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Foreword

Authoring an orthodontic textbook to address controversies is refreshing,
ambitious, and evidence of self-reflection by the authors who have gained a
good amount of experience with clear aligners. In the age of evidence-based
practice in health care, this was a much-needed effort to examine critically, 22
years after the launch of Invisalign, the current knowledge regarding the
treatment of malocclusions with clear aligners.

As Chair of the Department at New York University where Drs. Anderson
and Darren Huang teach orthodontics, I am honored to write the Foreword to
their book, Controversies in Clear Aligner Therapy: Contemporary
Perspectives, Limitations, and Solutions. They are both graduates of the
College of Dentistry and of the Advanced Education programs. Dr. Anderson
Huang’s long interest in clear aligner therapy has been well known in the
Department of Orthodontics for many years. He is joined by his son Darren,
a more recent graduate, who shares the same clinical interest and educational
perspectives. As orthodontists, neither one is inclined to settle for less than
excellence.

One of my goals as Chair of the Department of Orthodontics is to educate
students to consider the best interest of the patients they care for, and there-
fore to adopt a best-practice approach to treatment planning. With this in
mind, there is a dearth of books devoted to clear aligners other than those
which explain how to use the appliances and how to plan and sequence tooth
movements with the aligners. As a practitioner, I find such information much
needed, and I believe that sharing one’s experience on any treatment modality
with one’s orthodontist peers is valuable and respectable. Like many, I was at
first a dubious user of clear aligners for orthodontic treatment. Some move-
ments, such as extrusion or rotations, were difficult to accomplish and fre-
quently required fixed appliances to achieve treatment goals to satisfaction.

It is undeniable that 20 years later, orthodontic treatment with clear align-
ers has become more sophisticated; for example, the software platforms have
made communication with technicians easier. With software improvements,
practitioners have learned to plan tooth movement better, and this brought
their treatment goals and planning to higher grounds. However, despite these
improvements, there are still many global questions practitioners have regard-
ing this treatment modality no matter the type of aligner one may prefer or
select.

What sets this work apart is the authors’ reflections and their acknowl-
edgement that there are debate and disagreements on the effectiveness of
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clear aligners. To name a few: their use during interceptive treatment, as sub-
stitute to functional appliances, the predictability of root movements, is there
too much interproximal enamel reduction being used, or excessive expansion
prescribed. Additionally, how effectively can one correct an open bite with
clear aligners, when many have been humbled by attempting bite closure
with mere fixed appliances.

Such reflective work is welcome by all orthodontists interested in using
clear aligners on a routine basis. After all, it took many years of practice and
learning from mistakes to master the use of fixed appliances whether on the
labial or lingual side of the dental arches. For those who first thought that
clear aligners would be the panacea of orthodontic treatment, one just needs
to recall the enthusiasm generated by the wide accessibility to straight-wire
appliances and the belief that orthodontic treatment could be rendered by any
practitioner no matter their degree of knowledge or experience.

I think you will find this book very useful and refreshing to read; you are
not the only one to have questions, strong convictions, and doubts, and yet
wish to better yourself in treating patients with clear aligners because you
understand that they are here to stay.

I applaud Drs. Anderson and Darren Huang for researching and writing
this book, for being thorough in their thinking, and for demonstrating critical
judgment on the efficacy of treatment with clear aligners. With these efforts,
we are all going to improve our treatment of patients with clear aligners.

Olivier Nicolay

Chair, Department of Orthodontics
New York University

New York, NY, USA

August 30, 2021



Preface

Since the introduction of the Invisalign appliance in 1999, clear aligner ther-
apy has gradually become a significant modality of orthodontic treatment for
the modern orthodontist and an area of intensive scientific research in the
orthodontic field. The first clear aligners were limited to the treatment of mild
malocclusions in adult patients. In the last 20 years, technological develop-
ments in clear aligner software, improvements in aligner materials and their
functionality, and innovations in treatment methods have expanded the capa-
bilities of clear aligner therapy for the treatment of complex malocclusions in
children, adolescents, and adults. Clear aligner therapy is rapidly evolving
and represents one of the next frontiers for orthodontic treatment.

Despite these advances, clear aligner therapy remains limited by signifi-
cant deficiencies resulting in clinical dilemmas for the practitioner, from the
use of clear aligners for interceptive treatment, complex movements, Class 11
therapy, overcorrection, to the treatment of vertical problems. With the rapid
growth of clear aligner therapy within the field, there has arisen a dense forest
of contradictory and controversial opinions and methodologies for treatment.
Our own experience with clear aligner therapy has been a humbling but
enlightening process, one in which we have had to negotiate the appliance’s
limitations over the course of its evolution. Additionally, aside from a limited
number of systematic reviews and meta-analyses, there are few texts that
deeply engage with the limitations of clear aligner therapy and their implica-
tions. Therefore, there exists a need for a critical appraisal of the current body
of knowledge to determine viable treatment approaches in addressing these
dilemmas.

To address this need, we do not intend this book to be an exhaustive survey
of clear aligner therapy or a stepwise guide with generalized formulas for the
management of malocclusions with clear aligners. Instead, our aim is to pro-
vide rigorous, scientific evidence-based evaluations of the current status of
knowledge regarding controversial dilemmas within clear aligner therapy,
while mapping out solutions for their management. Each chapter will focus
on a dilemma, which we have frequently encountered in clinical practice and
the scientific literature. We will comprehensively analyze each dilemma with
a discussion of the current state of affairs in the context of the latest research,
its clinical implications including the limitations the dilemma bears on the
treatment of specific malocclusions, and our strategies for solutions. As learn-
ing tools, we have included numerous cases for study with their virtual set-
ups. Additionally, we have incorporated a series of prototypes, figures
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illustrating suggested technological modifications, and future clinical appli-
cations with clear aligners.

Because we aim to be as impartial and comprehensive as possible in our
evaluations of these dilemmas, we have included discussions of clear aligner
systems alternative to Invisalign. However, this is not always possible because
certain aspects of clear aligner therapy with the Invisalign system are cur-
rently significantly advanced and not yet available in the alternative systems,
such as adeveloped bite jump function or optimized attachments. Nevertheless,
we believe these alternative systems, in addition to clinician-printed aligners
(via in-office 3D printers), will become increasingly viable for the treatment
of both simple and complex malocclusions.

This book seeks to address the ambiguity and confusion surrounding the
most pressing and troubling clinical dilemmas in clear aligner therapy. It
intends to provide the clinician greater clarity and understanding on these
dilemmas, as well as paradigms for their resolution. We hope this book can
serve as a valuable contribution to the discussion surrounding these topics
and that it will assist readers in making more informed and effective clinical
decisions in their delivery of clear aligner treatments.

New York, NY Anderson Huang
New York, NY Darren Huang
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Clear Aligner Software: A Brief
History

In orthodontic therapy with clear aligners, the
judicious manipulation of the software consti-
tutes a significant aspect of treatment planning
and is critical for successful outcomes. The first
software for clear aligner therapy was introduced
by the founders of Align Technology and the
inventors of the Invisalign appliance to the
American Congress of Orthodontists in 1999 [1].
The technology adopted computer-aided design/
computer-aided manufacturing (CAD/CAM)
techniques to fabricate a series of aligners that
gradually moved teeth into their desired posi-
tions. The first generation of the Invisalign soft-
ware, known as the Clincheck, was primarily
designed for the resolution of simple malocclu-
sions, such as mild and moderate crowding,
minor space closure, and minor root movements

[2]. Subsequent generations of the Invisalign
clear aligner appliance improved both the aligner
material and its capabilities as well as the func-
tionality of the software. Typically, software
innovations allowed for finer control during the
virtual setup through the addition of more fea-
tures for tooth positioning, the addition of auxil-
iaries, and treatment planning. The technological
development of Invisalign’s clear aligner appli-
ance has expanded its range to the potential treat-
ment of more complex malocclusions. However,
many of Invisalign’s claims regarding the effi-
cacy of its appliance, such as the resolution of
significant rotations, extrusions and intrusions of
2.5 mm in anterior teeth, and root movements of
up to 4 mm in posterior teeth, have not been prop-
erly substantiated [2].

Importantly, in 2015, Invisalign introduced a
number of innovations, including the Clincheck
Pro, alongside alterations in aligner material and
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the addition of a number of features for the man-
agement of cases involving first premolar extrac-
tions [3]. At the time of writing, the current
version of the Clincheck software is the Clincheck
Pro 5.0, which is essentially the original
Clincheck Pro with a number of modifications.
Since its first iteration, Clincheck has not been
web-based but needs to be downloaded as an
application. As a result, it remains prone to dis-
continuities from server disruptions. The
Clincheck Pro 5.0 remained unavailable as web-
based software. Notably, the 2015 update incor-
porated into the software the 3D toolbar, which
allows for the positioning of individual teeth in
all dimensions, updated its SmartTrack polymer
aligner material, increased functionality for the
placement, orientation, and sizing of attachments
and cuts, widened capabilities for expansion and
contraction of either the maxillary or the man-
dibular arch, and allowed the addition and
removal of sites of interproximal reduction for
space management [3, 4]. The update also added
a number of features to assist in treatment plan-
ning, including an automatic Bolton analysis, the
visualization of occlusal contacts, and a “dual
view,” which compares the clinician’s modifica-
tions to Invisalign’s initial setup.

In recent years, a variety of dental suppliers
have created competing clear aligner appliances
along with their respective software. In 2018, 3M
launched its Clarity clear aligner system and its
web-based software for treatment planning. Also
in 2018, Dentsply Sirona introduced its Suresmile
aligners and Elemetrix software as another clear
aligner alternative. Both 3M and Dentsply
Sirona’s software differ significantly from that of
Clincheck and offer distinct advantages for the
clinician.

Despite Invisalign’s continued innovations, its
Clincheck Pro software remains limited by a
number of deficiencies, which potentially com-
promise ideal treatment outcomes. These limita-
tions range from lack of optimization for single
tooth movement to a failure in correcting skeletal
discrepancies to unrealistic modeling of soft tis-
sue changes. For instance, the Clincheck soft-
ware currently lacks proper integration of soft
and hard tissues. As a result, the treatment

simulation fails to realistically model soft tissue
changes produced by orthodontic movements. It
is important that the clinician is mindful of these
deficiencies so that they can anticipate the effects
of their mechanotherapy and minimize any unfa-
vorable outcomes.

In the following chapter, we discuss the major
limitations of Invisalign’s Clincheck software,
which range from a lack of functionality for opti-
mizing single tooth movement to improper mod-
eling of soft tissues. In our discussion of single
tooth movement, we will focus on the judicious
manipulation of attachments. When viable, we
will propose solutions for overcoming these limi-
tations in the software. Thereafter, we will survey
the lesser-known alternative software and discuss
how their differing features might be used to the
clinician’s advantage for delivering successful
orthodontic treatment.

Major Deficiencies in the Invisalign
Clincheck Software

Single Tooth Movement:
Incompatibilities in Attachment
Design

Studies have shown that the addition of attach-
ments onto teeth improves the accuracy of spe-
cific types of orthodontic tooth movements [5].
Simon et al. reported the best accuracy in the
bodily distalization of upper molars of at least
1.5 mm when movements were supported by
attachments on the tooth surfaces [6]. Clinically,
we have observed that the use of attachments pre-
vents excessive tipping of molars during distal-
ization. However, we note that though the
difference in accuracy for distalization between
teeth with attachments was greater than that of
teeth without attachments, it was not by a statisti-
cally significant margin [6].

Studies have also investigated the effects of
attachment use on the efficacy of other types of
movements. A clinical trial in 2005 supported the
use of attachments to improve the accuracy of
rotational movements [7]. Simon et al. observed
that in premolar rotations of >10°, the use of
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attachments and the degree of movement per
aligner both had a great impact on predictability
[6]. A systematic review in 2015 also recom-
mended the use of attachments to improve the
predictability of rotational movements [5].
Nevertheless, other studies have shown conflict-
ing results and claimed that the use of attach-
ments does not aid in stimulating derotation for
canines [8]. A 2019 systematic review also con-
cluded there is a lack of evidence to support the
use of attachments for derotation [2]. Despite the
lack of consensus in the current evidence, it is
still recommended to place attachments on teeth
for derotation, especially exceeding 15°, for
treatment predictability [5].

There is a greater consensus for the use of
attachments in improving the predictability of
extrusive movements. The treatment of vertical
problems, especially deep overbite, is especially
challenging for clear aligners. In a clinical trial,
extrusion was found to be the least accurate tooth
movement [9]. Therefore, it is recommended that
attachments be placed on teeth requiring extru-
sion for predictability [2].

It is evident that the use of attachments is able
to stimulate certain orthodontic movements [10].
In its most recent generations, Invisalign’s
Clincheck Pro has incorporated a number of fea-
tures that expanded the clinician’s control over
attachments as well as their capabilities for con-
trolling tooth movement. Specifically, when the
clinician decides to place an attachment, they are
able to choose its shape, whether an ellipsoid,
mesial or distally beveled vertical attachment, or
a gingival or incisally beveled horizontal attach-
ment (Fig. 1.1). Secondly, the clinician is also
able to determine the size of the attachment—23,
4, or 5 mm in length (Fig. 1.2). Thirdly, the clini-
cian is able to position the attachment both in
terms of its location on the tooth surface and the
orientation of its bevel (Fig. 1.3).

Despite these capabilities, there remain short-
comings in the Clincheck software’s attachment
design that compromise treatment predictability.
Notably, because of the limited configurations
available, the attachment cannot properly adapt
to the full range of tooth surfaces. For instance,
the software limits the minimum size of attach-

ments so that they cannot be incorporated onto
tooth surfaces that are deficient in crown length.
This situation arises when attachments are
required for distalizing maxillary molars with
short clinical crowns (Fig. 1.4). In such cases, the
vertical beveled attachment would most ideally
support the distalizing movements. However,
because of the short clinical crowns in the maxil-
lary molars, the Clincheck software will auto-
matically trigger the placement of horizontal
beveled attachments instead of the desired verti-
cal beveled attachments (Fig. 1.5). As aresult, the
predictability of the distalizing movement is

Fig. 1.1 Invisalign allows for a wide range of attach-
ments, including the horizontal bevel, vertical bevel, and
ellipsoid



