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Conceptual overcorrection in orthodontics:
A strategy to enhance Invisalign’s
effectiveness

Mazyar Moshiria,b
St Louis, Mo
Enhancing the predictability of demonstrated digital movements when using clear aligners is essential for
achieving successful clinical outcomes. Commonly, fixed appliances require clinical methods of customi-
zation of prescriptions or perceived forces to enhance the biomechanical system needed to achieve more
predictable outcomes. This paper aims to delve into this rationale, and perhaps necessity, of considering
an overcorrection approach toward digital treatment planning of various movements with Invisalign clear
aligners. Furthermore, specific suggestions are provided to serve as guidelines for clinical considerations
and perhaps future research purposes to facilitate the increased predictability of Invisalign clear aligner
outcomes. (Am J Orthod Dentofacial Orthop Clin Companion 2024;XX:XX-XX)
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Invisalign (Align Technology,
Santa Clara, Calif) clear aligners
have popularized clear aligner treat-
ment in orthodontics, allowing for
the design of a fully customized
appliance modality to facilitate
orthodontic treatment. Furthermore,
usage of the appliance has steadily
gained adoption in the resolution of
increasingly challenging case types.
Outside of excellent patient compli-
ance and a comprehensive diagnosis and treatment plan by
the doctor, the success of Invisalign treatment largely relies
on the proper customization of the appliance via digital treat-
ment planning. This is conducted with ClinCheck (ClinCheck
Pro 6.0; Align Technology) treatment planning software,
which simulates a proposed outcome through 3-dimensional
modeling. Recent publications have indicated the potential of
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exaggerating software-generated movements to increase the
predictability of clinical results, suggesting overcorrection of
movements beyond what the software initially proposes.1-4

Digital planning features that may directly affect the effi-
cacy of clinical outcomes include alterations in the staging of
movements, attachment design, and the intentional exagger-
ations of certain predicted movements.4-6 The combination
of these considerations is intended to design a customized
appliance that delivers the necessary force systems needed
to achieve a desired outcome. However, the proper calibra-
tion of these features will fluctuate widely with regard to
practitioner knowledge and experience. In this instance,
experience should not be confused with the volume of
patients one treats, but rather, their volition to improve their
expertise with persistent learning, eventually separating digi-
tal hypothesis from clinical reality.

Experienced practitioners conjecture that Invisalign can
be quite efficient and effective, but many studies claim
otherwise. Often, these studies cite a lack of predictability
of various movements and an overall inefficiency com-
pared with fixed appliances.7-9 However, other papers dis-
agree with the degree of these claims, whereas many
orthodontic offices continue to provide and even grow their
clear aligner offerings.10 So, why is there a lack of true spe-
cialty-wide consensus regarding the efficacy of clear align-
ers and their predictability?

One possibility is that this research may not adequately
reflect what private practice orthodontists experience. As
it stands today, there exists a notable variance of
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consistency regarding the reported accuracy of move-
ments and outcomes. This may be attributed to poor sam-
ple sizes, heterogeneity of subjects, and variance in the
methodologies tested.11 In addition, proper detailing of a
clear aligner treatment plan often involves refinements to
comprehensively treat the patient, which are often missing
from the current literature when measuring the overall effi-
cacy of movements. With fixed appliances, doctors need to
go through a series of wire changes, repositioning of brack-
ets, or wire bends to achieve an ideal outcome. Compara-
tively, leaving out refinements in research findings
eliminates the natural progression of comprehensive Invis-
align treatment, which needs to be fully considered for
proper research comparisons.

Furthermore, there is a lack of consideration in this
research focused on the necessary nuances of digital treat-
ment planning, which are required to achieve proper clini-
cal outcomes. We cannot have a reasonable discussion of
efficacy and accuracy until we treat the appliance as ortho-
dontists and not as scientists. As orthodontic clinicians, we
customize and exaggerate our fixed appliance force sys-
tems repeatedly. As a specialty that is steeped in the
learnings of physics, it should come as no surprise that
these same concepts need to routinely be applied to clear
aligners as well. However, this type of nuanced apples-to-
apples comparison rarely, if at all, takes place in the cur-
rent literature as it stands.
THE RATIONALE FOR OVERCORRECTION OF
DIGITAL MOVEMENTS

Overcorrection of digital movements refers to the inten-
tional exaggeration of movements beyond what may ini-
tially seem necessary. Often, orthodontists will exaggerate
specific movements in fixed appliances to ensure the best
possible outcomes more efficiently. Examples of this
include, but are not limited to, the following:

1. Overtreatment of a bracket prescription by altering
the slot relative to the base to account for (1)
manufacturing tolerances: metal slots need to be
divergent at the opening to account for the removal of
brackets from their mold, decreasing the accuracy for
torque expression by creating “slop” in the slot. At
times, wires also need to be subsequently adjusted to
account for this issue by adding torque to the wire or
by using stiffer wires for improvement of torque
expression12,13 and (2) more favorable customized tor-
que by flipping brackets upside down in various clini-
cal situations, such as desiring increased buccal
crown torque for lingually displaced incisors.

2. Tilting brackets off the long axis when bonding for
overtreatment of root positioning into patients with
extraction for improved root parallelism.
3. Positioning brackets into rotations is more than ideal
to allow for improved resolution of the rotational cor-
rection.

4. Exaggeration of the force systems delivered via arch-
wires by wiping in reverse curves of Spee or integrat-
ing multiloop edgewise mechanics.

5. Vertical elastics are used to facilitate the correction of
vertical movements by applying more force to help
level the curve of Spee at the buccal segments.

If it is common practice to enhance fixed appliances
with such modifications, then why would the same logic
not routinely apply to clear aligners? The reasons for digital
overcorrection may vary from addressing known deficien-
cies of the appliance (ie, inadequate material properties)
to facilitating an improvement of the patient’s biologic
response.

The software should be used to “bend” the aligner,
wherein then the aligner delivers an intended force system
required to achieve a specific desired outcome. By knowing
the appliances’ limitations and the patient’s biological
challenges, the aligner requires individualized customiza-
tion. The nuances of this will vary given the patient’s bio-
logical considerations, the treatment technique (ie,
extractions, interproximal reduction, and elastics), type of
malocclusion, overall individual tooth movements, and
anchorage considerations.

Hence, the rationale for the exaggeration of certain dig-
ital movements assumes that Invisalign aligners cannot
deliver the exact amount of movement predicted by the
software. Conceptual overcorrection is the planning of
more digital tooth movement than initially predicted in the
software to achieve the desired clinical outcome. The
premise of the digital treatment plan serving as a repre-
sentation of a force system rather than an outcome further
helps to facilitate this notion. This concept is especially
important in the patient’s first set of aligners, which should
serve to address major treatment goals and challenging
movements (eg, bite opening with anterior intrusion, ante-
rior lingual root torque expression, or significant root
movements). The refinement sets, assuming major goals
have been accomplished, should then ideally serve to fine-
tune and detail.

EXAMPLES OF DIGITAL OVERCORRECTION

1. Digital exaggeration of proposed movements: exag-
geration of specific movements within the software
that are known from studies or clinical experience to
underperform relative to software predictions. Digital
overcorrection is performed to account for anticipated
material property deficiencies, challenging individual
tooth movements, or a specific patient biologic
response to orthodontic forces. To elaborate,
AJO-DOCLINICAL COMPANION



Fig 1. A, SmartTrack was developed for Invisalign treatment and is made from a multilayer aromatic thermoplastic polyurethane. This
material has been reported to maintain a more constant force over time, much like a nitinol wire, which then could express more
tooth movement over a longer period vs conventional aligner plastics (reproduced with permission from Align Technology, the
producers of Invisalign); B, Illustration demonstrating that SmartTrack aligners return more closely to their original shape vs Align’s
previous EX30 plastic (from Morton J, Derakhshan M, Kaza S, Li C. Design of the Invisalign system performance. Semin Orthod
2017;23:3-11).

Moshiri

Month
consider the analogy that aligners have properties
akin to a rectangular nickel-titanium wire (Fig 1). If
this is the case, then certain adjustments may need to
be made when determining the type of force system
delivered. With experience, orthodontists should rec-
ognize when biological responses to certain simulated
movements may be limited because of this material
property trait. To address this, the exaggeration of
tooth movements in the simulation to compensate for
the anticipated lack of biological response is
required.

2. Extended treatment duration: the extension of the
treatment time beyond what is initially planned or esti-
mated by the software. Extended treatment duration
can allow for more expression of tooth movements, as
2024, Vol 00, Issue 00
certain movements may lag what the staging may
anticipate. This may be done by extending wear time
beyond the recommended 1-week interval or by alter-
ing the staging (amount of designed tooth movement
allowed per aligner) of tooth movement, which often
adds aligners and extends treatment time.

Of note, pursuant to the release of their 2016 seventh-gen-
eration improvements, Align Technology recommended
weekly changes of aligners for patients with mild to moder-
ate malocclusion only. It was noted that the decision for
weekly changes must be individualized, depending on the
complexity of the patient’s condition and the age of the
patient. Many times, practitioners may not heed this fine
print and attempt weekly changes for all malocclusions,
which may lead to clinical fit issues (Fig 2).
3



Fig 2. The decision to prescribe weekly aligner changes is at the doctor’s discretion. Doctors need to monitor and make this decision
based specifically on the degree of tooth movements, such as rotations, extrusions, and significant root movements, particularly blue
and black movements, in the Tooth Movement Assessment tool. Depending on the degree of more challenging movements and the
patient’s response to treatment—particularly mature adults—longer periods between aligner changes may need to be considered
(reproduced with permission from Align Technology, the producers of Invisalign).
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3. Altered staging: staging refers to either the order of
tooth movement or the rate of tooth movement within
the software. Alterations of staging have a substantial
influence on treatment outcomes and predictability
by altering the force levels instigated by the plastic,
overall anchorage preparation, or slowing down more
challenging movements.14,15

SPECIFIC MOVEMENT CONSIDERATIONS FOR
OVERTREATMENT

The following suggestions are based on the lack of pre-
dicted expression of various movements reported in the
current literature, combined with the author’s clinical
experience. Recommendations are provided on the basis
of singular tooth movements only. If multiple orders of
movement are occurring simultaneously for a particular
tooth, then appropriate consideration should be given to
the more challenging movement. More high-quality
research is needed to confirm the following suggestions.
Furthermore, it should be assumed that refinements will
be needed in most treatment plans to properly detail the
occlusion.16

Tipping is considered the most predictable movement
with aligners.17 However, there are unintended clinical
consequences to this type of movement. Tipping to the
labial leads to an intrusive clinical side effect of incisors
(Fig 3), and lingual tipping leads to an extrusive/bite-deep-
ening side effect at the incisors. These side effects can be
antagonistic or synergistic to certain clinical goals (bite
opening or bite closure) and need to be considered when
designing force systems and attachments.

Although the movement may not express 100%, it is
generally deemed the most predictable movement within
an aligner system. Overtreatment of tipping is not recom-
mended; any discrepancies should be addressed in a
refinement.

Clear aligners can induce controlled root movements by
applying forces through various means, particularly on
aligner attachments or available contrasting surfaces
(occlusal or interproximal). The force required for root
movement is highly dependent on the tooth, its position,
and the desired outcome. As aligners push teeth occlusal
to their center of resistance, the tendency is for root move-
ment to fall behind the movement of the crown, especially
if bodily movement is attempted.18,19

Attachments are necessary and allow for an improve-
ment in the predictability of root movements.20,21 Of note,
with Invisalign, root control attachments do not have auto-
mation for placement on molars or mandibular incisors.
Hence, conventional attachments will need to be placed
by the doctor to facilitate root movements of these teeth
(Fig 4).

Overcorrection of root movement may come in the form
of virtual gable bends within the software or a change in
staging to allow for visible spaces around the teeth that
need root movement to provide a full interproximal wrap
of plastic, which may add stages and extend treatment
time.22 The author recommends adding a 5°-10° root tip
beyond what is proposed for proper clinical expression of
AJO-DOCLINICAL COMPANION
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root movements, especially when opening spaces for
implants or closing extraction sites (Fig 5). Furthermore,
tray changes may need to be extended to ensure proper
expression of this movement on the basis of the proper fit
of the aligner.

As mentioned, with regard to tipping movements, intru-
sion of incisors during proclination will occur more predict-
ably. If occurring during retraction, the movement will be
more challenging. Regardless, overall intrusion falls short
of the predicted digital demonstration.23-25

Intrusion, both anterior and posterior, will benefit from
exaggeration of the digital movement. Generally, the tooth
intruding does not require an attachment, as the aligner
can push on the incisal/occlusal portion of the crown to
facilitate the movement. However, anchorage is needed on
the adjacent teeth to capture the equal and opposite
extrusive force.26 This is important, as the movement will
increasingly fail without proper anchorage from adjacent
teeth. The amount of digital overcorrection of intrusion will
depend on (1) antagonistic vs synergistic movements (ie,
an anterior intrusion is more predictable during proclina-
tion but needs more exaggeration during retraction or lin-
gual movement of the incisors). Hence, patients with
crowding will have more predictable intrusion, whereas
patients with spacing closure will experience less predict-
able bite opening and will require substantially more over-
treatment of their digital movements; and (2) biologic
considerations (ie, patients with brachycephaly will require
more overtreatment than those with dolichocephaly;
growing adolescents will need less overtreatment vs
adults because of a growth-related compensatory eruption
of their posterior dentition, among other relevant
considerations).

In general, overcorrection beyond the initial overall dig-
ital movement shown should be increased by 50%-100%
of the total amount of the initial ideal outcome predicted
on the basis of consideration of the variables above. This
means if one considers the ideal overbite to be 2 mm, then
overtreatment should range from a proposed finish of
0 mm overbite to �2 mm overbite, and possibly even
more, depending on individual circumstances.

Traditionally, aligners were considered poor at per-
forming extrusive movements. However, with a better
understanding of aligner biomechanics, extrusion can now
be achieved more predictably.27 Extrusion, when done
anteriorly, may not benefit from overtreatment, as it tends
to perform acceptably well with good compliance, espe-
cially when combined with overall lingual movement of the
incisors simultaneously.28

However, absolute extrusion down the long axis of teeth
is quite unpredictable. Overtreatment is still not recom-
mended, as this will likely make matters worse. Often, the
lack of expression of extrusion down the long axis results
from the inability of the aligner to purchase the tooth prop-
erly during treatment. In these circumstances, in which
2024, Vol 00, Issue 00
extrusion down the long axis is required either anterior or
posteriorly, fixed appliances or elastic auxiliaries are likely
required.

Another consideration is that teeth with poor anatomy,
such as small lateral incisors, should not have extrusion
attempted with an aligner and would perhaps benefit from
restorative options instead. Often, if the practitioners’ clin-
ical preferences call for level incisal edges, this may be
overlooked and lead to clinical aligner fit issues as a
result.

Rotational movements require a couple of moments to
rotate the tooth along the long axis. Clear aligners achieve
this by incorporating carefully designed attachments or
pressure areas to apply localized forces. Most mild rota-
tions achieve acceptable resolution when proper attach-
ments and staging have been considered. Predictability
may deviate from ideal when rotations are >15°.29

Rotational efficacy will also vary depending on the type
of tooth being rotated. Rotation of the first molars is a
movement with excellent predictability.30 Conversely,
rotational movements of the maxillary lateral incisors, or
canines and premolars in general, will be increasingly diffi-
cult to control with aligners.3,31

Teeth rotating will require attachments, especially if
conically shaped or tapered, to have an improved chance
at predictability. Attachments serve not only as a push sur-
face toward the direction of intended movement but also
as a means of retention. Teeth rotating in an aligner experi-
ence an intrusive tendency as they are squeezed apically
from the sum of the forces acting on the tooth because of
the general convergence of overall dental anatomy. Hence,
attachments also concomitantly serve as an additional
undercut, providing retention to mitigate the side effect of
this intrusive tendency.

Software automation for attachment decisions may pro-
vide specific rotational attachments when the movement is
prioritized within the decision hierarchy for automated
attachment placement. However, if other complex move-
ments exist, such as root movement, then the attachment
provided may not account for the multiorder demands of
both movements simultaneously. In these circumstances,
a change in the type of attachment, or possibly the staging
of the movements to separate them, may be indicated to
improve predictability.

Overall, the reported consensus is that the accuracy of
the rotational corrections is poor. To overcome this issue,
it is suggested that the rotated teeth be overcorrected by
5° beyond the ideal position.4 Slowing down the rotational
movement to about 1° per aligner tray when staging can
also allow for better rotational correction, as it has been
shown in previous studies that increasing the amount of
rotational movement to >1.5° per aligner tray leads to
decreased accuracy.16

When considering exaggeration of the movement, over-
correction may be added either through the duration of
5



Fig 3. A, Intraoral photographs of an adult female patient presenting with a Class I deepbite malocclusion with significant anterior
wear. Her treatment plan involved bite opening with Invisalign to plan for future restorative treatment to address the incisal edge
wear; B, Final stage of the initial ClinCheck, demonstrating significant overtreatment of anterior intrusion via mainly proclination with
subsequent bite opening. Considering the clinical tendency of intrusion to fall short of what is predicted, the need for digital
overtreatment of the movement is shown here. A total of 70 aligners were needed to achieve the predicted outcome. However, the
patient made it through 60 before scanning for refinement aligners at the end of 13 months to produce more well-adapted aligners
after interproximal spacing became present through treatment progress; C, Intraoral photographs showing the end of the first set of
aligners, demonstrating successful bite opening, but short of the predicted ClinCheck outcome; D, Final stage of refinement
ClinCheck, continuing to open the bite for future restorative work. An additional 40 aligners were needed to finish the treatment, for a
total treatment time of 23 months (reproduced with permission from Align Technology, the producers of Invisalign); E, Final
photographs before restorative work; F, Posttreatment records after restorative completion; G, Pretreatment radiographs;
H, Posttreatment radiographs.
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Fig 4. The representation of twin molar root control
attachments on the maxillary right first and second molars was
added manually because automation for root control
attachments does not currently exist in the software. The push
surfaces are oriented in opposite directions on each
attachment to allow for the mesial root tip to facilitate
improved bodily movement of the molars because of maxillary
premolar extraction (Nicozisis J. The Yin-yang attachment: the
clear path to molar zen. The Progressive Orthodontist.
Available at: https://princetonorthodontics.net/wp-content/
uploads/2019/05/Nicozisis-Ying-Yang-Final.pdf. Accessed May
11, 2024).
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treatment or at the tail end of treatment in the form of
overcorrection aligners to provide individual incremental
overcorrections on a tooth-by-tooth basis. Theoretically,
staging the additional overcorrection of rotations toward
the end of the treatment may allow for other more predict-
able movements to be achieved first.

In addition, the higher the degree of rotation of the
tooth, the harder it is to achieve complete rotational
correction.7,16 At times, for very challenging rotations, cou-
ples may be needed with elastics and buttons bonded to
the teeth to facilitate further correction.

For movements that involve torque, Invisalign automati-
cally provides the use of Power Ridges anteriorly for lingual
root torque of incisors or G8 SmartForce Features for pre-
molars and first molars for buccal root torque (Fig 6) pos-
teriorly. Conversely, for buccal root torque anteriorly or
lingual root torque posteriorly, the practitioner needs to
design the force system with supporting attachments
as needed to facilitate the correction of these specific
movements.

It has been reported that the accuracy for the torquing
movements with aligners may range from 49%-73%, with
the culmination of studies averaging around 50%16. In gen-
eral, it has been reported that lingual/palatal crown torque
has better expression than labial crown torque for maxil-
lary incisors. Furthermore, it has been reported that over-
all mandibular incisor torque expression is superior
compared with maxillary incisor torque expression.32 Over-
all, torque is a complicated movement with clear aligners,
which requires exaggeration, akin to fixed appliances in
which torque is either exaggerated in the bracket or our
wires.

Power Ridge features may be automatically placed by
the software to enhance the expression of anterior lingual
root torque. However, it should be noted that because of
2024, Vol 00, Issue 00
the couple generation from the feature, Power Ridges may
lead to some fit issues of the aligners, especially if rotation
or any extrusion of the teeth is noted as well (Fig 6, A).
Hence, horizontal gingivally beveled attachments may pro-
vide for better retention of the aligner anteriorly when tor-
que is desired. As with intrusion, torque is more difficult to
attain when there is overall retraction of the dentition, and
more overtreatment of the movement is required when the
lingual movement of the incisors is noted.

It is recommended by the author to consider doubling
the amount of torque a practitioner wishes to achieve as a
goal on the basis of their cephalometric analysis up to 15°,
especially for the maxillary incisors. If >15° of torque is
needed, then it is recommended to add 15° overall. For
example, if 5° is desired, ask for 10°. If 20° is desired, ask
for 35°. In addition, similar to complex rotations, it is rec-
ommended to stage 1° of torque expression per aligner
only. Patients should only change their trays when they
visually fit, as otherwise, patients often try to stick to a
routine vs changing when they are truly ready. For adults
especially, this may mean staying in the aligner for
>1 week.

For canines and posterior teeth, a buccal attachment is
needed for proper expression of buccal root torque, allow-
ing for a push surface to create the moment required
around the root apex. Automation for the appropriate
attachments and SmartForce Features of G8 will not trigger
unless 0.5 mm of expansion is noted by the software and
appropriate crown anatomy is available (Fig 6, B). If condi-
tions and thresholds are not met by the software, the clini-
cian should build in the appropriate attachment designs
and add extra buccal root torque to create the appropriate
force system. Buccal root torque will be more challenging
during expansion because of the countermoment from
buccal crown tipping from labial movement, and con-
versely, it will be more predictable during constriction of
the arches.

Pure translation is not feasible with aligners without the
use of power arm auxiliaries to apply forces through the
center of resistance. However, most practitioners depend
solely on the aligners to achieve bodily type movements.
Several studies have indicated that space closure with
aligners only will generally lead to more crown than root
tip, especially when closing extraction sites.33,34 However,
with proper setup of anchorage tip backs of teeth distal to
the extraction site, attachment planning, use of segmented
staging, and purposeful digital overtreatment of certain
movements, bodily type movements will become increas-
ingly predictable with aligners.35 The degree of digital
exaggeration needed will depend on the type of transla-
tional movement desired on the basis of distalization vs.
space opening vs. space closure.

Simon et al16 reported 87% accuracy for molar distali-
zation of >1.5 mm on maxillary molars without using Class
II elastics for anchorage in a 2016 multicenter study.
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Fig 5. A, Intraoral photographs of an adult female patient presenting with a Class I malocclusion with significant mandibular anterior
crowding and a lack of overjet. Her treatment plan involved extraction of the mandibular right central incisors with Invisalign to
comprehensively treat her condition; B, Juxtaposition of initial vs final stages of the first ClinCheck plan, demonstrating a virtual gable
bend between the mandibular left central incisor and mandibular right lateral incisor to overtreat root control while closing the extraction
site of the mandibular right central incisor. A purposeful space was also left on the distal of these teeth for a better approximation of
interproximal plastic and increased push surfaces to control the roots during closure (reproduced with permission from Align Technology,
the producers of Invisalign); C, Illustration demonstrating mesial root tip of all incisors, with overtreatment ranging 5°-7° (reproduced with
permission from Align Technology, the producers of Invisalign); D, Posttreatment records. The patient completed treatment after 1 set of
aligners only, comprising 60 total aligners: E, Pretreatment radiographs; F, Posttreatment radiographs.
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Ravera et al36 analyzed the effective amount of distalization
with clear aligner therapy in nongrowing patients, in which
distalization was 2.25 mm for the first molar and 2.52 mm
for the second molar when vertical rectangular attach-
ments were planned. Similar results were shown in the
study conducted by Garino et al.,37 with 2 mm of distaliza-
tion accompanied by 1 mm of intrusion. With these studies,
attachment designs and staging were considered impor-
tant to success. Hence, on the basis of the overall predict-
ability of the movement, overtreatment is not
recommended, but greater than 2 mm of movement should
not be expected.16,37,38 A potential reason for the improved
predictability of this movement may amount to the fact
that maxillary distalization often amounts to tipping the
AJO-DOCLINICAL COMPANION



Fig 6. A, Illustration of the Power Ridge feature to elicit lingual root torque with Invisalign (reproduced with permission from Align
Technology, the producers of Invisalign); B, Illustration of the SmartForce Features associated with Invisalign to facilitate a force
system for buccal root torque during arch development for a first molar (reproduced with permission from Align Technology, the
producers of Invisalign).
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crowns under the roots, as many Class II malocclusions
have a mesial anchorage loss over time. This is evidenced
by the fact that 80% of patients with Class II malocclusions
have maxillary molars rotated mesially. In contrast, man-
dibular distalization is not well reported in the literature.
Anecdotally, this movement is considerably less predict-
able than maxillary distalization and should be used on a
selective case-by-case basis in which the movement would
seem more favorable, such as in the recent third molar
extraction.

When space opening involves opening a room from the
collapse of interdental space caused by crowns tipping/
converging into space, then uprighting the crowns over the
roots should be predictable, as this would be considered a
tipping movement vs a bodily movement. However, if the
roots need to move apart as well to open room from loss
of interradicular spacing, then 5°-10° of overtreatment of
the root positions is indicated, as pushing occlusal to the
center of resistance makes this movement more challeng-
ing. Furthermore, this movement may often need a slower
rate of tray changes, again only changing the aligner when
it fits properly. Finally, staging for a full wrap of plastic
around the teeth needing root movement allows for more
predictable root movement, as does the use of vertical or
root control attachments.

Overtreatment techniques here would be to offset
the tendency of the crown to move ahead of the root
and mitigate side effects that would cause the curve of
Spee to steepen. This involves performing virtual gable
bends of the roots moving into the space, along with
the recommendation of segmenting staging to allow for
2024, Vol 00, Issue 00
a full wrap of plastic around the teeth moving into
space.

Common side effects of space closure involve greater
mesial tipping at the molars. At the incisors, greater extru-
sion and greater lingual crown torque are seen clinically as
a side effect of the inability of the aligner to level the curve
of Spee. “Dumping” of the buccal segment may also often
occur from this overall loss of control of the curve of
Spee.39 Anchorage preparation is recommended to proac-
tively mitigate the anticipated negative tooth movements.
Mesial root tip/distal crown tipping of the first molars with
root control attachments should be prescribed to maintain
normal angulation and attempted bodily tooth movement.
Segmented staging for space closure of premolar extrac-
tions is recommended, as described later. Overtreatment
of anterior intrusion and anterior lingual root torque, along
with appropriate supporting attachments, should be
planned in the software to mitigate the steepening of the
curve of Spee.

Current studies indicate worsening outcomes for expan-
sion moving from the canine areas toward the distal por-
tions of the aligners to the molars.36,37,40 The mechanical
behavior of the distal portion of an aligner shares similari-
ties to traditional fixed appliances, in which a decreased
amount of force is exerted by the end of the archwire as
the interbracket distance and the flexibility of the wire
increase. Henceforth, lower forces toward the molars
could result in less accurate movement with aligners in
this area as well.3

Furthermore, it has been reported that the mean accu-
racy of buccal transverse expansion in the maxillary arch
9
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was 75%, whereas the mean accuracy of buccal expansion
in the mandibular arch was greater at 87% molars.41-44

This may be due to the skeletal etiology of the clinical pre-
sentation of arch constriction. Often, the mandibular den-
tition tips lingually to compensate for skeletal transverse
deficiencies. Hence, the correction of the mandibular arch
development movements is more likely controlled tipping
movements without resistance, whereas in the narrow
maxilla, in which the teeth are already upright over basal
bone, expansion of the arch will likely meet resistance with
the buccal cortical plate leading to uncontrolled tipping
with consequent intrusion of the buccal cusp and plunging
of the palatal cusps. Hence, overcorrection recommenda-
tions based on expansion inaccuracies must be considered
cautiously, taking dentoalveolar relationships into
account.

Given that the aligner appears to have less efficacy
toward the terminal tooth, crossbite elastics may be
required to obtain a better transverse tooth relationships
in the molar areas. Overcorrection of maxillary arch expan-
sion is recommended to be prescribed into the digital plan
for predictable bodily movement, especially in the poste-
rior region, by 1-2 mm of increased buccal overjet. More-
over, appropriate attachments for buccal root torque are
important for better bodily movement control during arch
expansion.45 As with any buccal or labial movements, the
periodontal status must be taken into careful consider-
ation.
STAGING CONSIDERATIONS
Staging refers to the sequence and velocity in which the

teeth are moved with aligners. Once the initial and the
desired final positions of the teeth are determined, correc-
tive paths are devised between the 2.46 When setting up a
treatment plan in the ClinCheck software, staging is of par-
ticular importance in obtaining acceptable clinical predict-
ability.47 For example, it is challenging mechanically to
accomplish different tooth movements in several planes of
space at the same time. Conversely, staging the tooth
movements in separate planes of space is considered
more clinically predictable. This is an important concept
because the software automatically stages simultaneous
tooth movement by default.47,48 Although not deemed as
overcorrection per se, staging does, in many patients,
extend treatment time, which is a form of overcorrection in
that what is predicted initially by the software may not
offer enough treatment time for predictable clinical
expression of movements. Hence, stages may need to be
added to allow for the proper expression of outcomes.
Examples of staging are as follows:

1. Simultaneous staging, in which all the teeth of an arch
are moved together from the initial to the final stage.
This type of staging may have a negative effect on
complex tooth movements or arch leveling, especially
when space closure is needed.

2. Segmented staging, in which 1 small group of teeth is
moved, whereas another group is kept stationary to
improve or provide anchorage. This type of staging
may be preferred in complex malocclusions, espe-
cially ones that involve space closure. Examples of
this staging include (1) V-staging, which refers to the
distalization of the molars first, followed by premo-
lars, and ends with the retraction of anterior teeth; (2)
A-staging, which is the opposite of V-staging and is
characterized by the movement of the anterior teeth
in the anterior direction, followed by the posterior
teeth; (3) Frog-staging, which is used in patients with
extraction for improved bodily control. This staging
also increases the number of aligners, which may
allow for less bowing of the buccal segments as the
aligner has more time to level the curve of Spee,
allowing for fewer side effects such as anterior extru-
sion and increased lingual crown torque. This stag-
gered staging technique features the canines
retracted first for a series of stages, together with
some mesialization of the molars, and then a pause/
rest period. Then, the incisors are retracted for a
series of stages and then stopped. The canine move-
ment is restarted for another several stages, and
stopped, followed by further incisor retraction. This
pattern is repeated until the extraction spaces are
closed and the incisors fully retracted49; and (4) G6
staging, which is automated segmented staging from
Align Technology, either for maximum or moderate
anchorage of premolar extraction site space closure.
Specific SmartForce Features with staging and attach-
ment designs are automated and implemented.
CONCLUSIONS
Conceptual overcorrection of digital movements is a

strategy to enhance the effectiveness of Invisalign out-
comes by planning more tooth movement than the pro-
posed digital outcome or by altered staging to allow for
increased treatment time or an improvement of biome-
chanics. Inherent to the suggestion of digital overcorrec-
tions is the message that doctors need to make
modifications to the digital treatment plan for ideal out-
comes (Table). Accepting what is given by the manufac-
turer solely will lead to outcomes that may not serve the
best interest of the patient or provide the intended goal of
treatment.50 By “doctoring” the digital treatment plan, dig-
ital overcorrections can help to overcome some of the limi-
tations and challenges of Invisalign treatment, such as
complex or multidimensional tooth movements, aligner
material inefficiency, or differences in patient biologic
responses to treatment. Digital overcorrections should be
AJO-DOCLINICAL COMPANION



Table. A summary of overtreatment recommendations described in this article, with associated considerations

Movement Overtreatment
recommended

Other
considerations

Attachment
considerations

Tipping None May lead to unintended consequen-

ces (ie, the intrusive tendency dur-

ing labial tipping)

Only if combined with

other movements or

anchorage needs

Intrusion 50%-100% Of the total

ideal movement

predicted

More predictable during labial move-

ment for incisors, more challenging

during lingual movement of incisors

Required on the adjacent

teeth for anchorage

Extrusion None anteriorly; posterior

only when adding reverse

curve mechanics

More predictable during lingual

movement, less during labial move-

ment or down the long axis (may

need elastics to finish)

Either optimized or con-

ventional beveled

attachments needed

Rotation 5° Additional correction Decreases in predictability if >15°

needed total, may need auxiliaries

Either optimized or con-

ventional needed

Root
movement

5°-10° Additional

correction

May benefit from the interproximal

wrap of plastic and segmented

staging

Either optimized or con-

ventional needed

Torque Double up to 15°; after that

add an additional 15°

May need more time than 1 wk; no

more than 1° per aligner

recommended

Horizontal beveled

attachment when Power

Ridge feature not used

Expansion 1-2 mm, Increasing more

toward molars

Skeletal etiologies and limitations

need to be considered carefully

Recommended, espe-

cially when buccal root

torque desired

Moshiri

Month
based on experiential judgment and must be closely moni-
tored clinically.

Ideally, the exaggeration of digital movements
should be supported by evidence-based research and
guidelines, which are currently scarce and inconsistent.
Therefore, more high-quality studies are needed to
evaluate the efficacy, safety, and long-term effects of
overtreatment of proposed movements with Invisalign
treatment. Ultimately, it should be accepted that full
resolution of any malocclusion rarely occurs in 1 set of
aligners only. Digital overcorrection strategies should
be targeted to achieve major movements in the first set
of aligners. Refinements should be accepted as a part
of the treatment plan, rather than a failure or lack of
efficacy, and used to detail movements that did not
express 100% in the first set.
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