in order to protect public health, preserve quality, and 
promote safety for all concerned. For that purpose, develop-
ing and implementing regulatory strategies and policies for 
digital health technologies is imperative. The most important 
consideration in adapting digital procedures should be the 
optimal results for patient well-being. No one should forget 
that health care is about caring for people, and ethics should 
be a key aspect during any digital transformation. 

A “digital future” presents possibilities for our life, but 
it depends on whether we can really embrace and make 
them happen. Twenty years ago, I was tasked to produce 

a “virtual human” model for the British MOD and NATO. 
It took a record time of a few months to generate a whole 
human anatomy for the first time in an STL format. Today, 
such a model could act as an input for AI and cognitive 
computing systems to analyze, study, and predict human 
anatomy physiologic functions and responses. In the future, 
such virtual patients or otherwise “digital human twins” 
will become a common practice for studying every pathol-
ogy and treatment. From diagnosis to treatment, digital 
tools are about to change the way every health care profes-
sional works. Prior to embracing the forthcoming digital 
era, however, we should keep in mind that the success of 
“going digital” relies on the way we think, approach, and 
use the relevant technologies. As it is demonstrated by the 
prominent authors of this book, the future orthodontic 
practice is not that far away.

This book represents the future digital transformation of 
orthodontics. It is an illustration of future digital orthodontic 
workflows but also provides the reader the opportunity to 
adopt and apply this already today. A digital roadmap is 
provided for orthodontists who wish to provide care for their 
patients in a personalized 3D way. I would like to express 
my great appreciation to Dr Nearchos Panayi for his enthu-
siasm and commitment to adopt digital engineering in his 
daily orthodontic routine. His passion to share the digi-
tal knowledge and experience that he has accumulated 
during the last few years is admirable. I would also like to 
extend my gratitude to all the authors of DIY Orthodontics. 
This book is a significant recognition for all those pioneers, 
engineers, and clinicians who believed, developed, and 
introduced digital approaches in medicine. It  proves that 
computer-aided engineering techniques are applicable to all 
clinical fields, as it was once thought and hoped. However, 
we are still in the beginning of exploring the many possibil-
ities that 3D engineering technology can offer in medicine. 
We are entering a new universe in clinical practice, and it is 
a learning process for all involved. Knowledge, experience, 
as well as guidance and training on best practices are critical. 
Unrealistic expectations only lead to disappointment, but 
when we work together—researchers, scientists, engineers, 
and clinicians—we can get this right! Until then, by reading 
and applying DIY Orthodontics: Design It Yourself, you can 
already immerse yourself in tomorrow’s 3D world. 

Panos Diamantopoulos, DPhil, Dr Eng
President, Computer Aided Implantology Academy
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Preface
Γηράσκω δ’ αεί πολλά διδασκόμενος
I’m getting older while being taught all the time.
— Solon, 630–560 bc, Ancient Athenian legislator & 

philosopher

In 1957, the Canadian philosopher Marshall McLuhan 
stated that “As technology advances, it reverses the 
characteristics of every situation again and again. The 

age of automation is going to be the age of ‘do it yourself.’” 
This proactive statement has come to be realized in our 
time. 

The progressive nature of technology has given it a pres-
ence in modern orthodontics since its recognition as the 
first specialty of dentistry, as established by Dr Edward 
H. Angle. Its influence has been continuously evolving 
and altering the way orthodontics is practiced. The reality 
is that new materials, techniques, bracket designs and 
prescriptions, appliances, and software, together with 
advances in the field of biology, have influenced many 
aspects of orthodontic treatment. However, most of these 
advances have been within the confines of traditional clin-
ical practice workflows, with a dependence on an ortho-
dontic laboratory and orthodontic material companies for 
the necessary appliances and auxiliaries to be used for 
treatment. The advancement of automation, however, is a 
departure from that workflow entirely.

Automation implies self-regulation or acting inde-
pendently with limited to no human intervention. This term 
is rooted in the Greek word automatos, which means acting 
by itself, or by its own will, or spontaneously. Automation, 
as alluded to by McLuhan, has been incorporated into 
medicine as a whole, and modern dentistry specifically, 
but to a lesser degree in orthodontics. 

Automation can mean fully automatic or semiautomatic 
devices or systems where human input has a minor role. A 
modern CBCT, for instance, is a tomograph that can acquire 
images in three dimensions only by setting the necessary 
parameters in a semiautomatic configuration. An intraoral 
scanner delivers colored accurate surface 3D images by 
automatically matching different angle scans of points of 
interest (POIs). Recently, color matching for restorations 
is also available or even functions for caries detection. 

Automatic integration of a volume and a surface scan is 
also available with certain software. 3D printing or milling 
is another form of automation where 3D images are trans-
ferred to dedicated machines and output as real objects 
following several automation steps. Other such examples 
are CAD software that performs teeth segmentation and 
virtual bracket positioning for indirect bonding proce-
dures, which are semiautomation processes. Furthermore, 
artificial intelligence is being developed to “trace” cepha-
lograms with remarkable accuracy or convert DICOM files 
into an STL printable format.

Another example of automation in orthodontics is CAD 
software that performs automatic procedures to help the 
operator design almost all kinds of appliances, which are 
then printed or milled in special machines. Aligner 3D 
printing is in its initial steps but certainly will be the next 
big step in aligner treatment. Recently, in-house or labo-
ratory wire-bending robots have been developed to manu-
facture patient-specific archwires. Artificial intelligence is 
also used by aligner companies to gather data from ortho-
dontists in order to provide assistance for future aligner 
treatments. Blockchain, although initially developed for 
use with cryptocurrency (ie, Bitcoin), has also found use in 
medicine. The ability to automatically share medical data 
without any central server using only peripheral computers 
is a promising technology that could also be used between 
orthodontists for treatment and research purposes.

Customized orthodontic brackets manufactured by 
companies for individualized orthodontic treatments is an 
important recent step in the direction of personalized medi-
cine within orthodontics, which has mainly occurred out 
of necessity in lingual orthodontics. Nevertheless, bracket 
customization manufacturing is currently available from 
a small number of companies also in labial orthodontics. 
Despite this customization evolution, the relatively high 
cost of such treatment currently deters the mass of patients 
from availing themselves tο such systems. The present book 
describes a new CAD software called UBrackets, which may 
place fixed appliance customization within the grasp of the 
majority of orthodontists and their patients. This tool gives 
the orthodontist the ability to design the specific patient’s 
tailor-made fixed orthodontic appliances. This has led to 
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the start of a project to create the technology for in-house 
fixed appliance printing. 

Creekmore, in his article “Straight wire: The next genera-
tion,” lists five reasons why current preadjusted appliances 
cannot achieve ideal positions: inaccurate bracket place-
ment, variations in tooth structure, variations in the verti-
cal and anteroposterior jaw relationships, tissue rebound, 
and orthodontic appliance mechanical deficiencies. More-
over, he states that even with the preadjusted appliances, 
first-, second-, and third-order bends have to be made to 
move the teeth in the desired positions. Perhaps the use of 
digital technologies will satisfy these conditions.

It was the Greek philosopher Heraklitos (544–484 bc) who 
stated that “the only constant is change,” or put differently, 
“nothing endures but change.” Within the changes brought 
on by the digital revolution and the effect of automation 
processes is the continuous change of human roles. Thus, 
the whole complex of the contributing factors in practicing 
orthodontics is continuously changing due to technologic 
advancements driven by automation. The consequence of 
automation, as previously stated, is the “do it yourself” 
concept. It is evident that the concentration of all the digi-
tal records of a patient in a computer allows for a global 
view of the patient, or the virtual patient. Moreover, this 
facilitates in-house designing and printing of the majority 
of orthodontic appliances, as foretold by McLuhan. Thus, 
technologic advances directly influence the role of the 
orthodontist or orthodontic clinic by bestowing on its tradi-
tional laboratory tasks without the intermediary steps with 
their inherent lost time and material requirements. This 
now includes obtaining the patient-specific fixed appliance 
brackets as the result of an in-house customized bracket 
design and printing process.

Companies will strive to manufacture new 3D printers 
with higher capability for accurately printing small objects 
like brackets at an affordable cost. Moreover, they will turn 
their interest to creating reinforced resins or other materials 
that could be used for bracket printing and whose printing 
result will resemble the material quality and properties of 
the currently used metallic or ceramic brackets.

The goal of this book is to provide the modern orthodon-
tic clinician a description of the current digital technology 
that is used in orthodontics, including volume and surface 
scanning, 3D printing, CAD software, and artificial intelli-
gence, and to speculate as to the future developments that 
can be expected. The former will be summarized within 
a single chapter in an effort to indicate the directions 
expected of the latter to describe the future integration 
of digital technology and its use within the workflow of a 
completely digital orthodontic office. The second section 
of the book is a “design it yourself” guide presenting the 
application of this technology in all aspects of orthodontic 
treatment. Almost every chapter of this book is a separate 
subject that should be analyzed, studied, and evolved 
more by researchers and orthodontic companies in order 
to create a state-of-the-art orthodontic technology.

The book describes all the necessary technologic ingre-
dients to be used in a self-sufficient digital orthodontic 
clinic. It focuses on the in-house design and production of 
tailor-made appliances by digitally diagnosing and evalu-
ating the virtual patient and by creating an individualized 
treatment plan. Moreover, the book describes the concept of 
a future network connecting orthodontic offices (globally) 
to a central artificial intelligence server and to a noncor-
porate orthodontic blockchain network. This will connect 
all orthodontists in such a manner so as to create a “super 
study club” for case sharing and research purposes using 
cryptography. 

Whenever we talk about technology and digital advance-
ments, it is essential to understand that digital technology 
can make a good orthodontist better, but it will not trans-
form a bad orthodontist into a good one. Furthermore, as 
it is described in these pages, automation is not to be the 
substitution of human error with mechanical error. Mini-
mization of such errors is dependent on the changing but 
ever-present involvement of the human interlocutor. The 
symbiosis of human experience and knowledge, together 
with digitized technology, can be honed to better serve our 
patients and humanity.
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1
“Do it yourself” (DIY) orthodontics is becoming 

requisite in modern orthodontic practice. Never-
theless, this book is titled Design It Yourself 

Orthodontics in order to differentiate it from the “doctor-
less” direct-to-patient appliances offered online or at shop-
ping mall kiosks.  

Technology and 3D software have irrevocably changed 
the way modern orthodontics is managed and adminis-
tered. Printed models are eliminating poured plaster casts, 
appliances can be designed and printed with computer- 
assisted hardware and software, and tooth movements can 
be simulated and staged digitally to increase their accuracy 
and predictability. 

Digitization converts real-world information into digital 
data that can be presented on a computer screen. Volume 
scanning and surface scanning of the dental arches and the 
face are transferred to dedicated orthodontic software to 
build the “virtual patient” for orthodontic diagnosis, tooth 
movement simulations, and treatment planning. 

Artificial intelligence (AI), currently in its initial stages, 
holds promise in becoming a tool for orthodontic diagnosis 
and treatment outcome predictions. It also has the poten-
tial to assist in defining appropriate treatment options 
for a specific patient, as well as predicting tendencies of 
relapse. Furthermore, AI can be a valuable research tool. 
Blockchain assemblies are described herein that could be 
a digital tool to connect an infinite number of orthodontic 
clinicians without a centralized server as a network. This 
could become a window for participants to view treatment 

examples, digital appliances, radiographs, etc, without 
violating patient or doctor privacy. 

Dentists and orthodontists can at times be intimidated by 
mathematics, physics, and technology, which are related to 
forces and appliance design. Technologic understanding is 
a time-consuming process with a learning curve that can 
deter the orthodontist from getting involved. A familiar 
work pattern and acceptance of a particular appliance serve 
to create a comfort zone for every clinician. The introduc-
tion of a disruptive technology may upset this pattern and 
disturb the established workflow. Nevertheless, avoidance 
of these technologies will be to the disadvantage of the 
practitioner. The longer the delay in integrating these tech-
nologies, the greater the learning curve in implementing 
them. As Darwin stated, it is not the strongest of the species 
that survives nor the most intelligent—it is the one that is 
most adaptable to change.

The versatility of digital applications has enabled 
increased control and greater independence within our 
clinical settings. This trend has justified the inception of 
many companies that recognize the need for tools to design 
and plan individualized appliances according to each clini-
cian’s vision for each case, and to enable modifications as 
needed during the treatment. These tools include multi-
functional orthodontic software for virtual patient analysis, 
treatment simulation, patient education, treatment plan-
ning, and smile design. Other software offers the ability to 
design and create in-house orthodontic aligners, indirect 
bonding (IDB) trays, customized bands, appliances, and 

Introduction
Rafi Romano
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orthognathic surgical splints, etc. 3D printer companies 
have recognized the application of their technology in 
dentistry and orthodontics, and new biocompatible print-
ing resins are continuously under development and being 
introduced in the market for use. 

The younger generations of orthodontists and dentists, 
while certainly less clinically experienced, are naturally 
better informed as to these technologies because their 
emergence into the field parallel one another. Older, more 
experienced clinicians generally are slow to adopt new 
technologies due to the apprehension created by the distur-
bance in established principles and the apparent complex-
ity new technology introduces. Young or old, inexperienced 
or experienced, all clinicians need sources that enable 
them to accept new technologies and overcome barriers 
so they can realize their own innovation.

It needs to be understood that technology is not a 
replacement for the process of coalescing the appropriate 
diagnostic information into a patient-specific treatment 
plan. Digital technology can only serve as an assistant, 
not the master in orthodontic treatments. Ironically, it is 
the more clinically experienced category of clinicians that 
can maximize the potential of these tools; however, their 
aversion to the changes brought by technology has left this 
potential unrealized. Also, knowledge of new technology 
should not give the impression in young dentists and ortho-
dontists that it is sufficient for a satisfactory orthodontic 
treatment result.  

This book, as stated in its title, covers the topic of DIY 
orthodontics from the simple design of expansion and cast/
printed appliances using dedicated computer-aided design 
(CAD) orthodontic software to unique printed appliances 
designed by general CAD engineering software. As the 
reader will notice, such tools enable the orthodontist to 
directly design appliances that cannot be created with any 
other software. Indirect bonding with digital preparation 
is thoroughly described with the add-on of a special IDB 
process that is undertaken upon digital setup. In-house 
design of customized lingual braces is presented together 
with an in-house wire-bending robot, for both lingual and 
labial archwires.

In-house aligner design is presented using uncompli-
cated software, an aspiration that is currently central in 
orthodontics. Furthermore, industry efforts to produce a 
biocompatible material and technique to directly print 
clear aligners are discussed in these pages and, together 

with the applications for AI, are the frontiers in the inte-
gration of technology into clinical orthodontics.

One of the most revolutionary chapters of this book 
describes in-house custom bracket design and printing 
using a new software called UBrackets. This enables the 
operator-driven design and building of customized ortho-
dontic bracket bases using composite resin on orthodontic 
brackets. In addition, as a second software option, the 
orthodontist can use the software’s bracket library to print 
fully customized brackets. Volume scanning, surface scan-
ning, 3D printing, and AI are covered in separate chapters. 
A full overview of the digital office workflow is also covered 
in detail.

To my knowledge, there is currently no similar compila-
tion of these undeniably important aspects of the modern 
practice of orthodontics. This does not surprise me because 
the majority of what is described in this book was not in 
existence even 5 years ago. The importance of a book such 
as this is highlighted by the frequency at which new compa-
nies and products are popping up on the market, offering 
new ideas and tools to enable simplification of clinical 
tasks and broaden our professional lives with new and 
exciting opportunities.

The authors contained in this book are recognized clini-
cians and researchers whose reputations and contributions 
are highly regarded. Each presents their respective topic in a 
well-written, comprehensive, but very readable manner. All 
the material appearing in this book is not only topical but 
also extremely up to date with several items receiving initial 
exposure in these pages. The text and visual presentations 
complement each other and engender a flowing and enjoy-
able reading experience of a cutting-edge group of topics.

The biology of tooth movement and the biomechanics 
applied to do so are constants within orthodontics. Yet 
with simple DIY tools, the modern clinician can visualize 
and simulate treatment, and, most importantly, sustain 
maximum control of the progress of any given treatment. 
Furthermore, DIY tools facilitate the ability to modify 
treatment as and when needed without being limited or 
dependent on outsourced laboratories and/or commercial 
companies.  

The highly innovative nature of this book is sure to make 
it standard for every orthodontic office. It will go a long 
way in helping today’s clinicians immerse themselves in 
this fascinating era, which will certainly become the “new 
normal” in every clinic.
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A
Acetate, 44
Acid etching, 158
Additive manufacturing. See also 3D 

printing.
accuracy of, 40
advantages of, 40
computer-aided design in, 31–32
concept of, 31f
conventional manufacturing versus, 

31, 39
customization of, 40
description of, 49–50
introduction to, 31
materials for, 87–88
in orthodontics, 40–41
potential of, 39–40
process involved in, 32
technologies used in. See 3D printing 

technologies.
ultrasonic, 38

Adhesive(s)
light-cured, for digital indirect bonding, 

155, 166
thermally activated, 155

Adhesive precoated brackets, 155
AI. See Artificial intelligence.
Airway volume analysis, 10, 11f
ALARA. See “As low as reasonably 

achievable.”
Align Technologies, 129
Aligners. See Clear aligner(s); Invisalign.
Analog, 43
Analog appliances, 59
Analog orthodontic office, 44, 44f
ANNs. See Artificial neural networks.
Apple Shapr3D, 56
Appliance design, in-house custom. See 

also specific appliance.
bands, 67, 67f
benefits of, 127
CAD software for, 61
Class II corrector, 72, 73f
Class II T-corrector, 73–75, 74f–76f
DIGI-TWIN appliance, 63f–66f, 63–64
fixed lingual retainer, 69–71, 69f–71f

lingual holding arch, 67–68
maxillary molar distalization appliance, 

71, 71f–72f
modified Nance button/appliance, 75, 

78, 78f
palatal microimplant-supported molar 

anchorage appliance, 80, 81
rapid palatal expander, 68–69, 68f–69f
surgical guided stents/splints, 78, 

79f–80f, 80
thumbsucking habit appliance, 75, 77f

Archwires
lingual. See Lingual archwires.
nickel-titanium, 102–103, 198f

Artifacts, 6
Artificial intelligence

in CAD software clear aligner design, 151
clinical trial research applications, 209
deep learning, 206–208
definition of, 205
description of, 1, 211
diagnosis applications of, 207–209
machine learning, 205–206
in orthodontics, 43, 45, 60
software, 211
subsets of, 205, 206f
treatment planning applications of, 

207–209
Artificial neural networks, 205–206
“As low as reasonably achievable,” 7–8, 

14, 46
Attachments, for clear aligners, 132–133
Autodesk Meshmixer. See Meshmixer.
Automated fabrication, 31

B
Band

cobalt-chrome, 59
digital design and printing of, 88–89
Meshmixer design of, 67, 67f
thickness of, 89

Begg technique, 97, 133, 134f
Beneslider appliance, 91–92, 92f–93f
Big data, 209
Binder jetting, 33, 37–38

Bioflex, 88
Bioflex Twin Block, 94, 94f
Bis-GMA materials, 155
Bite plate, for Cervera PEEK appliance, 96
Bite registration

digital, 23
in intraoral scanners, 23

Blockchain, 1, 60f, 60–61
Bolton analysis, 140, 161, 162f
Bonding. See Direct bonding; Indirect 

bonding.
Bone

cone beam computed tomography 
digitization of, 26

cortical, thickness of, 210f
Boolean operations, 61, 101f, 101–102
Bracket(s)

Angle’s contributions to, 97
assisted placement of, 173f
companies involved in, 99
customized versus noncustomized, 98
digital design of, 101–102, 101f–102f
edgewise, 97
evolution of, 97–98
future of, 104
illustration of, 100f, 102f
in-house, 100
labial, 114–116, 116f
lingual, 111–113, 112f–114f
Meshmixer in, 100–105, 101f–105f, 109
placement of, 157
self-ligating, 98
3D printing of, 103–104, 104f–105f
3D-printed guide appliances for, 173
UBrackets for. See UBrackets.
undigitization of customized brackets’ 

3D files, 99
virtual, 163f, 171f
on working models, for indirect 

bonding, 156
Bracket bases, customized, 106–109, 

107f–109f
Bracket bonding, 167
Bracket keys, 172, 173f
Bracket slot and wings, 125f, 126
Buccal arms with rapid palatal expander, 

for reverse-pull headgear, 89f

Page references followed by “f” denote figures, “t” denote tables, and “b” denote boxes.



214

INDEX

C
CAD

in additive manufacturing, 31–32
custom appliances fabricated with, 56
description of, 2
surgical planning uses of, 179

CAD software. See also Orthodontic 
software; specific software.

Class II corrector development using, 72
clear aligner design and manufacturing 

using
artificial intelligence in, 151
description of, 129, 130f, 135–142, 

136f–141
cutting guide design using, 185, 

186f–187f
description of, 48
digital indirect bonding using, 159–160
with file export payment, 87
free, 86
metallic appliance design with, 56
miniplate design using, 185, 186f
nonmetallic appliance design with, 56
open-source, 100, 127
orthognathic surgical splint design 

using, 184
paid, 86–87

CAM. See Computer-aided manufacturing.
Carrière Distalizer, 72
Cartesian coordinate robots, 198
CBCT. See Cone beam computed 

tomography.
Ceph X, 45
Cephalometric analysis, 183f
Cephalometric radiography

cone beam computed tomography 
versus, 12

history of, 13
orthodontic applications of, 8

Cephalometrics, 179
CEREC system

description of, 17
development of, 46

Cervera appliance, 95–96, 96f
Chairside economic restoration of esthetic 

ceramics system. See CEREC system.
Class II corrector, 72, 73f
Class II elastics, 103
Class II T-corrector, 73–75, 74f–76f
Clear aligner(s). See also Invisalign.

advantages of, 120
attachments, 132–133, 148–149
CAD software used in, 129–130, 130f
case selection for, 132
in Class I malocclusion, 132
in Class II malocclusion, 132, 142, 143f
description of, 100
design of, 129–130
directly printed (3D printer)

attachments, 148–149
CAD software for designing, 146
curing of, 146–148, 149f–150f
description of, 87, 123
factors that affect, 149

materials used in, 146
mechanical properties of, 151
overview of, 146
postprinting procedure, 147–148
resins, 146–147
thermoforming aligners versus, 148, 

151
ultraviolet postcuring, 146–148, 149f
workforce for, 147–151, 148f–150f

extrusion attachments with, 132–133
fabrication of, 129–130
factors that affect, 132
fixed orthodontic appliances versus, 132
history of, 129
in-house design and manufacturing of

advantages of, 151
border cleaning, 135, 136f
case study of, 142–145, 143b, 143f–145f
dental model printing, 142
description of, 130, 135
exporting of files, 141
fused deposition modeling printers 

for, 142
intraoral scanning, 135, 136f
model base generation, 135, 136f
occlusion adjustment, 135, 136f
orthodontic CAD software workflow, 

135–142, 136f–141
tooth movement staging, 139–140, 

140f, 151
tooth numbering and segmentation, 

135, 136, 136f
tooth reference axes, 137, 138f
tracking of, 142
undigitization, 142
virtual setup, 137, 139–140

interproximal reduction for, 132–133, 144
lingual fixed appliances and, 121, 121f
manufacturing of, 129–130
mechanical properties of, 131
occlusal coverage with, 131
orthodontic wires versus, 131
PETG-based, 151
real-life treatment, 131–132
retention of, 132
small rotations treated with, 120
staging of, 133–135, 134f
thermoforming/thermoformed

description of, 132, 142
directly printed aligners versus, 148, 

151
thickness of, 131
3D resin printing of, 123
Tip-Edge philosophy applied to, 134f
tooth movement staging for, 133–135, 

134f, 139–140, 140f, 151
treatment categories for, 135
virtual treatment, 131–132
weaknesses of, 135

Clear aligner module, 87
Clinical decision support systems, 211
Clinical trial research, 209–210
Cloud, point, 19, 19f
Cloud-based systems, 52
CNC machining, 36, 87

CNC milling, 100
CNNs. See Convolutional neural networks.
Cobalt-chrome

fixed lingual retainer made from, 69
Herbst Forsus appliance framework, 90f
printed band made from, 59
properties of, 87

Cobalt-chrome powder, 59
Collision occlusogram, 106, 107f
Computed tomography

cone beam. See Cone beam computed 
tomography.

history of, 3, 46
maxillofacial area applications of, 4

Computed tomography machine, 3
Computer-aided design. See CAD.
Computer-aided design software. See CAD 

software.
Computer-aided manufacturing, 39
Computer-assisted microimplant 

placement, surgical guided stents/
splints for, 78, 79f–80f, 80

Computer-assisted simulation software, 14
Cone beam computed tomography

basics of, 3–8
bone digitization using, 26
cephalometric radiographs versus, 12
digital dental casts and, 13
in digital indirect bonding, 161
in digital orthodontic office, 45–46, 51
disadvantages of, 12–13
exposure parameters for, 7
extraoral digitization using, 25–26
field of view, 4–5, 5f
high–field of view, 46
history of, 3
image from

digital, 45
display of, 7–8
graininess of, 6f
quality of, 5–7, 6f
reconstruction of, 7, 8f
scanning time effects on, 6–7

in in-house clear aligner design, 137
intraoral scans and, 130, 131f
magnetic resonance imaging versus, 14
medium–field of view, 46
orthodontics application of

advantages, 12
buccolingual root position, 10
craniofacial deformities, 10, 10f
diagnosis stage, 9
indications, 10–11
midtreatment, 9
overview of, 8–9
posttreatment stage, 9, 9f
temporomandibular joint, 10, 11f
treatment stage, 9

in orthognathic surgery virtual 
planning, 181–182

panoramic radiographs versus, 12
parts of, 3
patient movement during, 6
prediction in, 14
reconstruction scheme for, 4
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root fenestrations on, 10, 12f
root resorption on, 10–11, 11f
rotating x-ray source in, 3, 3f
3D imaging modalities with, 12–13
3D photographs and, 13, 13f
visual treatment objective in, 14
volume scanning in, 4

Contrast resolution, 5, 6f
Convolutional neural networks, 151, 208
Coordinate measuring machine, 25
Corporate appliance systems, 127
Cortical bone thickness, 210f
Coruo lingual brackets, 106, 110f
Craniofacial deformities, 10, 10f
CS3700, 17f
CT. See Computed tomography.
Cure M, 146–147, 149, 150f
Customized appliances

Beneslider, 91–92, 92f–93f
definition of, 97
in-house design of. See Appliance 

design.
lingual fixed appliances, 123–127, 

123f–127f
3D design of, 59

Customized bracket bases, 106–109, 
107f–109f

Cutting guides, 184–186, 185f–187f

D
Data capture technology, 20
Data mining, 209
Decision-making expert systems, 208
DED. See Direct energy deposition.
Deep learning, 206–208
DeltaFace orthodontic CAD software

clear aligner design using, 146
description of, 86, 106
DIGI-TWIN appliance design using, 64, 

66f
illustration of, 48f
tooth movement staging using, 133, 134f

Dental arches
Bolton analysis of, 161, 162f
digitized, 23, 23f, 46, 135, 136f, 159
in Meshmixer, 63f
occlusal view of, 163f
scanning of, 156

Dental casts
cone beam computed tomography and, 

13
creation of, 44
digital, 13

Dental extractions, 132
Dental impressions

appliances generated from, 55
for indirect bonding, 158

Dental laboratories
analog, 44
3D printers in, 49

Dentofacial skeletal anomalies, 179
Diagnosis

artificial intelligence for, 207–209

cone beam computed tomography 
applications in, 9

DICOM files, 46, 208
Digital, 43
Digital band, 88–89
Digital bite registration, 23
Digital dental casts, 13
Digital dental models

description of, 170, 170f
occlusal analysis uses of, 179

Digital design and manufacturing
armamentarium for, 59
brackets, 101–102, 101f–102f
customization advantages, 57, 59
flexibility of, 59
indirect bonding. See Indirect bonding, 

digital.
laboratory design and manufacturing 

versus, 57, 58t
materials used in, 60
orthodontic appliances, 85–87

Digital design and printing
of rapid palatal expander, 88–89, 

88f–89f
of Twin Block, 91f, 94, 94f

Digital facial scanning, 47, 48f
Digital file formats, 19
Digital image, 45
Digital impressions, 17, 27
Digital indirect bonding. See Indirect 

bonding, digital.
Digital light processing, 33–34, 49f, 50, 

109, 123, 124f
Digital micromirror device, 34
Digital orthodontic office

cloud-based systems in, 52
components of, 51
cone beam computed tomography 

scanning in, 45–46, 51
data workflow in, 52
illustration of, 45f
in-house data workflow in, 52
intraoral scanners in, 51
subtractive manufacturing, 48–50, 

49f–50f
surface scanning in, 46–47, 48f
traditional office and, changes between, 

56f
traditional orthodontic office versus, 

57–60
volume scanning in, 45, 46f

Digital orthodontics
artificial intelligence in, 60–61
blockchain in, 60f, 60–61

Digital sensors, 45
Digital smile design, 46, 47f
Digital technology

advances in, 51, 119
description of, 1–2
inherent nature of, 96
in orthodontic setting, 45, 98

Digital workflows, 51, 85
Digitalization, 43
Digitization

definition of, 1, 43, 52

extraoral, 25–26
illustration of, 43f
of patient data, 46

DIGI-TWIN appliance, 63f–66f, 63–64
Direct bonding

accuracy of, 157
errors in, 157
indirect bonding versus, 156–158
loupe-assisted, 157, 157f

Direct energy deposition, 33, 38
Direct metal laser sintering, 35–36
Directly printed clear aligners. See Clear 

aligner(s), directly printed (3D 
printer).

DLP. See Digital light processing.
DMLS. See Direct metal laser sintering.
Dolphin Imaging, 45–47, 47f
Duran foils, 144

E
EBM. See Electron beam melting.
Edgewise appliance, 97–98
Elastomeric device, customized, 95, 95f
Electron beam melting, 36
Emerald S, 17f
Enlight, 115
Essix appliance, 129
EVONIK, 70
Expert systems, 206, 208
Extraoral digitization, 25–26
Extraoral radiography, 2D, 8
Extrusion attachments, 132–133

F
Face mask hooks, rapid palatal expander 

with, 78, 79f
Facial scanning, 26, 47, 48f
FDM. See Fused deposition modeling.
Field of view

cone beam computed tomography, 4–5, 
5f

intraoral scanners, 20
laboratory scanners, 25

Filament-form polyether ether ketone, 50
Fixed lingual retainer

in-house custom design of, 69–71, 
69f–71f

traditional fabrication method for, 70
Fixed orthodontic appliances

components of, 102
customization of

in-house, 99–100
lingual, 123–127, 123f–127f
overview of, 98–99
sequence involved in, 99

removable clear aligners versus, 132
Force vectorization, 201
FOV. See Field of view.
Frankel appliance

“Lego,” 94, 94f
PEEK modification of, 93
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Freeform fabrication, 31
Fused deposition modeling

Bioflex use in, 88
casts, 142
description of, 36–37, 50, 70, 184

Fused deposition modeling printer
clear aligners printed with, 142
surgical splints printed with, 88

Fused filament fabrication, 347

G
Galvanometers, 33
Gantry robots, 198
Graphy, 146–147

H
Hack Dental, 46, 47f
Hemimandibular hyperplasia, 10f
Herbst appliance, 90f
Herbst Forsus, 90f
HFUS. See High-frequency ultrasound 

scanning.
“Hidden layers,” 206
High-frequency ultrasound scanning, 27
Hybrid ceramic customized orthodontic 

brackets, 40
Hybrid ceramic resin, 59
Hybrid functional appliance, 65f
Hybrid orthodontic treatment, 120–123

I
IDB. See Indirect bonding.
Image noise, 5–6, 6f
Incognito appliance, 97
Indirect bonding

accuracy of, 157
advantages of, 158
case presentation of, 166–167, 166f–167f
definition of, 155–158
digital

advantages of, 163–164
in CAD software, 159–160
description of, 155
initial malocclusion virtual dental 

casts used in, 160–166, 161f–166
light-cured composite resin adhesive 

for, 166
local axes of teeth, 162–163, 163f
Nucera’s technique for, 167–176, 

168f–176f
“patient individualized digital indirect 

bonding,” 168, 169f, 170, 171f, 
173, 176

segmentation of teeth in, 161–162, 
162f, 168, 168f

transfer tray design, 164, 164f
virtual bracket placement in, 163f, 

163–164
workflow for, 160–166, 161f–166
working environment of, 159

direct bonding versus, 156–158
history of, 155
impressions for, 158
intraoral scanning before, 156–157, 157f
jigs for, 173–176, 175f–176f
light-cured adhesives for, 155, 166
lingual orthodontic appliances and, 158
loupe-assisted, 157
orthodontic brackets on working models 

for, 156
purpose of, 155
strength of, 156
traditional, 158–159, 159f
transfer trays

in bracket customization, 108
description of, 127, 127f
digital design of, 160, 164, 164f–165f, 

172, 173f
fabrication of, 87, 155–156, 158
mandibular dentition application of, 

167
materials used for, 88, 155–156
maxillary dentition application of, 167
negative impression, 165f–167f, 166
3D printing of, 159, 164, 165f, 166
virtual, 164, 164f–165f
window-type, 165f–166f, 166, 174f

virtual, 157f, 158
Individual wire arch form, 124–125, 125f
In-house clear aligners 

description of, 2
design and manufacturing of. See Clear 

aligner(s), in-house design and 
manufacturing of.

fabrication of, 51–52
In-house data workflow, 52
Interocclusal registration, digital, 23
Interproximal reduction

calculation of, 140f
clear aligner treatment need for, 132–133, 

140f, 144
description of, 87

Intraoral photographs, 104, 104f–105f
Intraoral scanners

accuracy of
factors that affect, 21
full-arch, 21t–22t, 21–22, 24t–25t
studies of, 21t
studies on, 21t–22t, 24t–25t
technical factors that affect, 20–21

advantages of, 23
bite registration in, 23
data capture technology used by, 20
data storage cloud with, 85
development of, 46
digital bite registration, 23
digital file formats, 19
in digital orthodontic office, 51
disadvantages of, 23
field of view, 20
image acquisition technology in, 18t, 

18–19
laboratory scanners versus, 25
limitation of, 23
mesh file formats in, 19, 19f
point cloud, 19, 19f

precision of, 20, 20f
scanning strategy of, 21
trueness of, 20, 20f
types of, 17, 17f

Intraoral scanning
benefits of, 56
cone beam computed tomography and, 

130, 131f
devices used in, 17f
before indirect bonding, 156–157, 157f
in in-house clear aligner design, 135, 136f
introduction to, 17
temporary anchorage devices, 93f

Invisalign. See also Clear aligner(s).
advantages of, 130
description of, 100, 119
mandibular advancement aligner 

appliance, 132
origins of, 129
SmartTrack foil used by, 132

IOS. See Intraoral scanning.
IPR. See Interproximal reduction.
iTero digital impression scanning system, 

17

J
Jigs

description of, 126, 165f
for indirect bonding, 173–176, 175f–176f

Joystick, 201–202, 202f

K
Kilovoltage, 7
Knowledge discovery from databases, 209

L
Labial brackets with customized 

composite bases, 114–116, 116f
Laboratory design and manufacturing, 

digital design and manufacturing 
versus, 57, 58t

Laboratory scanners, intraoral scanners 
versus, 25

Laboratory technicians, 55
LAMDA system, 196–198, 196f–198f
Lamdabot 2, 52, 198, 199f
Laminar object manufacturing, 38, 39f
Laser light scanners, 26, 27t
Laser sintering printer, 103
Laser stereolithography, 123
Lava COS intraoral scanner, 17
Layered manufacturing, 31
LCD masking, 123, 124f
LED. See Light-emitting diode.
“Lego” Frankel appliance, 94, 94f
LHA. See Lingual holding arch.
Light-cured adhesives, for digital indirect 

bonding, 155, 166
Light-emitting diode, 34
Lingual arch, 48f
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Lingual archwires
bending of, 195–196
LAMDA system for, 196–198, 196f–198f

Lingual customized brackets, 111–113, 
112f–114f

Lingual fixed appliances
advantages of, 123f
clear aligners and, 121, 121f
customization of, 123–127, 123f–127f

Lingual holding arch, 67–68
Lingual orthodontic appliances, in-house 

customized
description of, 119
hybrid orthodontic treatment, 120–123
indirect bonding and, 158
proactive treatment planning, 119–120

Lingual orthodontics, 97
“Local irigo,” 161, 161f
LOM. See Laminar object manufacturing.
Loupe-assisted direct bonding, 157, 157f
Lythos IOS, 17

M
Machine learning, 205–207, 209, 211
Maestro Dental Studio, 86, 103, 103f, 130, 

131f
Maestro desktop surface scanner, 48f
Maestro Ortho Studio 3D software, 172
Magnetic resonance imaging, 14
Mandibular advancement aligner 

appliance, 132
Mandibular anterior crowding, 120
Mandibular sagittal split osteotomy guide, 

185
Masked stereolithography, 34, 50, 142
Material extrusion, 33, 36–37
Material jetting, 33, 38
Maxillary canine impaction, 11
Maxillary molar distalization appliance, 

71, 71f–72f
Meccatronicore washing machine, 50, 50f
Memosil, 114, 158
Mesh file formats, 19, 19f
Meshlab, 103
Meshmixer

band design in, 67, 67f, 71
Boolean operations used in, 61, 101f, 

101–102
bracket customization using, 100–105, 

101f–105f, 109
Class II T-corrector design using, 75f
description of, 56, 61, 86
design costs for, 59
DIGI-TWIN appliance design in, 63, 63f
geometric shapes in, 61, 62f
resources for learning, 56, 57f
selection tool in, 62, 62f
Shapr3D iPad app with, 61
surface scanning fusion in, 79f
3D dental cast importation into, 67

Mesiodistal width of teeth, 161, 162f
Metal parts

binder jetting for producing, 38

selective laser sintering methods for 
producing, 35

Metal powders, 32
Microbiosensors, 210
Microimplants

computer-assisted placement of, using 
surgical guided stents/splints, 78, 
79f–80f, 80

OrthoEasty Pal, 78, 80f
palatal

molar anchorage appliance supported 
with, 80, 81

molar distalization appliance 
supported with, 81, 81f

Milliamperage, 7
Milling

description of, 48–50, 49f–50f
of rapid palatal expander, 70, 70f

Milling machines, 49, 49f
Miniplates, preshaped, 184–186, 185f, 187f
Miniscrew placement, cortical bone 

thickness for, 210f
MJ. See Material jetting.
ML. See Machine learning.
“Modern Begg technique,” 97, 133, 134f
Modified Nance button/appliance, 75, 78, 

78f
Molar anchorage appliance, palatal 

microimplant-supported, 80, 81
Molar distalization appliance, palatal 

microimplant-supported, 81, 81f
MoonRay S 3D printer, 164, 165f
MRI. See Magnetic resonance imaging.
MSLA. See Masked stereolithography.
Multibend system, 198, 200f
Mushroom wire arch form, 124–125, 125f

N
Negative impression transfer tray, for 

indirect bonding, 165f–167f, 166
NewTom DVT 9000, 3
Newton’s third law, 131, 133
NextDent C&B Micro Filled Hybrid resin, 

70
Nickel-titanium archwires, 102–103, 198f
Non–laser sintering printer, 51

O
Onyx Ceph, 86
Open-source software, 100, 127
ORG lingual brackets, 106, 107f
Orthoanalyzer, 48, 61
OrthoCAD, 160
Orthodontic appliances

analog, 59
Bioflex Twin Block, 94, 94f
customized, 97
customized 3D printed, 89, 89f–90f
designing of, 59
digital design and manufacturing of, 

85–87

Herbst appliance, 90f
Herbst Forsus, 90f
“Lego” Frankel appliance, 94, 94f
lingual. See Lingual orthodontic 

appliances.
novel design and materials, 93–96
printed, 59
rapid palatal expander. See Rapid 

palatal expander.
Twin Block, 63, 87, 91f
UNIKO, 95, 95f

Orthodontic laboratory
orthodontic office and, digital workflow 

between, 85
traditional, 55, 55f

Orthodontic laboratory technicians, 55
Orthodontic office

analog, 44, 44f
digital. See Digital orthodontic office.
orthodontic laboratory and, digital 

workflow between, 85
semi-analog, 45, 45f
semi-digital, 45, 45f
traditional, versus digital orthodontic 

office, 57–60
Orthodontic software

DeltaFace. See DeltaFace orthodontic 
CAD software.

Dolphin Imaging, 46, 47f
Meshmixer. See Meshmixer.

Orthodontic wires, clear aligners versus, 
131

Orthodontics
additive manufacturing in, 40–41
artificial intelligence in, 43, 45
cone beam computed tomography 

applications. See Cone beam 
computed tomography.

customization in, 40
digital evolution in, 56–57
magnetic resonance imaging in, 14
materials used in, 40
pretreatment setups in, 168
radiographic imaging in, 8
2D extraoral radiography in, 8
virtual setups in, 168

OrthoEasty Pal microimplants, 78, 80f
Orthognathic surgery

cephalometric study in, 180
computer-aided planning in, 193
conventional planning in, 180
definition of, 179
surgical planning in, 179–180
virtual planning of

case presentation of, 190f–191f
cone beam computed tomography in, 

181–182
description of, 181
digital in-house workflow for, 181–184
equipment for, 181
software programs for, 181
3D, 182, 183f–184f
3D image acquisition in, 181–182

Orthognathic surgical splints
CAD/CAM, 184
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INDEX

case presentations of, 188f–193f, 188–189
cutting guides, 184–186, 185f
definition of, 179
design of, 48f, 184, 184f
final, 179, 179f
immediate, 179, 179f
in-house design and printing of, 187b, 

193
manufacturing of, 184
preshaped miniplates, 184–186, 185f, 

187f
virtual, 179f

Orthos Titanium brackets, 166
Orthosystem, 48f

P
P4 medicine, 209
Palatal microimplant

molar anchorage appliance supported 
with, 80, 81

molar distalization appliance supported 
with, 81, 81f

Panoramic radiographs, cone beam 
computed tomography versus, 12

Paperless clinic, 56
Paperless examination, 46
PAR index. See Peer assessment rating 

index.
Partial edentulism, 21
“Patient individualized digital indirect 

bonding,” 168, 169f, 170, 171f, 173, 
176

PEEK
biocompatible, 70
Cervera appliance, 95–96, 96f
dental devices made with, 93
description of, 35, 50, 87
EVONI, 70f
fixed lingual retainer made from, 70f
Frankel appliance modification using, 

93
properties of, 93

Peer assessment rating index, 208–209
Personalized treatment, 209
PETG-based clear aligners, 151
Photopolymer resin materials, 33
Pixel size, 4
Planmeca Romexis, 45
PlanScan IOS, 17
Plastic prototypes, 38
Platform, 32
PLY. See Polygon file format.
PMMA, 87
Point cloud, 19, 19f
Polyether ether ketone. See PEEK.
Polygon file format, 19
Polymerization, vat, 33–34
Polymethyl methacrylate. See PMMA.
Polyvinyl siloxane, 158
Powder bed fusion, 33–36, 35f–36f
Power bed fusion printers, 100
Precision, of intraoral scanners, 20, 20f

Primescan, 17f
Proactive treatment planning, 119–120
PVS. See Polyvinyl siloxane.

R
Rapid manufacturing, 31
Rapid palatal expander

with buccal arms for reverse-pull 
headgear, 89f

Class II T-connector combined with, 75, 
76f

design of, 68–69, 68f–69f
digital design and printing of, 88–89, 

88f–89f
with face mask hooks, 78, 79f
3D printing of, 69f, 88f
3D sintering of, 89
thumbsucking habit appliance with, 

75, 77f
with tongue shield, 89f

Rapid prototyping, 31
Removable retainers, 55
Resin curing, postprinting, 100
Resin polymers, 70
Reverse-pull headgear, rapid palatal 

expander with buccal arms for, 89f
Ring artifacts, 6
Robots, in-house wire-bending

clinical practice applications of, 202–203
description of, 51, 99
joystick, 201–202, 202f
LAMDA, 196–198, 196f–198f
software for, 201
summary of, 203
Verdopplerbot system, 200f, 200–201

Root fenestrations, 10, 12f
Root resorption, 10–11, 11f
RP. See Rapid prototyping.
RPE. See Rapid palatal expander.
RST/DXD file formats, 19

S
Scanned stone casts, 86
Scanners, intraoral. See Intraoral 

scanners.
Scanning time, 6–7
Segmentation

definition of, 207
fully automatic, 208f
manual, 207f–208f
of teeth

in digital indirect bonding, 161–162, 
162f, 168, 168f

in in-house clear aligner design and 
manufacturing, 135, 136, 136f

in 3D medical imaging, 207
Selective laser melting

description of, 35–36, 38, 101, 109
postprinting procedure for, 59

Selective laser sintering, 33–36, 35f–36f

Self-ligating orthodontic brackets, 98
Semi-analog orthodontic office, 45, 45f
Semi-digital orthodontic office, 45, 45f
Sensor technology, 210–211
Shapr3D iPad app, 61
Sheet lamination, 33, 38, 39f
Skull, 3D volume rendering of, 11, 12f
SLA. See Stereolithography.
Sleep apnea, 10
SLM. See Selective laser melting.
SLS. See Selective laser sintering.
Smile Direct Club, 129
Software

artificial intelligence, 211
CAD. See CAD software.
orthodontic. See Orthodontic software.
treatment simulation, 46, 47f

Sopha system, 17, 49
Spatial resolution, 5, 6f
Splints

hard material for, 88
surgical. See Surgical splints, 

orthognathic.
SprintRay, 164
Stanford triangle format, 19
Stereolithography

applications of, 33
history of, 32
illustration of, 34f
laser, 123
masked, 34, 50, 142
mechanism of, 33, 124f

Stereolithography printers, 50, 59
Stereolithography printing

description of, 142
of window-type indirect bonding 

transfer trays, 173f
Stereophotogrammetry, 26, 27t
STL files, 19, 19f, 32, 46, 160
Straight wire arch form, 124–125, 125f, 171f
Straight-wire appliances, 97–98, 167, 170
Structured light scanners, 26, 27t
Subtractive manufacturing, 48–50, 49f–50f
Supervised machine learning, 205
SureSmile, 160, 195
Surface scanning, 46–47, 48f
Surgical guided stents/splints, 78, 79f–80f, 

80
Surgical simulation, virtual, 182
Surgical splints, orthognathic

CAD/CAM, 184
case presentations of, 188f–193f, 188–189
cutting guides, 184–186, 185f
definition of, 179
design of, 48f, 184, 184f
fabrication of, 52
final, 179, 179f
immediate, 179, 179f
in-house design and printing of, 187b, 

193
manufacturing of, 184
preshaped miniplates, 184–186, 185f, 

187f
virtual, 179f
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T
TAD. See Temporary anchorage devices.
T-corrector, 73–75, 74f–76f
Teeth

local axes of, 162–163, 163f
segmentation of. See Segmentation, of 

teeth.
Teledentistry, 211
Teleorthodontics, 211
Temporary anchorage devices

Beneslider with, 91, 92f
description of, 9
Tomas, 91

Temporomandibular disorder splints, 88
Temporomandibular joint, 10, 11f
Thermally activated adhesives, 155
Thermoforming foil, 132
Thermoforming machine, 50
Thermoforming/thermoformed clear 

aligners
description of, 132, 142
directly printed aligners versus, 148, 151

Thermoplastic foils, 63
3D cephalometry, 13–14
3D face scanners, 13
3D imaging, cone beam computed 

tomography with, 12–13
3D photographs, cone beam computed 

tomography and, 13, 13f
3D printers

appliances created using, 99–100
in dental laboratories, 49
in-house, 99

3D printing. See also Additive 
manufacturing.

advantages of, 59, 210
biocompatible materials used in, 59
of brackets, 103–104, 104f–105f
of Class II T-corrector, 75f
of clear aligners. See Clear aligners, 

directly printed (3D printer).
description of, 31
of DIGI-TWIN appliance, 64, 66f
of indirect bonding transfer trays, 159, 

164, 165f
industrial applications of, 32
limitations of, 39
materials used in, 32, 87–88
origins of, 32
of orthodontic appliances, 89, 89f–90f
orthognathic surgical splints, 184
parts created with, 32, 34f
potential of, 39–40
of rapid palatal expander, 69f, 88f
resin curing after, 100
workspace, 32

3D printing technologies
binder jetting, 33, 37–38
direct energy deposition, 33, 38

fused deposition modeling, 36–37, 70
history and overview of, 32–33
material extrusion, 33, 36–37
material jetting, 33, 38
powder bed fusion, 33–36, 35f–36f
progress of, 32
selective laser sintering, 33–36, 35f–36f
sheet lamination, 33, 38, 39f
stereolithography. See 

Stereolithography.
vat polymerization, 33–34

3D scanning, 104, 105f
3Shape Ortho System

description of, 85–86, 86f
rapid palatal expander designed using, 

88f
Thumbsucking habit appliance, 75, 77f
Tip-Edge appliance, 97, 134f
Titanium

description of, 87
nickel-titanium archwires, 102–103, 198f

Titanium-molybdenum alloy wires, 198
TMA wires. See Titanium-molybdenum 

alloy wires.
Tomas temporary anchorage devices, 91
Tongue shield, rapid palatal expander 

with, 89f
Transfer trays for indirect bonding. See 

Indirect bonding, transfer trays.
Treatment planning

artificial intelligence for, 207–209
proactive, 119–120

Treatment simulation software, 46, 47f
Triangulated models, 32
TRIOS 3, 19f
TRIOS 4, 17f
True Definition IOS system, 17
Trueness, 20, 20f
Twin Block

Bioflex, 94, 94f
description of, 63, 87, 91f

2D cephalometric facial analysis tracing, 
179, 180f

2D extraoral radiography, 8

U
UAM. See Ultrasonic additive 

manufacturing.
UBrackets

bracket(s), 109–111, 110f–111f
bracket bases, 106–109, 107f–109f
case reports of, 111–116, 112f–117f
description of, 2, 99, 106
labial brackets with customized 

composite bases, 114–116, 116f
lingual customized brackets created 

using, 111–113, 112f–114f

UI-STP protocol. See Upper incisor to soft 
tissue plane protocol.

Ultrasonic additive manufacturing, 38
Ultraviolet postcuring machine, 50, 50f
Undigitization

of customized brackets’ 3D files, 99
definition of, 43
of digital indirect bonding, 159–160, 164
illustration of, 43f

UNIKO appliance, 95, 95f
Unsupervised machine learning, 205
Upper incisor to soft tissue plane protocol, 

182, 183f
UV postcuring machine. See Ultraviolet 

postcuring machine.

V
Vacuum thermoforming, 142
Vat polymerization, 33–34
Verdopplerbot system, 200f, 200–201
Virtual articulator, digitized dental arches 

on, 23, 23f
Virtual brackets, 163f, 163–164, 171f
Virtual patient, 26, 52
Virtual planning of orthognathic surgery. 

See Orthognathic surgery, virtual 
planning of.

Virtuo Vivo, 17f
VistaDent, 45
Visual treatment objective, 14
Volume scanning, 4, 9
Voxels, 4f
VTO. See Visual treatment objective.

W
“Watermelon seed effect,” 132–133, 135
White-light scanners, 26
Window-type transfer tray, for indirect 

bonding, 165f–166f, 166, 174
Wire-bending robots, in-house

clinical practice applications of, 202–203
description of, 51, 99
joystick, 201–202, 202f
LAMDA, 196–198, 196f–198f
software for, 201
summary of, 203
Verdopplerbot system, 200f, 200–201

Workspace, 32

X
X-ray detector, 4
X-ray source, rotating, 3, 3f–4f
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