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The fi rst edition of Clear Aligner Technique has 
become the authoritative text on clear aligner treat-
ment since it was published in English in 2018. The 
world of clear aligners has changed exponentially 
since then, with numerous clear aligner systems in 
the market today. And yet the principles of moving 
teeth—such as biomechanics, anchorage, and 
occlusion—based on a proper diagnosis and treat-
ment plan remain timeless. This textbook should 
be a valuable resource to any clinician, regardless 
of the aligner system employed in their practice, 
as the principles of moving teeth and staging tooth 
movements with aligners described in this text may 
be applied universally to any aligner system. 

This second edition of Clear Aligner Technique is 
a beautifully updated version of the original and 
defi nitive text on clear aligner treatment. Chapter 
3 on case selection and chapter 4 on digital work-
fl ow have been completely rewritten to refl ect the 
integration of digital imaging, 3D CBCT treatment 
planning, and treatment visualization. In the chap-
ters on Class II and Class III treatment, the concept of 
combining anteroposterior (AP) protocols with verti-
cal protocols for deep bite and open bite treatment 
is introduced to assist the clinician in formulating an 
eff ective treatment plan for diff erent types of maloc-
clusions. An entire chapter is also devoted to Class 
II growth modifi cation with clear aligners. Finally, 

the last section of the textbook is entirely new with 
a focus on early interceptive treatment including 
maxillary skeletal expansion. There are a total of 
32 case reports to illustrate the principles taught in 
the text. Each case report has a QR code that leads to 
an accompanying video that demonstrates the digi-
tal treatment plan design, including staging patterns, 
attachment design, and fi nal occlusal plan. In the 
years since the fi rst edition, numerous research 
studies that contribute to our understanding of how 
clear aligners work have been published. As such, 
the bibliography has been updated to refl ect these 
latest research publications.

In our rapidly evolving world with artifi cial intel-
ligence, 3D simulations for both soft tissue and 
tooth movements with CBCT integration, and 
improved software algorithms, we are now able to 
treat almost every type of malocclusion with clear 
aligners. More complex cases may be treated with 
a hybrid approach in conjunction with auxiliaries 
like segmental brackets or temporary anchorage 
devices. There is limitless potential for the future 
of orthodontics. Integrating digital technology 
into our orthodontic practices helps us deliver 
superior clinical outcomes. I invite you to step into 
the future of digital orthodontics in clear aligners 
together with me. 

The future is clear!

Preface
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In this chapter:

Fixed Appliances 1

Clear Aligners 3

Future Directions 4

A BRIEF HISTORY OF THE 
ORTHODONTIC APPLIANCE

Fixed Appliances

The history of orthodontics dates back more than 2,000 years, making 
it the oldest specialty in the field of dentistry. Around 300 to 500 BC, 
Hippocrates and Aristotle reflected on different ways to straighten 
teeth and address various other dental conditions. Excavations from 
the Etruscan period revealed human mandibles with wire ligatures 
and bands splinting teeth together (Fig 1-1). In 1728, Pierre Fauchard, 
known as the “father of modern dentistry,” published a book called 
The Surgeon Dentist. In the chapter on orthodontics, he proposed a 
horseshoe-shaped piece of precious metal that helped to expand 
the dental arch, known as Fauchard’s bandeau (Fig 1-2). It was ligated 
to the teeth with wire ligatures and expanded the dental arches to 
move the teeth into alignment.

1

a b

FIG 1-1 (a and b) Excavations from the Etruscan period showing metal bands and gold wire ligatures splinting teeth together.
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In 1901, Edward Angle founded the first school 
of orthodontics in St Louis, Missouri. Angle devised 
a simple classification for malocclusion that is 
commonly used today. In the early 1900s, fixed 
appliances were known as the “ribbon arch” appli-
ance and consisted of gold bands formed around 

individual teeth with brackets soldered onto the 
band (Fig 1-3). Wire ligatures and pins were used 
to secure the archwire to the bracket. Precious 
metals that were soft and malleable such as gold 
and silver-nickel alloy were used.

By the 1950s and 1960s, these once relatively expen-
sive bands were being made out of stainless steel (Fig 
1-4). Full-arch banded appliances remained the norm 
until the innovation of direct bonding allowed ortho-
dontists to directly bond a bracket onto enamel. At that 
time, the fixed edgewise appliance was known as a 
“zero-degree” appliance. The orthodontist had to make 
first-order (in-and-out or labiolingual), second-order 
(tip), and third-order (torque) bends in the archwire 
to finish the occlusion.

In 1970, Dr Lawrence Andrews proposed building 
the in-and-out, tip, and torque into the appliance 
itself, either into the bracket base or the bracket 
slot. This eliminated the need to make bends in the 
archwire. This became known as the “straight-wire” 
appliance and remains the standard of fixed appli-
ances used today (Fig 1-5). There are now many 
different bracket prescriptions with varying degrees 
of tip and torque available. Clinicians can choose 
the bracket prescription based on their preference, 
their orthodontic philosophy, and the treatment 
mechanics employed to move teeth.

In 1975, two orthodontists, one American and 
the other Japanese, independently developed a 
bracket and wire system that could be placed on 
the lingual surfaces of teeth. “Lingual braces,” as 
they were known, became an esthetic alternative 
for patients who did not want the brackets to be 
visible. Lingual bracket systems have also evolved 
over time to include digital computer imaging to 
assist with custom-fabricated bracket bases and 
archwires (Fig 1-6).

As the quest for a more esthetic orthodontic 
appliance progressed, sapphire and ceramic brack-
ets became available in the early 1990s. Around the 
same time, new archwires with elastic and thermal 
properties such as nitinol, titanium molybdenum 
alloy (TMA), and heat-activated nickel-titanium 

FIG 1-2 Fauchard’s bandeau.

FIG 1-3 Pin and tube design of the “ribbon arch” appliance.

FIG 1-4 Full-banded stainless steel appliances.
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Clear Aligners

eliminated the need to make complex loops and 
bends in the archwire. Today there are a plethora 
of variations of the standard twin bracket avail-
able; there are self-ligating and non–self-ligating 
brackets, brackets with different prescriptions, and 
brackets made of different materials (metal, plas-
tic, ceramic). The latest evolution in bracket varia-
tion is 3D-printed custom brackets. Innovations in 
digital technology and the field of 3D printing now 
enable the final occlusion of the patient to be set 
up in a treatment planning software. Based on the 
final occlusion, brackets can be 3D printed with a 
customized prescription and custom bracket base, 
designed specifically for the patient’s individual 
tooth morphology and final occlusion (Fig 1-7).

As we trace the evolution of the orthodontic appli-
ance over the last 100 years, we can see a distinct 
shift toward an orthodontic appliance that is more 
esthetic, more hygienic, occupies less surface area 
on the teeth, is able to accurately move teeth into 
the final occlusion with compatible biologic forces, 
and is customized for each unique individual patient. 

Clear Aligners

The history of clear aligners can be traced back to 
1945, when Dr H. D. Kesling first proposed a clear, 
vacuum-formed tooth-positioning appliance for 
minor tooth movement. It was a labor-intensive 
process that required manually repositioning teeth 
reset in wax, and a clear vacuum-formed retainer 
was made for every tooth movement in a series of 
stages until the teeth were aligned. This technique 
was capable of minor tooth alignment. However, 
the amount of labor required for the task precluded 
its use on a wide scale, particularly for correction 
of more complex malocclusions.

Another half-century went by until two graduate 
students at Stanford University in 1997 applied 3D 
computer imaging graphics to the field of orthodon-
tics and created the world’s first mass-produced, 
customized clear aligner system. This new technology 

FIG 1-5 Direct bonded straight-wire metal fixed appliance. 

NEW image

FIG 1-6 Lingual bracket system.

FIG 1-7 Custom 3D-printed brackets from LightForce 
Orthodontics.
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revolutionized the world of dentistry and orthodontics, 
launching it into the 21st century and the digital age. 

There is a distinct difference between evolution-
ary change and revolutionary change. Evolutionary 
change comprises incremental changes that take 
place gradually over time. The evolution of fixed 
appliances represents variations and incremental 
improvements to a bracket and wire system that 
has taken place over the last 100 years. Revolution-
ary change, in contrast, is transformational change. 
It is profound, dramatic, and disruptive. Revolu-
tionary change challenges conventional thinking 
and requires a radical paradigm shift in our mind-
set. Clear aligner technology represents a revolu-
tionary, transformational change in orthodontics 
that challenges the conventional thinking of how 
orthodontists move teeth. However, the advent of 
clear aligner technology does not mean that 150 
years of orthodontic principles are no longer valid. 
The time-tested principles and concepts of bone 
biology, biomechanics, anchorage, and occlusion 
still apply. However, in this 21st century of digital 
technology, the clinician must now learn to apply 
those principles of orthodontics to the field of clear 
aligner technique.

Clear aligners have already evolved since they 
were released to the market in 1999. In the early 
days of clear aligners, most clinicians understood 
them to be an orthodontic appliance that was suit-
able for the treatment of Class I cases with minor 
crowding, resolved primarily with interproximal 
reduction. Today, clear aligners from Align Technol-
ogy are made of a new tripolymer plastic and make 
use of optimized attachments with force activations 
built into the design of the aligner itself (Fig 1-8). 
The teeth are moved according to sophisticated 
computer algorithms developed in the software 
program. Currently most aligners on the market 
are thermoformed, but the future will be in 3D 
printing the actual aligner itself. There are many 
clear aligner systems being developed all over the 
world, and it is evident that this will be the future 
of orthodontics.

It is important to understand that clear aligner 
treatment is a technique, not a product. There is 
a common misconception that clear aligners are a 
“compromise” orthodontic appliance that is only 
capable of minor tooth movement. However, the 
clear aligner system of today is a comprehensive 
orthodontic appliance capable of treating a wide 
range of malocclusions. The remaining chapters 
of this text discuss the principles of clear aligner 
technique and lead the clinician through a process 
of learning how to apply the principles of orthodon-
tics to clear aligner technique.

Future Directions

As we look toward the future evolution of ortho-
dontics, the ideal orthodontic appliance could be 
conceived as a custom-made orthodontic appliance 
made to adapt to individual tooth morphology and 
anatomy. It would be customized to move each 
individual tooth with the exact amount of force 
required to move it based on the tooth morphol-
ogy and root surface area. It would have custom-
ized biomechanics and would be able to adjust the 
rate of tooth movement according to the individ-
ual’s bone physiology. The final occlusal outcome 
would be customized according to the individual’s 
dental arch form, smile esthetics, and soft tissue lip 
support. The tip, torque, in-and-outs, and occlusal 

FIG 1-8 Clear aligners.
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contacts would be designed uniquely for each 
individual. This ideal appliance would be esthetic, 
hygienic, and comfortable and would accomplish 
correction of the malocclusion in the shortest time 
frame possible.

In reality, the future evolution of orthodontics 
has already arrived in the present, as clear align-
ers utilize digital technology together with CBCT 
integration for diagnosis, treatment planning, and 
designing the final occlusal outcome. To a certain 
degree, it is possible to customize the biome-
chanics and manage anchorage by staging tooth 
movements in a specific sequence in the software 
program. The rate of tooth movement may also be 
adjusted according to the individual’s bone phys-
iology by altering the scheduled number of days 
for aligner changes, depending on the individual’s 
response to tooth movement. The final occlusion 
setup in the software may be customized according 
to the individual’s dental arch form and preferences 
for smile esthetics. Soft tissue facial scanners allow 
for integration of the patient’s soft tissue data with 
software programs that move teeth, allowing us 
to design an esthetic, harmonious smile that is 
customized for an individual’s face.

If the future is already here, where do we go now? 
As orthodontists, it takes courage to step outside our 
comfort zone of the familiarity of brackets and wires 
to embrace a new orthodontic technique. It takes 
vision to challenge the status quo of conventional 
orthodontic thinking. It takes innovation to think of 
new ways of moving teeth. Finally, it takes diligence 
and time to produce well-designed scientific research 
in the field of clear aligners so that we can continue 
to practice clinically sound, evidence-based ortho-
dontics. The future lies in continuing to innovate with 
passion to transform the future of our profession.
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spacing, 102
simulation jump, 161–167, 

162f–166f, 162t, 190
Class II malocclusion

anterior open bite correction in
case examples of, 151–153, 

152f–153f, 178–181, 
179f–181f

sequential distalization for, 178–
181, 179f–181f

with bilateral posterior crossbite 
and anterior open bite, rapid 
maxillary expansion in, 239, 
240f–241f

clear aligner mandibular 
advancement for, 191, 
192f–195f, 196–197, 197f–199f, 
200, 201f–204f

correction/treatment of
anteroposterior, 158–160
attachments, 170
button cutouts, 158–159
case selection for, 155–156, 

156f–157f
elastic simulation jump, 161–167, 

162f–166f
extraction patterns, 156, 156f
flow chart, 156f
functional appliances for, 183
indications for, 157t
innovations in, 158f
posterior interproximal 

reduction, 160f, 161
precision cuts, 158, 158f, 170, 

172f, 176
root control attachments in, 160
sequential distalization, 167–181, 

168f–169f
with crowding, 117, 118f–120f, 200, 

201f–204f

deep bite in
case report of, 131–133, 

132f–133f
with crowding, 117, 118f–120f

dental, 156
diagnosis of, 155–156, 156f–157f
digital treatment plan for, 160, 160f
division 1

clear aligner mandibular 
advancement for, 191, 
192f–195f

with sequential distalization, 
170–173, 171f–173f

division 2, with sequential 
distalization, 174–177, 
175f–177f

full-cusp, clear aligner mandibular 
advancement for, 196–197, 
197f–199f

growth modification with 
clear aligners. See Growth 
modification with clear 
aligners.

hyperdivergent skeletal pattern, 
189–190, 190f

hypodivergent skeletal pattern, 
189–190, 190f

maxillary arch crowding with, 200, 
201f–204f

rapid maxillary expansion in, 
230–231

skeletal, 156
skeletal discrepancy in, 156, 157f
with spacing, 102, 103f–104f

Class III malocclusion
anterior crossbite with, 71
correction/treatment of

anteroposterior, 210–211
attachments, 221, 224
digital treatment plan for, 211
elastic simulation jump for, 212–

219, 214f–215f, 217f–218f
indications for, 210t
mandibular interproximal 

reduction case examples, 
213–218, 214f–215f, 
217f–218f

posterior interproximal reduction 
for, 211

precision cuts, 221, 224
principles of, 219, 228
sequential distalization of 

mandibular molars for,  
219–228, 222f–223f, 
225f–227f

dental, 263–264
diagnosis of, 207–208, 208f–209f

digital treatment plan for, 211
maxillary posterior mesialization 

for, 69, 69f
mixed dentition, 273, 274f–275f, 

276, 277f–278f
rapid maxillary expansion in, 231, 

273, 274f–275f, 276, 277f–278f
skeletal, 23, 207–208, 209f, 263
with spacing, 105, 106f–107f

Clear aligner(s)
activations, 41
additional, 33
adjustment appointments for, 

32–33
anchorage with, 10, 10f–11f
biomechanics of, 14–15
case selection for. See Case 

selection.
Class II elastic treatment with, 162
deep bite malocclusions treated 

with, 126
dynamic aligner change, 32, 32t
engagement of teeth with, 8–9, 

10f, 38
extrusion with, 11t, 12, 12f
fixed appliances and, comparison 

between, 7t, 8f–14f, 8–16, 11t
force, 7t, 8, 9f
growth modification with. See 

Growth modification with clear 
aligners.

history of, 3–4, 4f, 38
illustration of, 4f
incisor inclination, 14t, 15
indications for, 24, 24b
insertion of, 32
intrusion with, 11t, 12f–13f, 13
lack of space in, for arch length 

reduction, 88
mandibular advancement with. 

See Mandibular advancement 
with clear aligners; see also 
Growth modification with clear 
aligners.

midline correction with, 14t, 15
power ridge feature of, 13, 13f
proactive approach used in, 16
root inclinations, 11t, 14, 14f
teeth not fitting into, 75–77
thickness of, 87–88
tooth movement with, 4–5, 8, 9f
tooth size discrepancy, 14t, 15
torque with, 11t, 13–14, 14f
trimming of, 79, 79f
vertical control, 14t, 15

Compliance, of patient, 34t
Consultation, new patient, 28–30
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Crossbite
anterior, early interceptive 

treatment for Class III mixed 
dentition malocclusions with, 
265, 266f–268f, 269, 270f–272f

description of, 20–21, 59, 71
posterior, 236, 237f–238f

Crowding
arch length discrepancies as cause 

of, 17, 99
Class I malocclusion with

anterior open bite in, 148–150, 
149f–150f

case report of, 113–116, 
114f–116f

early interceptive treatment for, 
250, 251f–252f

mixed dentition, 113, 114f–116f, 
250, 251f–252f

Class II malocclusion with
clear aligner mandibular 

advancement, 200, 
201f–204f

deep bite, 117, 118f–120f
description of, 17
expansion for, 108–109
interproximal reduction for, 50, 

110–112, 111f–112f
maxillary arch, 82f–83f, 200, 

201f–204f
premolar extractions for, 17
principles for, 121
proclination for, 110
treatments for, 99

Curve of Spee, 13, 13f, 116f, 185, 188

D
Deep bite

buccally erupted mandibular right 
canine with, 134, 135f–136f

causes of, 125
correction of

anchorage in, 126, 126f
attachment design for, 127
biomechanics for, 125
in Class I malocclusion, 129–130
in Class II malocclusion, 131–133
clear aligners for, 126
degree of difficulty for, 19f
innovations for, 123–125, 124f
precision bite ramps, 124f, 124–

126, 133f
pressure areas, 123, 124f, 127
skeletal pattern considerations 

in, 125–126
staging tooth movements for, 

60–61, 127–128

description of, 19
diagnosis of, 125–126
digital treatment plan for, 126–128, 

134, 135f–136f
hypererupted, retroclined 

maxillary incisors with, 60f, 
60–61

overtreatment of, 95
prescription form for, 125f

Deep overbite and increased 
overjet, Class II mixed dentition 
malocclusions with, 255, 
256f–258f, 259–260, 260f–262f

Dental anteroposterior discrepancy,  
21, 22f

Dental camouflage, 23
Dental expansion, 108
Dental midline

correction of, 14t, 15, 111
facial midline in relation to, 100, 100f

Digital radiography, 27
Digital scans, 27, 30, 33
Digital software design/plan

for clear aligner mandibular 
advancement, 185–188, 
185f–188f

for crowding, 109
for Invisalign First system, 242, 244

Digital treatment plan
animation and staging tab in, 46
for anterior open bite, 141–144, 

142f–143f
attachment design review, 49, 49f, 56
CBCT integration, 27f, 52, 52f–54f,  

168, 220
for Class I malocclusion with 

crowding, 115f
for Class II malocclusion, 104f, 160, 

160f, 211
for Class III malocclusion with 

spacing, 106f
comments tab in, 44, 45f
for deep bite, 126–128, 134, 

135f–136f
final occlusion in, 46–47, 47f, 54
generating of, 43
individual tooth position review, 

55–56
initial occlusion, 44, 45f
interproximal reduction review, 

49–51, 51f, 55
modification to, 54b, 54–56
precision cuts, 51, 51f, 56
review and approval of, 31, 43–51, 

44b, 45f–51f
setting up, 68–69, 69f
stages in treatment, 44, 46

superimposition tool, 47, 48f
3D controls in, 38, 55f
Tooth Movement Assessment in, 

47, 48f
Digital treatment planning

advantages of, 37
aligner activations, 41
attachments, 38–41, 39f–41f. See 

also Attachments.
in digital workflow, 31
software design in, 37–38

Digital workflow
additional aligners, 33
clear aligner adjustment 

appointments, 32–33
digital scans, 33
digital treatment plan review and 

approval, 31
elements of, 28b
flow chart of, 28f
new patient consultation, 28–30
orthodontic records, 30–31
posttreatment records, 33
retention, 33

Dimple pliers, 91–92
Distalization

en masse. See En masse 
distalization.

sequential. See Sequential 
distalization.

staging tooth movements for, 
58–59, 59f–60f

Dolichofacial pattern, 125
Dynamic aligner change, 32, 32t

E
Early interceptive treatment

Class I mixed dentition 
malocclusions

deep bite and moderate 
mandibular arch crowding, 
247, 248f–249f

description of, 246
severe crowding, 250, 251f–252f

Class II mixed dentition 
malocclusions

description of, 254
increased overjet and deep 

overbite, 255, 256f–258f, 
259–260, 260f–262f

Class III mixed dentition 
malocclusions

anterior crossbite, 265, 
266f–268f, 269, 270f–272f

description of, 263–264
diagnosis of, 263t
flow chart for, 263f
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rapid maxillary expansion and 
protraction facemask, 273, 
274f–275f, 276, 277f–278f

comprehensive approach to, 229–
230, 230f

Invisalign First system. See 
Invisalign First system.

Invisalign Palatal Expander system. 
See Invisalign Palatal Expander 
system.

objectives of, 230
rapid maxillary expansion. See 

Rapid maxillary expansion.
rationale for, 229–230

Elastic simulation jump
Class II, 161–167, 162f–166f
Class III, 212–219, 214f–215f, 

217f–218f
Ellipsoid attachments, 39, 39f
En masse distalization

for Class II malocclusion, 167
for Class III malocclusion, 219
sequential distalization versus,  

64–65, 65f
staging tooth movements for, 

64–65, 65f
temporary anchorage devices for,  

167, 219
Engagement, 7t, 8f–9f, 8–9
Eruption compensation, 244, 245f
Expansion

crowding treated with, 108–109
rapid maxillary. See Rapid maxillary 

expansion.
skeletal, 108–109
staging tooth movements for, 

58–59, 59f–60f
Extrusion

attachments for, 41, 42f
description of, 11t, 12, 12f
maxillary lateral incisors, 79f
posterior, for posterior open bite, 90
programming of, into aligner, 75, 76f
relative, 41
relative, of incisors, 140, 140f

Extrusive elastics, 82–83

F
Facial midline, 100, 100f
Finishing

dimple pliers for, 91–92
principles of, 95
thermal pliers for, 91–92, 92f
virtual c-chains for, 93f, 93–94

Fixed appliances
anchorage with, 7t, 9–11, 11f
clear aligners and, comparison 

between, 7t, 8f–14f, 8–16, 11t

engagement of teeth with, 8–9, 9f
extrusion, 11t, 12, 12f
force, 7t, 8, 8f
incisor inclination, 14t, 15
intrusion, 11t, 12f, 12–13
midline correction with, 14t, 15
root inclinations, 11t, 14
tooth size discrepancy, 14t, 15
torque, 11t, 13–14, 14f
vertical control with, 14t, 15

Fixed retainers, 96
Force, 7t–8t, 8, 8f, 77–78
Force couple, 79–80

G
G8 innovation, 109, 109f
G6 Maximum Anchorage Protocol, 

11f
G series innovations, 139
Growth modification with clear 

aligners
case selection criteria, 184
contraindications for, 184
indications for, 184, 184b
mandibular advancement case 

reports, 191, 192f–195f,
	 196–197, 197f–199f, 200, 

201f–204f
principles of, 190
review of, 183–184

H
Horizontal rectangular attachments, 

39, 39f
Hyperdivergent skeletal pattern, 125

I
IMPA. See Incisor mandibular plane 

angle.
Incisor(s)

inclination of, 14t, 15
mandibular. See Mandibular 

incisors.
maxillary. See Maxillary incisors.
proclination of, 100, 101f
relative extrusion of, 140, 140f

Incisor mandibular plane angle, 14
Initial occlusion, 44, 45f
In-office digital printing, 31
Interproximal caries, 29f
Interproximal contacts, 35t
Interproximal enamel reduction. See 

Interproximal reduction.
Interproximal reduction

amount of, 50
clear aligner need for, 38
crowding treated with, 110–112, 

111f–112f

description of, 17
digital treatment plan review of, 

49–51, 51f, 55
gauges for measuring, 111, 111f
location of, 50

case selection criteria, 184
contraindications for, 184
indications for, 184, 184b
mandibular advancement case 

reports, 191, 192f–195f, 
196–197, 197f–199f, 200, 
201f–204f

principles of, 190
review of, 183–184

mandibular, for Class III 
malocclusion correction, 213–
218, 214f–215f, 217f–218f

measurement of, 111, 111f
posterior. See Posterior 

interproximal reduction.
technique for, 111f, 111–112
timing of, 50–51

Intrusion
anterior, for posterior open bite, 

90–91
attachments for, 42, 42f
causes of, 77f
description of, 11t, 12–13, 13f
maxillary lateral incisors, 77f–78f, 

77–79
posterior, 140
precision bite ramps for, 42f
pressure areas for, 42f, 123, 124f

Invisalign First system
aligner engagement in, 242, 245f
arch length, 244, 245f
Class I malocclusion with unilateral 

posterior crossbite treated 
with, 236, 237f–238f

Class II malocclusion with bilateral 
posterior crossbite and 
anterior open bite treated 
with, 239, 240f–241f

clinical preferences for, 242, 243f
clinical protocols for, 244–245
dental arch expansion in, 242
digital software design for, 242, 244
eruption compensation with, 244, 245f
features of, 242
mandibular advancement with, 255
retention with, 242, 245, 245f
staging arch expansion in, 242
staging pattern with, 242, 245f
tooth size discrepancy, 242

Invisalign Outcome Simulator, 29
Invisalign Palatal Expander system

case selection criteria for, 232f, 
232–233
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Class I malocclusion with unilateral 
posterior crossbite treated 
with, 236, 237f–238f

Class II malocclusion with bilateral 
posterior crossbite and 
anterior open bite treated 
with, 239, 240f–241f

Class III malocclusion, 273, 
274f–275f, 276, 277f–278f

clinical protocol for, 234
components of, 231
composites used with, 231t
illustration of, 231f
midpalatal suture separation with, 

234f, 234–235
Invisalign with Mandibular 

Advancement, 156, 183–184
IPR. See Interproximal reduction.
iTero 5d intraoral scanner, 29
iTero Outcome Simulator, 31f

L
Lingual bracket system, 2, 3f
Lingual root torque, 42, 43f
Lingually displaced teeth, 58, 58f

M
Malocclusion

anterior open bite, 20
Class I. See Class I malocclusion.
Class II. See Class II malocclusion.
Class III. See Class III malocclusion.
clear aligner indications for, 7, 24, 24b
deep bite, 19

Mandibular advancement with clear 
aligners

additional aligner phase after 
completion of, 190

advancement phase of, 186–189
appliance for, 184f
assessing completion of 

advancement phase, 189
Class II malocclusion treated with, 

191, 192f–195f, 196–197, 
197f–199f, 200, 201f–204f

description of, 23
digital software plan for, 185–188, 

185f–188f
functional appliances versus, 187
in hyperdivergent and 

hypodivergent skeletal 
patterns, 189–190, 190f

passive aligners with precision 
wings used after, 188, 188f

precision cuts, 186–187
vertical control, 189
vertical elastics with, 187, 187f

Mandibular Anterior Repositioning 
Appliance, 156

Mandibular arch
button cutouts in, 159
interproximal reduction in, 51f
precision-cut hooks in, 158
spacing in, 71

Mandibular canines
buccally erupted, mature adult 

severe deep bite malocclusion 
with, 134, 135f–136f

optimized attachments for, 40f
Mandibular incisors

CBCT of, 53f
inclination of, 110
intrusion of, superimposition tool 

showing, 48f
optimized attachments for, 40f
proclination of, 101f, 110, 159
round tripping of, 67, 68f
spacing between, 101f
torque, 100, 101f
vertical rectangular attachment 

on, 43f
Mandibular interproximal reduction, 

for Class III malocclusion 
correction, 213–218, 214f–215f, 
217f–218f

Mandibular molars
buccal cusps of, 234f
distalization of, 65f, 219–228
first, 234
optimized attachments for, 40f, 43f
posterior, mesialization of, 69, 69f
second

description of, 143
intrusion of, with maxillary 

second molar extrusion, 63, 
64f

sequential distalization
for Class III malocclusion 

correction/treatment, 219–
228, 222f–223f, 225f–227f

third molars, 220, 220t, 228
Mandibular premolars, optimized 

attachments for, 40f, 43f
Mandibular retrognathia, 156, 157f, 

183, 192f
Mandibular teeth

optimized attachments for, 40f
posterior, 140

Maxillary arch
button cutouts in, 158–159
crowding of, 82f–83f, 200, 

201f–204f
expansion of, 95
precision-cut hooks in, 158
sequential distalization in, 64, 66f

Maxillary canines
optimized attachments for, 40f
rotation of, 81f

Maxillary expanders, with temporary 
anchorage device assistance, 109

Maxillary expansion, rapid. See Rapid 
maxillary expansion.

Maxillary incisors
central

with spacing, 101f
staging tooth movements for 

uneven movement of, 61, 
62f–63f

extrusion of, 12f
hypererupted, retroclined, 60f, 

60–61
lateral

extrusion of, 79f
undesirable intrusion of, 77f–78f, 

77–79
optimized attachments for, 40f
proclination of, 110
retraction of, superimposition tool 

showing, 48f
tipping of, 42f
torque, 100, 101f

Maxillary molars
lingual cusps of, 234f
optimized attachments for, 40f, 43f
second, 143

buccally erupted, 68–69, 69f
extrusion of, with concurrent 

mandibular second molar 
intrusion, 63, 64f

sequential distalization of, 10, 10f, 
167–168, 169f, 169t

Maxillary premolars
optimized attachments for, 40f, 43f
second, 80f

Maxillary retrusion, Class III skeletal 
pattern with, 23

Maxillary teeth
esthetic positioning of, 55
optimized attachments for, 40f
posterior, 140

Maxillomandibular protrusion, 54f
Mesiodistal root inclinations, 42
Midpalatal suture, 231, 234f,  

234–235
Monitoring of treatment, 33, 34t–35t
Multiple-tooth crossbite, 20

N
Near-infrared imaging, 29, 29f
New patient consultation, 28–30
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O
Occlusion. See also Malocclusion; 

specific malocclusion.
anterior view of, 46, 47f
buccal view of, 46, 47f
final, 46–47, 47f, 54
initial, 44, 45f
lingual view of, 47, 47f
occlusal view of, 47, 47f
overjet view of, 47, 47f

Occlusogram, 29, 30f
Open bite

anterior. See Anterior open bite.
occlusogram of, 30f
posterior, 87–91, 91f

Optimized attachments
for anterior open bite, 141f,  

142, 153f
for Class II malocclusion 

anteroposterior correction, 160
for Class III malocclusion 

anteroposterior correction, 211
for deep bite, 123–124, 124f
definition of, 38
description of, 77
design of, 40, 40f
features of, 40–41, 41f

Optimized expansion support 
attachments, 43, 43f

Oral hygiene, 34t
Orthodontic appliances

custom-made, 4
future directions for, 4–5
history of, 1f–3f, 1–3

Orthodontic records, 30–31
Orthodontics

focus of, 99
future directions for, 4–5
history of, 1

Outcome Simulator, 29–30, 31f
Overcorrection

in anterior open bite correction, 144
in deep bite correction, 128
description of, 94

Overjet
Class II malocclusion with, 163f, 

255, 256f–258f, 259–260, 
260f–262f

staging tooth movements for, 66, 
66f–67f

Overjet view, of occlusion, 47, 47f
Overtreatment

in anterior open bite correction, 144
in deep bite correction, 128
description of, 94–95

P
Passive aligners, 188, 188f
Passive attachments, 39
Passive eruption, for posterior open 

bite, 89–90
Patient compliance, 34t
Pontics, 81–82
Posterior extrusion, for posterior 

open bite, 90, 91f
Posterior interproximal reduction

for Class II malocclusion correction, 
160f, 161

for Class III malocclusion 
correction, 211

for round tripping of mandibular 
incisors, 67.68f

Posterior intrusion
in anterior open bite correction, 

141–143, 142f–143f
description of, 12, 13f, 20

Posterior open bite, 87–91, 91f
Posttreatment records, 33
Power ridges

in Class III malocclusion 
anteroposterior correction, 210

description of, 13, 13f, 42
for lingual root torque, 42, 43f

Precision bite ramps
for deep bite correction, 124f, 

124–126, 126, 133f
for intrusion, 42f

Precision cuts
in Class II malocclusion 

anteroposterior correction, 
158, 159t, 170, 172f

in Class III malocclusion 
anteroposterior correction, 
210, 221, 224

design of, 56
digital treatment plan review of, 

51, 51f, 56
on maxillary left first molar, 70f
for vertical elastics, in clear aligner 

mandibular advancement, 
186–187

Precision-cut hooks, 93f, 176
in mandibular arch, 158
in maxillary arch, 158

Premolar extractions
buccally extracted canines in, 

83–85, 83f–85f
for crowding, 17
space closure in, staging patterns 

for, 10, 10f
Pressure areas

for deep bite correction, 123, 124f, 127
for intrusion, 42f, 123, 124f

Proclination, 100, 101f, 110
Protraction facemask and rapid 

maxillary expansion, for Class III 
mixed dentition malocclusions, 
273, 274f–275f, 276, 277f–278f

R
Rapid maxillary expansion

amount of, 233t
case selection criteria for, 232f, 

232–233
in Class I malocclusion, 236, 

237f–238f
in Class II malocclusion, 230–231, 

239, 240f–241f
in Class III malocclusion, 231, 273, 

274f–275f, 276, 277f–278f
completion of, 234, 234f
indications for, 232
Invisalign Palatal Expander system 

for, 231t, 231–234, 231f–232f
objective of, 230
prescription form for, 233
scanning requirements for,  

233, 233f
Reciprocal anchorage, 7t, 9, 10f
Rectangular attachments, 39, 39f, 

43f, 76
Rectangular-shaped teeth, 112, 112f
Relative extrusion, 41
Retainers

description of, 33, 96
removable, 96

Retention, 33, 96
Root control attachments, 42, 160
Root inclinations

buccolingual, 42
clear aligners, 11t, 14, 14f
fixed appliance versus clear aligner 

comparisons in, 11t, 14
management of, 85–86, 86f–87f
in mandibular left quadrant, 85–86, 

86f–87f
in mandibular right quadrant, 86, 87f
mesiodistal, 42
severe, 85–86, 86f–87f
3D controls for, 56
unfavorable, 85–86

Root movement, tipping versus, 42f
Rotation, severe, 79–81, 80f–81f
Round tripping, of mandibular 

incisors, 67, 68f
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S
Sequential distalization

Class II malocclusion correction,  
167–181, 168f–169f

en masse distalization versus, 
64–65, 65f

of mandibular molars, for Class 
III malocclusion correction/
treatment, 219–228, 
222f–223f, 225f–227f

mandibular third molar effects on, 
220, 220t, 228

in maxillary arch, 64, 66f
maxillary third molar effects on, 

168, 169f, 169t
staging tooth movements for, 

64–65, 65f
temporary anchorage devices for, 

64
Single-tooth crossbite, 20
Skeletal discrepancy

anteroposterior, 21–23, 23f–24f
Class II, 156, 157f
Class III, 209f

Skeletal expansion, 108–109
Skeletal malocclusion

Class II, 156, 230–231. See also 
Class II malocclusion.

Class III, 207–208, 209f, 263. See 
also Class III malocclusion.

dental, 208
Skeletal pattern

in anterior open bite correction, 
140–141

in deep bite correction, 125–126
hyperdivergent, 189–190, 190f
hypodivergent, 189–190, 190f

Software design, 37–38. See also 
Digital software design/plan.

Spacing
Class II malocclusion with, 102, 

103f–104f
Class III malocclusion with, 105, 

106f–107f
closure of

anteroposterior buccal 
relationship in, 101

bodily translation in, 100, 101f
facial midline in relation to dental 

midline, 100
mandibular incisor torque in, 

100, 101f
maxillary incisor torque in, 100, 101f
principles of, 108

mandibular incisors, 101f

Staging tooth movements
anterior open bite correction, 143f, 

143–144
case report of, 71, 71f–73f
deep bite

correction of, 127–128
with hypererupted, retroclined 

maxillary incisors, 60f, 60–61
definition of, 38, 46, 57
digital treatment plan review of, 

54–55
for expansion versus distalization, 

58–59, 59f–60f
goal of, 57
for lingually displaced teeth, 58, 58f
for maxillary second molar 

extrusion with concurrent 
mandibular second molar 
intrusion, 63, 64f

for overjet, 66, 66f–67f
for round tripping of mandibular 

incisors, 67, 68f
for sequential versus en masse 

distalization, 64–65, 65f
for uneven movement of maxillary 

central incisors, 61, 62f–63f
V-pattern, 167–168, 168f

T
Temporary anchorage devices

for en masse distalization, 167, 219
maxillary expanders assisted with, 

109
for posterior intrusion, 20
for sequential distalization, 64

Thermal pliers, 91–92, 92f
3D controls, 38, 55f, 56
3D-printed brackets, 3f
TMA. See Tooth Movement 

Assessment.
Tooth movement(s)

in additional aligner phase, 33
advanced, Class III malocclusion 

with, 69f
anchorage needed for, 38
animation of, 46
attachments needed for, 38
with bracket and wire systems, 8, 8f
with clear aligners, 8, 9f
force for, 7t, 8, 8f
rate adjustments in, 5
staging. See Staging tooth 

movements.
Tooth Movement Assessment, 47, 

48f, 63, 64f, 68, 85, 144

Tooth size discrepancy
Bolton. See Bolton tooth size 

discrepancy.
description of, 14t, 15
interproximal reduction for, 110
Invisalign First system preferences 

for, 242
Tooth tracking, 34t
Torque, 11t, 13–14, 14f, 42, 43f, 100, 

101f
Translation, 38, 100, 101f
Transverse discrepancies

in case selection, 20–21, 21f
overtreatment of, 95

Treatment. See also specific 
treatment.

digital planning of. See Digital 
treatment plan; Digital 
treatment planning.

monitoring of, 33, 34t–35t
stages in, 44, 46

Triangular-shaped teeth, 111–112, 
112f

Troubleshooting
buccally erupted canines, 81–85, 

82f–83f
maxillary lateral incisor intrusion, 

77f–78f, 77–79
posterior open bite, 87–91, 91f
root inclinations, 85–86, 86f–87f
rotations, 79–81, 80f–81f
teeth not fitting in aligner, 75–77, 

76f

U
Uneven movement of maxillary 

central incisors, staging tooth 
movements for, 61, 62f–63f

V
Vertical control, 14t, 15
Vertical discrepancies

in case selection, 19–20, 21f
overtreatment of, 94–95

Vertical rectangular attachments, 39, 
39f, 43f

Virtual c-chains, 93f, 93–94
Virtual pontics, 82–84
V-pattern staging, 167–168, 168f

Z
“Zero-degree” appliance, 2



Featuring brand-new chapters on Class II growth modification and early 
interceptive treatment with maxillary expansion, this second edition of 
the bestselling and authoritative text on clear aligners has been fully 
updated from start to finish. In particular, the concept of combining 
anteroposterior protocols with vertical protocols for Class II and Class III 
treatment is introduced, new digital planning and staging images reflect 
the latest software, and 32 clinical cases accompanied by video content 
demonstrate the capabilities of clear aligner treatment. The future is 
clear—take your practice to the next level with clear aligners!

Sandra Khong Tai, BDS, MS, FRCD(C), is a 
practicing specialist in orthodontics in Vancou-
ver, Canada. She is a Clinical Assistant Profes-
sor in Orthodontics at the University of British 
Columbia in Vancouver as well as an Adjunct 
Clinical Assistant Professor at the University of 
the Pacific in San Francisco, California. She is 
a Diplomate of the American Board of Ortho-
dontics. Dr Tai has been an Invisalign-certified 
orthodontist since 2000 and is currently an 
Invisalign Blue Diamond Plus Provider who has 
treated over 5,000 cases with clear aligners. 
She is a member of the editorial board for 
several leading orthodontic journals and has 

written chapters in multiple orthodontic textbooks. Dr Tai has published several 
research papers on clear aligners and is one of the pioneer testing doctors for 
Invisalign with Mandibular Advancement, the Invisalign First appliance, and the 
Invisalign Palatal Expander. She is a much sought-after international speaker 
and lectures globally on clear aligner technique. 
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