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           It hasn't been that long since the idea was born: SAS. About a year
ago, Dani (my partner) and I, Luis, decided to embark on the adventure of
creating Smart Aligner Services, a company aimed to help other
orthodontists plan their invisible orthodontic treatments. 

At the beginning, all we had were doubts: would it work?, would it be well
received? And so many other questions that are better left unanswered. I
suppose the same thing happens in any other life aspect when you face a
new situation for the first time. We could compare it to the first time we do
a ClinCheck, where we don't even know where to start or what to ask the
technicians. But, step by step, through dedication and trial and error, we
have been learning and we have seen that hard work pays off. We are
currently working with doctors from many countries, from Mexico to
England, Slovenia or Russia. Honestly, we find it incredible to be able to
support so many orthodontic colleagues in their treatment plannings. But
what surprises us the most is that this is just the beginning. 

Obviously, not everything is a bed of roses, we always have our ups and
downs, but our passion and hard work drives us to improve day by day
and to offer you the best of us. Whether in the form of courses, mentoring,
webinars or books, our main motivation is to give you any idea or advice
that can help you to improve your orthodontic treatments or to solve any
unexpected problem that you could have. And, talking about mentoring, I
want to thank Javi (Javier Lozano, you all know him), although I know he
doesn't like to be cited here, for his support and help in this adventure. He
has been our "mentor" or, simply, the person who has been there and who
has encouraged us to take a leap forward. Whatever it is, thank you Javi. 

Leaving the emotional part aside, we are very excited about this project.
Seeing the response it is getting from doctors around the world
encourages us to keep creating new content and to keep striving to give
200% in everything we do. This book is a small part of everything that is
to come. In it, we address from concepts repeated ad nauseam to new
ideas or theories resulting from our clinical practice with which we hope
you can go a step forward and improve the quality of your orthodontic
treatments. 

Enjoy it. 

About us...
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          Class II malocclusion is one of the most common
malocclusions in the Caucasian population, with a prevalence
ranging from 15% to approximately 23%. The origin of the
malocclusion may be due to multiple factors, both genetic and
environmental. However, in this book we will not dwell on the
possible causes of Class II malocclusion. There is extensive
literature on this subject in a multitude of orthodontic books. 

We will begin directly with the analysis of the clinical
characteristics of the patient in order to determine the appropriate
diagnosis. To make this analysis simpler, it will be divided into
different sections: 

Extraoral analysis

Intraoral analysis: 

Radiographic analysis:

DIAGNOSIS



EXTRAORAL ANALYSIS
          Extraoral photos provide us  with
information regarding the patient's  soft
tissues and underlying bony structures. 
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Lateral photograph:

          As a general rule, Class II patients
have a retrognatic or hypoplastic lower
jaw, but depending on its direction of
growth, the profile may be more or less
convex. 

Fig. 1.a. Patient with vertical growth pattern. This pattern increases the convexity of the profile, accentuating the
skeletal discrepancy. Fig. 1.b. Patient with balanced growth pattern. Fig. 1.c. Patient with an horizontal growth
pattern where the skeletal discrepancy is masked by the anterior direction of mandibular growth and symphyseal
anatomy. 

Depending on the convexity of the profile
and other measurements, such as the
nasolabial angle, the mentolabial angle, the
chin prominence, etc. We will decide
whether to correct the skeletal discrepancy
by retrusion of the upper arch or by
advancing the lower arch. In adult patients
there is no possibility of mandibular
growth (and, in growing patients, the
orthopedic effect is limited), so, in cases
where mandibular advancement is
required, we should suggest to the patient
the option of orthognathic surgery. If the
patient refuses this procedure, other
therapeutic alternatives (distalization,
premolars extraction, etc.) should be             

Frontal photograph:

         In the frontal photograph we look at
any possible skeletal asymmetries and,
related to them, the relation of both
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considered, assuming that they may have
negative consequences on the profile,
even if an improvement in the position of
the teeth and occlusion is achieved.

dental midlines with respect to the facial
midline. In Class II treatment, as in any
orthodontic treatment, we seek an esthetic
improvement of the patient's smile. One of
the most important esthetic parameters is
the position of the upper dental midline
with respect to the facial midline. Studies
said that deviations of less than 2 mm are
hardly or not at all noticeable by the
average citizen (as we orthodontists are
"trained" in this, it is easier for us to detect
them). Knowing this fact, one of our
treatment objectives is to improve (if it is
deviated) or maintain (if it is centered) the
upper midline, taking into account that
range of "acceptable" deviation from 0 to     



1Extraoral analysis

2 mm. What does this mean? That
perfection is not always necessary to get a
good result and a happy patient. For
example, if both dental midlines are
deviated to the same side with respect to
the facial midline, unless it is a noticeable
discrepancy, we will assume that slight
deviation, matching the position of the
more deviated dental midline with the
position of the less deviated dental midline. 

Fig. 2. Frontal photograph. This image shows an
upper midline deviation of 1 mm to the left and a
lower midline deviation to the right of 3 mm with
respect to the facial midline.

Once we have understood the point of
which midlines are going to be maintained
or displaced, the next step is to plan the
necessary movements to achieve the
diagnostic objectives and the anchorage
required for this. This last aspect is,
perhaps, the most complex to determine,
because no planning software is currently
able to calculate what impact the forces
applied by the aligners have or what forces
are necessary to ensure that the planned
movements go in the desired direction and
are expressed in the patient's mouth in the
same way as in the virtual simulation. We
will discuss this in more detail later in this
chapter.

Another non-quantifiable characteristic
revealed by these photographs is the
patient's muscle tone. There are no studies

 on this subject (there are articles that
analyze the effects of occlusal forces on
aligners, but they do not detail the
consequences of these forces on heavy
grinders) and the statements below may
not be entirely true, but in our clinical
experience, clear aligner treatments in
patients with high muscle tone are more
complex than usual. When the patient
constantly clenches his teeth, there are
certain movements, such as distalization or  
curve of Spee leveling, that become less
predictable. This type of patient is easy to
identify: they have a brachyfacial pattern,
square-shaped jaws with a very marked
anatomy, highly developed masseters and
it is common to see them clenching
unconsciously during the day
intermittently, especially if they are
performing tasks that require
concentration or when they are under
stress. 
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Fig. 3. Brachyfacial patient, with marked development
of the masseters and high muscle tone.

Unlike braces, which are fixed on the
buccal surface of the teeth, aligners cover
the entire tooth surface, including the
occlusal surface. If the patient clenches or
grinds with the aligners in place, two
phenomena occur:



It increases material fatigue, worsening
its physical properties more rapidly. On
average, a human being exerts a force
of about 3 kg (30 N) when swallowing
saliva and between 13 and 72 kg
when chewing. If we add the time of
application of the forces during
parafunction (bruxism), which range
between 30% and 60% of the
maximum chewing force, we can
deduce that the more the patient
grinds, the less time it takes for the
plastic to deform or see its properties
reduced. 

A new element is introduced into the
planned force system. The occlusal
forces resulting from clenching will
have an effect on the teeth, especially
in the posterior sectors, which are the
ones that suffer the most from the
grinding load when the patient wears
the aligners. These forces can cause an
undesired intrusion of the teeth, which
can even be accompanied by a slight      

1

4

flaring of the crowns of the upper
teeth towards the buccal side. Apart
from these undesired effects, another
"problem" that can be caused by these
forces is that the occlusion itself may 
 block sagittal movements. Thinking
about molars as slopes or inclined
planes, the teeth of the lower arch
may block the upper teeth distalization
if they are in close contact. To solve
this problem, we need to create
disocclusion between upper and lower
teeth. This disocclusion will facilitate
distal movements and it can be
achieved by placing bite ramps on the
anterior teeth. Aligners bite ramps,
unlike those used in fixed orthodontics,
are removable and are deformable if
the patient presses too hard, so their
effectiveness is not always as
expected.

Fig. 4.a. Posterior contact of the aligners when the patient closes the mouth. Fig. 4.b. Forces scheme generated
when the distal surface of the upper molar contacts the mesial aspect of the distal cusp of the lower molar. These
forces oppose the distalization force of the aligner and can hinder the movement of the molars. 

Extraoral analysis



INTRAORAL ANALYSIS2
Frontal photograph:

          In this picture we will assess the
width of the alveolar bone of the upper
and lower jaw, being able to detect any
type of anomaly at the transverse level.
These types of skeletal discrepancies can
be easy to recognize, such as crossbites or
scissor bites, or not so obvious. In some 
 cases with bone discrepancy, the teeth
are adapted or "compensated" to this
skeletal discrepancy to achieve an
acceptable occlusion, hiding the skeletal
problem.

In Class II malocclusions, especially if there
is a skeletal discrepancy, the mandible is
usually smaller than the maxilla. This can
occur both anteroposteriorly and
transversely. If, transversely, the width of
the lower basal bone is smaller than that of
the upper basal bone, it will be necessary
to adapt the treatment objectives to these
limitations. In other words, the lower arch
will limit the expansion of the upper arch. If
both arches are expanded and end up with
all the teeth in their "ideal" position with
respect to their basal bones and with 0º
posterior torque, the skeletal problem will
be decompensated. This situation will not
allow us to finish the treatment with a
good occlusion. 

Lateral photographs:

          In these photographs we will
determine the severity of the sagittal
problem, being able to quantify the
millimeters of Class II to be corrected. This  
information should be written to the
technician in the initial instructions. These
photos will also help us to see how much 
 proclination of upper and lower incisors
can be made (together with the lateral x-
rays) by looking at the cortical thickness
and the gingival biotype. This data is
especially relevant in the lower incisors,
because the prolonged use of Class II
elastics has a mesialization effect on the
lower arch that can cause lower incisors
proclination.

Fig. 5.a. Class II case where there is no discrepancy
between upper and lower basal bone. Fig. 5.b.
Example of skeletal discrepancy in which the width of
the mandibular bone is much smaller than the width
of the maxilla. In this case, the limits for lower
expansion affect the possibilities of upper expansion.

Figs. 6.a. and 6.b. Patient with retroinclined upper and
lower incisors. This situation allows us to apply the
P.I.R. protocol without the risk of recessions. Figs. 6.c.
and 6.d. Patient with proinclined upper and lower
incisors, with recessions and thin gingival biotype. In
this case round-tripping movements are not
recommended. 

Occlusal photographs:

          In these pictures we will see the 
 possibilities of expansion, the crowding 
 and the position of the molars. With these
three elements we will make a mental
scheme on how we are going to correct
Class II malocclusion. 
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Expansion: The greater the expansion
capability (remember that expansion of
both arches  is limited by the lower
basal bone), the lesser the needs of
upper arch distalization, because we
will be able to make a greater lower
mesialization without the risk of
proinclining lower incisors. 

Fig. 7. Compressed lower arch with negative torque
in posterior sectors. The image on the right shows
how, thanks to the planned expansion (white teeth),
the 4th quadrant can be mesialized 3 mm without
proclining the lower incisors beyond the position of
31 (in yellow the initial situation).

Upper molars: In most Class II cases,
upper first and second molars are
mesially rotated. By correcting molar 
 rotation, pivoting on their palatal root,
the crowns will move distally. This
movement of distal rotation will
improve the molar relationship and will
generate a space mesial to the first
molars that will be used by the
bicuspids and anterior teeth to retrude.
The greater the distal rotation planned,
the lesser the need for en-masse
distalization, so it will be easier to
achieve Class I molar relationship.

Fig. 8. Derotation, expansion and distalization movements
of upper molars. These movements can be done
simultaneously, it is not necessary to sequence them.

Crowding: The severity of the
crowding, together with the Bolton
discrepancy, will condition the amount
of IPR planned to align the teeth of
both arches. It should be noted that
crowding can be favorable or against
to midlines centering. For example, in
those cases with asymmetric Class II
and a centered upper midline, if the
patient has more crowding on the side
where the Class II is more severe, we
can make a greater distalization on this
side without the risk of deviating the
upper midline, since this greater
distalization will create more space to
solve the anterior space problem.
Likewise, the absence of crowding can
also be a limiting factor for distalization
of the upper arch, since we cannot
deviate a centered upper dental
midline. This subject will be discussed
in detail later. 

6

2Intraoral analysis

Fig. 9. Case of asymmetric Class II. The anterior
crowding allows more distalization of the first quadrant
than the second quadrant without deviating the upper
midline. 



RADIOGRAPHIC ANALYSIS:3
Panoramic X-rays:

          This radiograph provides us a 
 compete overview of the patient's
periodontal status, possible caries,
infections, etc., and helps us to determine
whether it is necessary to extract teeth to
correct Class II malocclusion and, if so,
which teeth should be extracted. In
growing patients, it is not very common to
extract teeth to correct the sagital problem,
unless there is severe crowding, in which
case premolar extractions would be
considered. In these patients, the
extraction of wisdom teeth is anecdotal,
not only because they are still developing,
but also because the current therapeutic
trend is focused on solving the sagittal
problem by means of "mandibular
advancement" or lower mesialization. In
Class II adult patients, we will normally opt
to distalize the upper arch, so we will need
the space of the upper wisdom teeth to
move the molars distally through the
tuberosity bone. 

These concepts sound simple, but in our
day-to-day practice some situations may
arise in which upper wisdom tooth
extractions are not the best option for the
patient. First of all, if they have not erupted
and are above the center of resistance of
the second molar, there is no reason to
extract them if the necessary distalization
is 1-2 mm, as this amount of distalization
can be achieved only by crown distal tilt.
For many reasons, teeth naturally have a
mesial inclination, so it is not necessary to
perform an en-masse movement if the
distalization is small. The third molar will
act as a fulcrum on which the root of the      

second molar will pivot. If the third molars
are impacted but the distalization is
greater than 2 mm and we need to extract
them to take advantage of this space, we
should make an interconsultation with the
surgeon to assess the complexity of the
extraction and the risk-benefit of the
extraction for the patient. In other words,
although from an orthodontic point of view
it is easier for us to extract a wisdom tooth,
if the surgeon considers appropriate to
extract another piece due to the difficulty
of the intervention, we will have to adapt
to his decision, even if that means greater
biomechanical complexity. The patient's
health is our first priority, not the ease with
which we are going to solve the case.

Fig. 10. Class II case in which the upper second
premolars were extracted. The extraction of the upper
wisdom teeth, due to their position and proximity to the
sinus, was contraindicated. 
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In second place, the presence of teeth in
poor condition can also tip the balance
against wisdom teeth extractions if they
are healthy and in a favorable position to
be moved (if they are sufficiently erupted
for being embraced by the aligner). For
example, if we have a Class II case where
the upper first molars have root canals         



and filtered reconstructions, we will choose
to extract them if the wisdom teeth fulfill
the conditions previously described. The
long-term prognosis of these first molars is
not favorable. Let us suppose that we
decided to extract the wisdom teeth,
correct Class II by means of upper
distalization and, 5 years later, the patient
has problems on the first molars that force
him to extract them and place two
implants. If we have opted for this
treatment option, we should ask ourselves:
to what extent has the orthodontic
treatment benefited the patient?, does it
not make more sense to extract the teeth
in worse condition in order to achieve a
healthier and more functional mouth in the
long term? In this situation, first molars
extraction and spaces closure is the most
complex treatment option, but the
advantages that the treatment brings to
the patient are clearly superior compared
to wisdom teeth extraction.

 with the least survival probability in
pursuit of a goal: to win. In our case,
improving the general condition of our
patients' mouths will be the equivalent of
"winning". If, in order to do so, we have to
opt for extractions that may increase the
biomechanical complexity of the case, it is
up to each professional to make a decision. 

Lateral X-rays:
 
          This radiological test will give us
information about the patient's facial
pattern and the inclination of the upper
and lower incisors. If we do cephalometric
analysis, we can also clarify the severity of
the skeletal discrepancy, the origin of the
problem (maxillary, mandibular or mixed
cause), the inclination of the occlusal
plane... a multitude of useful data to obtain
a good diagnosis. The most relevant
aspects for us are those that we can
modify or those that are going to affect us
in the treatment. These are: 

Incisor inclination: We measure the
inclination of the upper and lower
incisors with the IMPA and Tweed
angles respectively. In a Class II
patient, the biggest limitation that
exists is the amount of proclination of
the lower incisors that we can do
without compromising the periodontal
status of the patient and the stability of
the case. It has been demonstrated
that a lower incisor inclination greater
than the values established by Tweed
increases the risk of recession and
post-treatment relapse. The use of
Class II elastics has a mesializing effect
that, in some cases, will procline the
incisors (although this effect is not
observed in the virtual planning).            
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Fig. 11. Case in which extraction of the upper first
molars was chosen as an alternative to wisdom teeth
extraction. The prognosis of these teeth, devitalized
and with large fillings, was worse than that of the
upper wisdom teeth.

Extracting teeth in orthodontics is like
playing chess, a game in which we
sacrifice the less important pieces or those  



The only way to "measure" this
movement is to superimpose the lateral
radiographs of the beginning and the
end of the treatment. We can also ask
the technician to simulate the effect of
the elastics with the virtual jump of the
lower arch, even in adult patients. But,
is one measurement enough to
determine how far we can proincline
the lower incisors? 

Fig. 12.a. Proper lower incisor inclination. Fig. 12.b.
Proclined lower incisors. 

Occlusal plane inclination: As a general
rule, Class II cases are characterized by
a clockwise rotation of the occlusal
plane. The conventional mechanics of
Class II correction through the use of
interarch elastics tends to increase this
clockwise rotation, since the force
vector of the elastics extrudes the
upper anterior zone and the lower
posterior teeth. If we have a case in
which the inclination of the occlusal
plane is very marked and/or is
accompanied by a gummy smile, the
treatment plan will be focused on
achieving a counterclockwise rotation
of the occlusal plane while correcting
the sagittal problem using auxiliary
techniques, such as miniscrews or
miniplates.

Fig. 13. Patient with excessive gingival exposure and
negative torque on the upper incisors. To correct the
gummy smile while correcting Class II, miniscrews
were placed in the maxillary anterior area to change
the inclination of the occlusal plane and counteract the
clockwise rotation effect of Class II elastics. 

facial pattern and symphyseal width.
And, with this fact, we will answer one
of the questions written above. In a
brachyfacial patient, the symphysis will
be wider than normal, it will have a
greater bone volume that will allow us
to procline lower incisors without any
fear of creating recessions and even
exceed the Tweed values as required
by the case. In a dolichofacial patient,
the opposite will occur. This patient
will have a narrow symphysis, little
bone width. If we procline lower
incisors, even if the inclination remains
within the values considered as "safe",
there is a possibility of recession
caused by this movement, especially if
it is accompanied by a rotational
movement. As explained in the first
pages, patients with increased muscle
tone may have "obstacles" with some
movements. Occlusal forces are a
factor to keep in mind when treating a
patient with aligners, as these forces
will have a greater impact than in fixed
orthodontic treatment. Generally,
brachyfacial patients are those with
above average muscle tone and a
smaller than normal freeway space. If
aligners (0.75 mm thick each, 1.5 mm   

9

3Radiographic analysis

Facial pattern: Does the patient's facial
pattern influence in a Class II
treatment? More than you can imagine.
First, there is a relationship between      



 thick in total) are placed in a patient
whose freeway space is less than 1.5
mm, what will happen? It is very likely
that the patient will clench while
wearing the aligners, significantly
reducing their effectiveness in the
posterior region. The forces exerted by
the plastic on the teeth, as opposed to
the chewing force of the patient, are
negligible. At the opposite extreme, we
have dolichofacial or long-faced
patients. These patients have a more
relaxed muscle tone than normal and on
rare occasions they will clench when
wearing aligners. In these cases,
distalization movements usually have no
occlusal obstruction, but prolonged use
of Class II elastics can extrude the
molars, aggravating the vertical
problem, as the occlusal forces do not
oppose the extrusive effect of the
elastics. With these two extreme
situations, we have given two examples
of the impact of the facial pattern on
treatment, but there can be as many as
patients. There are different methods
(quantitative and qualitative) to discern
the patient's facial pattern. Among the
quantitative ones, Ricketts VERT index
is the most complete in our opinion, and
among the qualitative ones, Bjork's
structural analysis is undoubtedly our
favorite. Combining both with extraoral
photos, we can get an idea of how the
patient's facial pattern will affect our
treatment.

Fig. 14.a. Patient with vertical growth pattern. Fig.
14.b. Patient with horizontal growth pattern.  

patients in which not even 50% of the
planned distalization will be achieved.
No two patients are the same. 

Diagnosis goes beyond a collection of
numbers. Although we try to simplify it,
it is not always easy, as it involves a
multitude of interrelated elements.
These combinations sometimes cause
cases to evolve differently from what we
had initially thought. For this reason, in
this first part we have not tried to make
a detailed compendium of all the
existing diagnostic techniques and
cephalometric analysis. All that is
explained in other books much better
than we can explain it. In this
introduction, we have only highlighted
the points that, in our humble opinion
and from a global perspective, we find
most useful in our daily clinical practice
for the diagnosis and treatment of Class
II with aligners. 
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As you can imagine, orthodontics is not
maths or physics, it is not an exact
science. There will be cases of
brachyfacial patients in which the
molars will be distalized with no
problems and cases of dolichofacial         



* Special considerations in growing
patients treatment

The Class II treatment in a growing patient
has different characteristics than in an
adult. In a child/adolescent, there is still the
possibility of take advantage of the
remaining growth of the patient and make
an orthopedic treatment to improve the
relationship between the maxilla and the
mandible. Therefore, if we treat a Class II 
 patient with a mandibular growth deficit,
we can use a device to stimulate or
redirect mandibular growth by anterior
repositioning of lower jaw. Mandibular
advancement treatment with aligners
tends to achieve the same effect as the
classic functional appliances for treating
Class II (Bionator, Twin-Block, Herbst...)
but with greater comfort for the patient. 

In these patients, one of the objectives of
the diagnosis is to determine the right time
to perform the treatment. By taking a
lateral X-ray and observing the patient's
vertebrae shape, it is possible to determine
what stage of growth the patient is in
according to the cervical vertebral
maturation index of Baccetti et al. The best
time to perform a mandibular advancement
treatment coincides with the patient's
pubertal growth peak (between CS3 and
CS4) or a few months after it. This is the
period when we can best take advantage
of the patient's growth potential and
achieve a greater orthopedic effect in less
treatment time. Although these concepts
are correct, studies show that, clinically,
the real effects of these treatments are
different from companies claims. The
effects achieved with a mandibular
advancement device, whether aligners or
other functional appliances, and the effects
of the use of Class II elastics are not very     

  Fig. 15. Cervical vertical maturation index. Baccetti et
al. 

different. It is true that, apparently, major
changes in the patient's profile are
observed after the "mandibular
advancement" phase, although these
changes are not purely orthopedic. 
 

On one hand, the intrinsic growth of the
patient during the pubertal peak will favor
this change in the patient's profile. On the
other hand, the scientific evidence is
revealing regarding the effects of
orthopedic devices. Their ability to modify
growth, that is, to make the mandible grow
or reposition it anteriorly, is limited, and
their dentoalveolar effect is much greater
than expected (retroinclination of upper
incisors and proclination of lower incisors).
These dentoalveolar changes cause
changes in the soft tissues, since the teeth
are the support of the lips, notably
improving the patient's facial appearance.
With elastics, however, the effect achieved
is practically dentoalveolar.

In a growing patient, it is not often
necessary to correct Class II by means of
upper distalization (except in cases where
the cause of the skeletal problem is an
excessively advanced maxilla or there is
some asymmetry that requires distalization
of one of the upper quadrants). In 95% of
patients we will choose to solve the
sagittal problem by mandibular
advancement and mesialization of the
lower arch. For this reason, the upper
wisdom teeth extraction, commonly done    
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in adult patients, is a therapeutic option
that we rarely see in growing patients. 

12

3Radiographic analysis



13

Distalization

Curve of Spee

Anterior alignment

Dental midlines

Elastics

Virtual jump

Attachments and bite ramps

          In this section we are going to explain the different basic
biomechanical aspects needed to know how to treat Class II
patients with invisible orthodontics. It is structured in such a way
that it will serve as a guide or "checklist" when you are working on
your virtual planning. 

With these concepts in mind, it will be much easier to understand in
depth how aligners work and be able to plan these treatments
safely and predictably.

The sections to review are:

BIOMECHANICS



          Since clear aligner treatment
appears, Class II correction by sequential
distalization has become one of the most
common procedures. As in fixed
orthodontics, in aligners treatment the
distalization movement should be
sequenced in one way or another in order
to achieve it properly. Distalization is a
more complex movement than
mesialization, both in Class II and Class III
cases. For example, if a Pendulum
appliance is placed in a patient to solve his
Class II malocclusion, molar distalization is
the first step achieved and then, the
premolars begin to move (due to the
traction produced by the stretching of the
transeptal fibers); if a Sliding Jig is placed
together with fixed appliances, the
distalizing force of this device is also
concentrated on the molars to distalize
them first and then move the teeth anterior
to them... and we could continue writing
about any other sequential distalization
techniques prior to the appearance of           

DISTALIZATION1

Fig. 17. "Rocket" pattern: 1/2 sequential distalization simultaneously to anterior upper teeth alignment (esthetic
start).
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Fig. 16.a. Sliding Jig. Fig. 16.b. Hilgers Pendulum with
skeletal anchorage. 

clear aligners.

Sequential distalization with aligners can be
done in different distalization patterns. We
will describe below the ones we use most
frequently in our daily practice. 

1/2 Distalization pattern:

          This distalization sequence is
characterized by not moving more than two
posterior teeth at a time. It begins by
moving the second molar and, when it is
half way through, the first molar begins to
move. Until the second molar finishes its
movement, the second premolar will not
start to distalize, and so on.  



This sequence is the most commonly used
of all, since by moving a maximum of four
teeth simultaneously (two in each
hemiarch), conventional Class II elastics
will provide enough anchorage to achieve
this planned distalization. 

When the molars finish their movement
and the premolars are distalizing, it is time
to move the anterior teeth. We usually do
canines and incisors en-masse retrusion
simultaneously, but it can also be
sequenced, starting with the distalization
of canines first and the distalization of
incisors afterwards. By increasing the
sequence of movements, their
predictability will be improved, but it will
also lengthen the treatment time, so the       

Fig. 18.a. Molars distalization and incisors proclination,
anchorage in premolars and canines (not moving). Fig.
18.b. Retrusion of the anterior teeth, anchorage on
molars. 

Fig. 19. When the molars and second premolars have finished their distalization, it is time to retract all the
anterior teeth and first premolars.

pros and cons of both options should be
evaluated in each case.
 
In most cases, as we have said before, we
will retrude from canine to canine
simultaneously, but we have to decide at
what moment this retrusion should be
performed. If we have planned a
distalization movement of more than 2
millimeters, we will wait until the second
premolar finishes its movement to begin to
retrude the anterior front. In this way, the
first and second molar, the second
premolar and the Class II elastics act as an
anchor unit against the anterior segment
retrusion.

If the distalization movement is less than 2
millimeters, we can ask the technician to
start the retrusion of the anterior teeth
when the first molar has finished its
movement and the second premolar has
completed half of its movement. With this
sequence modification, we will reduce the
number of aligners, but we must be sure
that we can use Class II elastics 24 hours a
day in order not to lose anchorage. 

1Distalization
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Fig. 20. Class II treatment progress by sequential distalization with 1/2 pattern and Class II elastics.

One of the reasons for shortening the
treatment sequence in these cases is that
the fewer millimeters of upper arch
distalization, the less risk of anchorage
loss. There are other reasons related to
mesial angulation of the teeth and en-
masse and tilt movements that will be
addressed in other publications.

This sequence can also be requested in a
distalization greater than 2 millimeters
where skeletal anchorage is used, i.e.
when miniscrews are placed. This
anchorage can be direct (retromolar or
infrazygomatic miniscrew) or indirect
(interradicular miniscrew). The anchorage
provided by miniscrews allows more teeth
to be retruded simultaneously without the
risk of losing posterior anchorage. 

Fig. 21. Infrazygomatic miniscrews on the first and
second quadrant used as direct anchorage together
with Class II elastics to distalize the upper arch.
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1/3 Distalization pattern:

          This sequence is characterized by
having a maximum of three posterior teeth
moving at the same time. It starts by
distalizing the second molar. When its
movement reaches 1/3 of the way, the first
molar begins to move. When the first
molar has completed 1/3 of its movement    

Distalization

and the second molar has completed 2/3
of its movement, the second premolar
starts distalizing... and so on. 

In this sequence, unlike the previous one,
the initial anchorage required is greater, so
it can only be applied in those cases where
we can use elastics from the beginning of
the treatment 24 hours a day or if we are
going to use skeletal anchorage. We
should be cautious when distalizing so
many teeth simultaneously, as we will
have six teeth "facing" the rest of the arch.
This may increase the loss of anchorage
considerably. 



Fig. 22. 1/3 Distalization pattern. On the right part of the image the evolution panel shows the sequence of tooth
movement. 

Fig. 23. Diagram showing the molar distalization
achieved with the Pendulum appliance and the
anchorage loss that occurs in the anterior region.
Serafin et al. 
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We might think that, since dental
movements are more easily produced in
growing patients, this distalization pattern
is the most suitable for them, but the
reality is quite different. The same facility
for distalizing the molars, the same facility
for losing anchorage in the anterior area.                    

upper molars. The study was performed in
growing patients and, despite the
Pendulum being a dentomucosa-
supported appliance, they found anterior
anchorage loss. 

This example, although not with aligners,
serves to make us aware that anchorage
loss is easier than we think, whether in
children or adults. 

Simultaneous molar distalization:

          This option is the least frequent of all,
and its use is reduced to those occasions
in which a retromolar miniscrew is placed. 
 A power chain is hooked to this retromolar
miniscrew and to the buttons cemented on
the buccal and palatal sides of the first and
second molars. The force created by the
power chain, together with the maximum
anchorage of the miniscrew, allows the
first and second molar to be moved at the
same time without the risk of losing
anchorage. As the movement does not
depend on the force of the plastic, the
aligners act as a "guidance" of the
movement. That fact allows us to move       
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facility for losing anchorage in the anterior
area. We only have to check the literature
to prove it. In the study by Serafin et al,
where they analyzed the dental effects of
the Pendulum (an appliance that uses the
upper premolars and the anterior region of
the palate as anchorage to distalize the
upper first molars), they found a loss of
anchorage of between 24% and 49% in
the anterior region when distalizing the       



 both molars at the same time. The
movement of the premolars and the rest of
the anterior teeth can be requested
sequentially, using the 1/2 or 1/3 pattern
according to the needs of the case.
Although the miniscrew acts as maximum
anchorage, it is advisable to somehow
sequence the movement of the other teeth
so that there is more plastic surface
surrounding the crowns, what enhances
the control of the dental movement. 

Fig. 24. Example of upper molars distalization with
direct anchorage to a miniscrew placed in the
maxillary tuberosity. A "horse bridle" power chain
was placed, attached to the buccal and palatal
buttons of first and second molar to exert the
necessary force to move them distally. 

When the distalization of the molars is
completed, and they are in Class I, the
power chain can be removed and replaced
by a tight metal ligature from the head of
the miniscrew to the molar buttons. With
this ligature, the position of the molars is
maintained, preventing them from
mesializing when the plastic begins to
retract the anterior teeth. 

Having seen the most commonly used
distalization patterns, is time to make a
brief review of the literature of the
distalization movement and its limits.
Among the different movements analyzed
in clear aligner therapy, distalization is one
of the most predictable. It has been
demonstrated that, up to 2-3 millimeters of
distalization, aligners achieve a good
control of both the root and the crown.
Beyond that distance, tooth control
worsens and a more marked distal crown
tilt begins to occur. 

1
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As mentioned above, the aligner does not
play an active role in the movement of the
molars, since the distalizing force comes
from the power chain. However, it is
advisable to place a vertical mesial beveled
attachment on the first molar mesial to the
button cutout to ensure the correct fit of
the aligner during retrusion of the anterior
teeth. If this attachment is not placed, it is
possible that the aligner will unset in the
molar region and anterior distalization
movement will not occur. The button
cutouts on the buccal and palatal surfaces
of the molars reduce the surface of the
aligner that is in contact with the teeth, so
it is necessary to ensure its retention by
placing attachments. 

Fig. 25. Schematic of the effects produced by the
aligners in a molar distalization of 2.5 millimeters.
Ravera et al. 

These measurements give us an idea of
how much "predictable" distalization we
can do with aligners and conventional
elastics in Class II malocclusion. For
example, if we decided to treat a Class II
patient planning 5 millimeters of upper
distalization, it may be necessary to place
miniscrews or opt for a different treatment  
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 plan, such as premolar extractions, to
avoid doing such a large distalization. The
term "predictable" is in quotes because
millimeters of distalization is not the only
factor that influences the predictability of
such movement. There are multiple factors
that can make distalization  movement
extremely complex, even a few millimeters.
Another reason why we avoid
distalizations greater than 3 millimeters is
the treatment time. If we do a distalization
of 4-5 millimeters, the number of aligners
required for this will be excessive. As a
general rule, we try to keep the first phase
to no more than 11-12 months of
treatment, since the predictability of the
movements (of all movements, not just
distalization) after those months of
treatment tends to decrease, no matter
how precise and sophisticated the system
is.

1Distalization



          In Class II malocclusion, the lower
curve of Spee can be compared to a road.
The flatter it is, the less effort it will take to
move the bike forward. The steeper it is,
the harder it is to pedal, and if we run out
of energy halfway through the ride, we
may even back up and go downhill. 

Fig. 27. Hypercorrection of lower second molar
intrusion. 

CURVE OF SPEE2

Fig. 26. Pictures comparing a road and the curve of
Spee. 

Lower second molar intrusion: At the
same time that the lower second            

When correcting Class II, either by
distalization, mesialization, or a
combination of both, an exaggerated curve
of Spee can cause unwanted contacts
between the upper and lower arch teeth
that may block the correction of the
sagittal problem. These blockages can
occur between:

Second molars:

          If the upper second molars start to
distalize in a Class II patient who has lower
second molars more extruded than the
lower first molars, the upper distalization
movement may not occur, no matter how
small the distalization is. To reduce or
alleviate this blockage there are two
therapeutic strategies: 

Occlusal adjustments: The intrusion of
the lower second molars is not always
enough to prevent the blockages or
heavy contacts with upper molars.
Although in the virtual planning we 
 can see a free space between the
occlusal surfaces of the upper and
lower molars, it is possible that in the
patient's mouth there will still be
contacts between the molars, since       
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molars are intruded, the rest of the
teeth of the lower arch will be leveled,
flattening the curve of Spee and
"clearing" the way for the upper
distalization. To achieve the leveling of
the lower second molar, it is
recommended to place a horizontal
attachment on the distal part of the
buccal side of the lower first molar. In
this position, the attachment will
provide sufficient retention for the
aligner to be able to apply the intrusive
force more effectively without
mismatch. 



molar intrusion is an unpredictable
movement. For this reason, and
especially in patients with bruxism
and/or high muscle tone, we will check
these contacts in every appointment
and make the appropriate occlusal
adjustments if needed. By reducing the
intensity of these contacts, we will
improve the predictability of the
treatment. If this occlusal grinding is
made at the end of the phase, it will be
too late, since the blockages will appear
at the beginning of the molar
movement. It is necessary to start
checking the need of these adjustments
in the first revisions. 

Fig. 28.a. Molar cusps at the beginning of treatment.
Fig. 28.b. Molar cusps after occlusal adjustment.

Both strategies are complementary to each
other and are really useful to avoid the so-
called "slide effect". This effect occurs
when a heavy contact appears between
the upper and lower second molars during
upper molar distalization. An increased 
 curve of Spee in the posterior area creates
a slope that hinders the upper distalization
movement. 

Fig. 29.a. Initial situation. Fig. 29.b. Undesired
mesialization of the anterior teeth as a consequence
of the posterior blockage appeared during upper
molar distalization. 

Aligners, unlike braces, are closed
systems, so the forces that are transmitted
for molar distalization, if this blockage
appears, will have the opposite effect. That
is to say, instead of distalizing the upper
second molars, as the force is not
dissipated, they will produce mesialization
of all the teeth anterior to them, worsening
the sagittal problem and increasing the
overjet. This phenomenon occurs despite
the use of Class II elastics, since, in this
situation, the entire lower arch offers an
"undesired" anchorage that causes upper
mesialization. 

Canines:

          As occurs an adequate leveling of
the curve of Spee in the posterior area is
not achieved properly, an undesired
contact between the upper and lower
canines may also difficult the correction of
the sagittal problem. One of the possible
causes of this contact is the lack of
intrusion of the lower anterior teeth. If the
lower curve of Spee is not flat or slightly
curved (1-2 millimeters), the overeruption
of lower canines and incisors will cause a
contact between the palatal side of the
upper canine and the cusp of the lower
canine during retrusion of upper anterior
teeth. This contact will act as a "brake" on
the upper distalization. And this is not the
only problem that can be caused by this
contact. As previously explained, aligners
are closed systems. During space closure,
this contact between canines can cause
the space not to close in the desired
direction.
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Instead of closing this space by anterior
teeth retrusion, it will be closed by
mesialization of the upper premolars and
molars, since the contact also acts as an
"undesired" anchorage, causing a loss of
upper anchorage. For this reason, when
this problem appears, it is common to see
how a patient whose evolution matched to
the virtual treatment plan and Class I molar
relationship had been reached, relapses to
Class II when the anterior space closure is
completed.

Fig. 30. Contact between upper and lower canines
that blocks Class II correction. Once this contact is
eliminated, the upper space closure and the
mesialization of the lower arch continues thanks to
elastics effect until Class I canine relationship is
achieved. 

Different sequences can be applied to level
the curve of Spee. Some scientific papers
show that the aligners predictability to
level the occlusal plane is about 35% if
teeth leveling is planned simultaneously.
One frequently used strategy to improve
this predictability is to do a sequential
intrusion of anterior teeth, starting with
canines intrusion and, once fully intruded,
continue with incisor intrusion. By
sequencing the intrusion, movements
complexity and the needs for
hypercorrection are reduced. 

Another similar option, but which
generates fewer "steps" between teeth, is
the "frog staging" sequence. This
sequence is characterized by alternating
the movements of the canines and incisors
every 8-10 aligners. That is, it starts with
the intrusion of the canines in the first 8
aligners, they stop, in the next 8 aligners
the incisors are intruded, they stop, in the
next 8 aligners the canines are intruded
again... and so on. This sequence also
improves the predictability of the
treatment, but increases the treatment
time. 

Fig. 31. "Staging frog" pattern. The movement of the
canines and lower incisors is done in a sequential way
to increase anchorage and improve the predictability
of intrusion.
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The reason why simultaneous intrusion of
several teeth is not very predictable, as
with extrusion or any movement that
involves moving multiple teeth at the same
time, is due to the intrinsic properties of
the plastic. The aligner is not made of a
completely rigid material, it is flexible, and
that flexibility reduces its effectiveness in
simultaneous movements in the vertical
plane. Therefore, it is more predictable to
plan sequential intrusion. Knowing this
characteristic of plastic, it is easy to
deduce that, to compensate this lack of
predictability, we must increase or
overengineer the intrusion in the virtual
planning, just as we do in fixed
orthodontics. Let us take the example of a
rectangular NiTi archwire.

Curve of Spee



This archwire does not have enough
stiffness to completely flatten the curve of
Spee. For that reason, a reverse curve
archwire is placed, because with this
shape the archwire will be able to apply
the necessary forces to level the lower
occlusal plane. And, with that archwire,
there is no need to do any special
sequencing. With aligners, we can apply
the same concept, creating this "reverse
curve" shape in the virtual planning,
knowing that it will not be fully expressed
in the patient's mouth.

This overengineering or overcorrection is
done by increasing the intrusion of the
second molars and anterior teeth and
slightly extruding the premolars and first
molars until they end up with heavy
occlusal contacts. When giving this
reverse curve shape, it is recommended to
avoid creating marked steps between
teeth from a lateral point of view (unless
they exist at the beginning, such as the
commonly found step between canines
and premolars, as in the case of the
image), since this unevenness can be
expressed clinically, which would worsen
the occlusion.

Fig. 32.a. Initial situation. Fig. 32.b. Flattened curve of
Spee. Fig. 32.c. Overengineered curve of Spee.

Fig. 33. Superimposition showing the planned
intrusion (white dotted line) versus the achieved
intrusion (yellow dotted line).  

Once overcorrection has been applied to
counteract the predictability problem, the
only impediment that may appear in the
leveling of the curve of Spee is the lack of
space. When a patient has a deep curve of
Spee, the arch length, from an occlusal
view, is less than when this curve is flat. In
other words, flattening an exaggerated
curve of Spee requires space. 

When leveling the lower arch with fixed
orthodontics (open system), if there is no
space for it, the archwire proclines the
teeth at the time they are intruded. The
anterior teeth proincline because they
need space to intrude. When teeth are
intruded with aligners, the aligner does not
allow this proclination, since it is a closed
system that limits the proclination of those
teeth. Sometimes, the planning software
not always recognize this lack of space.
For this reason, it is recommended to
check in every appointment that the
patient does not have tight interproximal
contacts between the teeth that are being
intruded. These contacts may difficult
anterior intrusion. If there are, IPR strips
should be passed between the teeth to
alleviate these tight contacts, thus
facilitating intrusion. This problem can
occur whether we plan a simultaneous or
sequential intrusion.

Fig. 34. Tight interproximal contact alleviated with IPR
strips. 
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The overcorrection that we make in the
virtual planning is proportional to the
percentage of the movement predictability.
For example, if we want to intrude 3
millimeters from lower canine to lower
canine, we know that 60% of that
intrusion is going to be achieved, so we
are going to increase the intrusion by 2
millimeters to achieve the desired
intrusion. When making this intrusion, we
also want to take the roots towards the
cancellous bone area to avoid recession
and enhance intrusion, so we are also
going to make an extra lingual root
movement of about 6º. 

Fig. 35. Lower curve of Spee overcorrection. Note
that, in this case, the first molar was tilted to mesial
because we placed the button on the distal part of the
buccal side of the lower first molar and the
attachment on the mesial part. 

24

2Curve of Spee



Fig. 36. Diagram of forces that appear in the upper
arch during sequential distalization of the molars.

          Incisors and canines alignment can
be performed from the beginning of the
treatment, at the same time as the molars
begin to distalize. This treatment sequence
is known as "esthetic start”, and it has
several advantages:

Reciprocal movements:

          Applying Newton's third law (for
every action there is an equal and opposite
reaction), if a distal force is exerted on the
molars, that will generate a force of the
same magnitude but in the opposite
direction on the rest of the teeth anterior to
them. If we begin to align the incisors and
canines by means of coronal proclination
movement at the same time as the molars
sequential distalization, we are designing a
more efficient force system, since we can
take advantage of the distalizing force to
help anterior teeth proclination.

Treatment time:

          When we decided to delay anterior
teeth alignment until the time of its
retrusion, it is easy to see how the number
of aligners generated is greater compared
to the previous strategy, since all the
proclination and rotation movements that
have not been done in the first months of
treatment will have to be done during          

ANTERIOR ALIGNMENT3
iretrusion. If these movements are
combined with retrusion, the movement
algorithm reduces the rate of retrusion due
to its greater complexity. If the the incisors
and canines are relatively well aligned or
do not require too much movement (apart
from retrusion), we can wait to align them
during retrusion. In this case, there will not
be a huge difference in the number of
aligners generated.

Fig. 37. Example of esthetic start. The upper incisors
are aligned and proclined at the same time as the
distalization of the second quadrant begins. As there
is a bridge in the first quadrant, these pieces have
been blocked to avoid undesired movements that
could cause aligner mismatch. 

Compliance:

          Let's think about a Class II patient in
which we have decided to distalize both
upper quadrants by 3 millimeters each. In
those first months where the upper
distalization is being performed, the
patient begins to notice that some spaces
open up between the molars (and some
food remains start to accumulate), he
begins to notice changes in the bite (in a
bad way...) and, in addition, he is not
seeing any change on the anterior teeth
crowding, which was his main reason for
orthodontic treatment, just because we
have decided to delay the movement of
those teeth. In short, the patient stays
several months without seeing an obvious
esthetic improvement in his smile. And,
even if he trusts us blindly, it is possible
that his motivation is going through a
delicate moment. There is no need to           
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continue the story, we all know how it
ends. On the other side, if the anterior
alignment is planned from the beginning,
the patient will see changes since the first
weeks of treatment. A smile improvement
always encourages or helps them to
continue with the process, as they will see
that their collaboration is rewarded. 

Having explained these reasons why, in
our experience, it is advisable to start the
alignment from the first stage, we will now
clarify in detail how to sequence these
movements and what hypercorrections
should be made in the virtual planning to
improve the final result. 

The first movement planned for the
alignment of the upper incisors will be the
buccal crown inclination. This movement
can be a pure proclination or it can be
accompanied by a mesial/distal out
movement if the teeth present a certain
degree of rotation. In this initial
proclination, the main objective is not to
correct the entire rotation, but to achieve
the desired final torque. The distal/mesial
out movement is synergic with the
proclination movement, since both are
produced by the “pressure force” exerted
by the aligner on the palatal surface of the
incisors. 

Fig. 38. Mesial out movements of central incisors and
distal out movements of canines simultaneous to the
initial crown proclination. 

In this initial proclination, root movement
towards the palatal side should be avoided
as much as possible. The greater the
palatal root movement, the more options
for the aligner to mismatch. Therefore, in
cases where the periodontium allows it, a
greater initial proclination than desired will
be made, opening spaces between the
incisors. By making this inclination with
greater buccal crown movement than
palatal root torque, we will be creating a
more efficient force system, since the
center of resistance of the tooth is taken as
the point on which the teeth are pivoting
to achieve the final torque. 

Fig. 39. Poorly planned torque movement. It can be
seen in the superimposition how the root is displaced
palatally, a less predictable movement compared to
buccal crown inclination that will not be expressed in
the patient's mouth and will cause aligner mismatch. 

A patient who has Class II division 1 in
which the upper incisors are already
proclined, it is not necessary to make
any special modifications in the
treatment planning or to ask for the
anterior alignment to be sequenced
(there is no need to increase the initial   

Depending on the initial inclination of the
incisors, some extra torque will be planned
(or not): 
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If the patient presents Class II division
2, with negative torque on the upper
incisors, we should sequence his
movements and ask the technician to
add 6º-8º more of buccal crown torque
with respect to their ideal position to
the upper incisors during their initial
proclination movement. These extra
degrees will be maintained during the
rest of the sequence, finishing the
phase with extra torque on upper
incisors. 

Fig. 40.a. Initial situation. 40.b. Final situation with
extra torque of 8º-10º on upper incisors. 40.c. Final
torque achieved.
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inclination, since the case starts with a
greater inclination than desired). 

Torque movement on incisors is not a
predictable movement. Therefore, the
greater the change in the inclination of the
incisors that we want to do, the more we
should overcorrect or exaggerate the
movement in the treatment planning in
order to obtain a good result in the patient's
mouth. 

After the initial proclination of anterior
teeth, the next step is to intrude them. Once
we get the appropriate torque, the roots of
the incisors are moved to the cancellous
bone, away from the cortical bone. In this
position, intrusion, like any other movement,
will be easier to perform and, therefore,
more predictable. Despite this, it is
recommended to overcorrect this
movement, as the retrusion movement and
Class II elastics will generate extrusive force
vectors that will difficult the intrusion.

Approximately, 1 to 2 millimeters of
additional intrusion are added at the upper
anterior teeth (canine to canine) to
compensate these effects. 

In those cases where we need to intrude
the upper incisors and canines more than
2-3 millimeters, it is advisable to place
miniscrews to help achieve this movement,
as the aligners alone are not capable of
performing such amount of pure intrusion.

Fig. 41. Case in which miniscrews have been
placed between upper central and lateral incisors
to correct the overbite and negative torque of the
anterior teeth.

Finally, it is time for retrusion. For this
movement, we are going to ask the
technician to do it "en masse", not by
means of coronal retroinclination. During
retrusion movement, we want to maintain
that additional inclination that we have
planned in the first part of the movement
because, as happens with braces when
we close spaces by anterior retrusion, the
tendency to lose torque is inevitable. In the
case of fixed orthodontics, this is due to
the clearance between the archwire and
the bracket slot. In the case of aligners, it is
due to the flexibility of the plastic. 

The best way to control or counteract this
torque loss is to achieve and maintain a
higher than ideal inclination on upper
anterior teeth in the virtual planning.
Continuing with the analogy between
fixed orthodontics and aligners, these            
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overcorrections created during the
treatment planning could be compared to
preformed archwires with 20º of extra
torque in the anterior area used in braces
treatments. These extra 20º of torque that
the archwire has are not fully expressed
when the archwire is placed, but they
serve to compensate the torque loss
produced by the force applied on the
buccal side of the teeth below their center
of resistance. 

Fig. 42.a. Initial situation. Fig. 42.b. Coronal
proclination. Fig. 42.c. Intrusion. Fig. 42.d. En-masse
retrusion (in this case, an extra palatal root torque of
5º was added during the retrusion movement).

This movement sequence is known as
P.I.R. protocol (Proclination, Intrusion,
Retrusion). To this day, it is the most
predictable sequence for achieving correct
inclination of anterior teeth with clear
aligners. The P.I.R. protocol is commonly
applied in the upper incisors, but it can
also be applied in the lower arch if the
lower incisors present a negative torque.

To conclude this section, we would like to
make a brief clarification regarding the
movement of the upper canines, as it
varies slightly with respect to the incisors.
When performing the initial proclination,
canines do not need to perform the              

complete torque movement, as the incisors
do. If we plan the complete buccal
movement of the canines before retracting
them, the risk of creating recessions
increases. Since the width of the basal
bone is greater as we move distally, the
torque movement will be completed as the
canines retract. There is no protocol for
sequencing this expansion, as it depends
on the width of the alveolar bone of each
patient and the thickness of the buccal
cortical bone, but we usually ask the
technician to perform 50% of the
proclination of the canines at the
beginning of the treatment (at the same
time as incisors procline) and the other
50% during the distalization of the
canines. In this way, we plan a movement
more in accordance with the anatomy of
the bone, without excessive vestibulization
of the canines at the beginning of the
treatment. 

Fig. 43.a. Initial situation. 43.b. 50% of canine
expansion. 43.c. Canine expansion completed. 
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DENTAL MIDLINES4
          In every orthodontic treatment, the
position of the dental midlines with
respect to the facial midline, especially the
upper dental midline, plays an important
role in the smile esthetics. Their situation
will condition the mechanics chosen for
Class II treatment. Depending on how
centered or deviated they are, the sagittal
problem will be corrected with more or
less amount of upper distalization or
lower mesialization. 

Many combinations exist between the
position of the dental midlines respect to
facial midline and the Class II
malocclusion associated to them. We are
going explain below some of the most
frequent ones and their therapeutic
approach, focusing on simplifying
treatment mechanics and reduce as much
as possible the use of auxiliary techniques
such as miniscrews or miniplates.

Fig. 44. Patient with full Class II on the right side and Class I on the left, centered upper midline and absence of
buccal cortical bone in the lower anterior region. As distalization and mesialization were limited (upper midline
cannot be deviated and lower incisors cannot be proclined), it was decided to maintain the initial molar
relationship. 
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Upper dental midline centered with respect
to the facial midline and absence of upper
crowding:

          In this case, if we choose to correct
Class II by upper distalization, we should
plan it symmetrically as possible to avoid
worsening the position of the upper dental
midline. If the case has the same
millimeters of Class II on both sides, it will
not be a problem, since we can do the
same amount of distalization in the first and
second quadrant. If the Class II
malocclusion is asymmetric or unilateral, we
have to be careful not to deviate the upper
midline by doing more distalization in one
quadrant than in the other. That is to say,
we will plan the maximum possible
distalization in both quadrants (until Class I
is achieved on the side) without deviating
the upper midline and, as this will not be
enough to correct the sagital problem on        



both sides, we should do lower
mesialization of the side with more severe
Class II. In some cases of unilateral Class II,
we opt to maintain the occlusion as it is if
one side is in full Class II and the other side
in Class I. 

With this treatment option, even if a
bilateral "textbook" Class I is not achieved,
it is an equally valid and stable occlusion,
and it is usually the recommended option
for cases of patients without growth in
which the lower mesialization needed for
Class II correction exceeds the biological
limits of the patient. 

Upper dental midline centered with
respect to the facial midline and upper
crowding:

          In this case, crowding usually works
in our favor, since it is common to observe
more anterior crowding on the side where
Class II is more severe. This asymmetrical
crowding allows more distalization on the
side with more millimeters of Class II
without affecting the initial position of the
upper midline. If the crowding is similar in
both quadrants, we have the same limits
to distalize as in the first situation, so it
may be necessary to do some lower
mesialization to solve the Class II problem. 

Fig. 45. Anterior crowding allows more distalization of
the first quadrant than the second quadrant without
the risk of deviating the upper dental midline.  

Upper dental midline deviated with
respect to the facial midline:

          Let us take the example of a Class II
case with the lower dental midline
centered with respect to the facial midline
and the upper dental midline deviated. In
this case, the Class II distalization
mechanics are in the same way of upper
midline centering, but the anchorage
required for this must be taken into
account. Various factors influence the
degree of complexity of this midline
centering, such as incisors tilt or the
presence/absence of crowding. In
deviations up to 2 millimeters, sequential
distalization and the use of conventional
Class II elastics is usually more than
enough to correct them. Approximately,
with more than 2 millimeters of midline
deviation, the complexity of the case
increases.

In these situations, we should consider to
extend sequential movement of the teeth,
using patterns such as frog staging, or
place miniscrews to increase anchorage in
the upper arch. Depending on the
malocclusion, asymmetric premolar
extractions can also be performed,
generally avoiding the use of miniscrews.
One aspect must be clear: for upper
midline deviations greater than 2
millimeters, the anchorage demand
increases, and if we decided to only use
traditional mechanics of Class II correction
with intermaxillary elastics, we run the risk
of deviating the lower midline. This result
is not seen in the treatment planning, as
the software is not able to "calculate" the
effect of Class II elastics, it is seen in the
patient's mouth. For this reason, the
anchorage and the effects of the force
systems we design must be carefully           
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understood and analyzed. By placing a
miniscrew on the side where we want to
shift the upper midline, we ensure that the
forces applied in that quadrant are not
going to have any effect on the lower arch
and therefore there will be no impact on
the lower midline.
 

An alternative option to the use of
miniscrews, as it was said before, is to
extract one premolar. By removing a
premolar, all the teeth posterior to the
space act as anchorage (together with the
elastics) to achieve upper midline
centering. This treatment simplifies the
Class II correction mechanics if the case
has a full or nearly full Class II. 

Another fact to consider in midline
displacements is the control of the tip of
upper teeth. When clear aligners "push"
the incisors to one side, they generate a
force vector on the crowns that causes
them to tilt to that side. In order to have
proper root control, it is necessary to place
attachments on the incisors. With these
attachments, the aligner will be able to
apply a couple of forces with which to do
an en-masse movement of the incisors.
Apart from the attachments, as the root
movement is less predictable than the
crown movement, it is recommended to
overcorrect incisors tip, placing extra 4º-6º.
This overcorrection planned on the incisors
tip is done in the opposite way to the
direction of the movement.

Fig. 47. Case with the upper midline deviated to the
left in which an infrazygomatic miniscrew was placed
in the first quadrant and sequential distalization was
planned to center the upper midline with the lower
midline and with the facial midline.

Fig. 46. Case with the upper midline deviated to the
left in which it was decided to extract the right second
premolar to correct Class II and center the upper
midline. 

Lower dental midline deviated with
respect to the facial midline:

          The lower dental midline does not
have as much impact as the upper dental
midline on the smile esthetics. Its deviation
is usually associated with an asymmetric
occlusion. There are different options to
achieve the centering of the lower midline
while solving the sagittal problem. It can
be done by sequential mesialization,
requesting the same protocol as for
distalization, but in the opposite way:
starting with mesialization of the anterior
sector, and then continue with sequential
mesialization of premolars and molars.
Another alternative is to perform
simultaneous mesialization of the lower
arch, requesting a virtual jump. In both
situations we need to use Class II elastics
to achieve the planned movements. When
performing mesialization movements, we
must assess the limits of them. The
gingival biotype, the thickness of the
buccal cortical bone and the inclination of
the lower incisors in the lateral
teleradiography will guide us to know how
much proclination of the anterior teeth we
can do during mesialization movement.
Proclination and mesialization are not the
same concepts: mesialization does not
always lead to proclination (and vice
versa). Both concepts will be discussed in
more detail later. In the treatment                 
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planning, the superimposition tool,
together with the references described
above, will allow us to assess or decide
whether the necessary mesialization is
compatible with the patient's biological
limits.

Fig. 48. Case with deviated lower midline due to the
loss of a lower first molar. The lower midline is
centered by opening the space of the molar and
mesializing the anterior teeth together with IPR to
avoid excessive proclination. 

Dental midlines



ELASTICS5

If the upper incisors have negative
torque, we will place a button cutout
on the canines. In this way, the Class II
elastic will be attached to the button
cemented on the canine, not directly to
the aligner. If Class II elastics are
attached directly to the aligner, the
force vector of the elastic is “against”
the buccal crown proclination
movement of the incisors, so it reduces
the effectiveness of the plastic and
may cause aligner mismatch. By
attaching the elastic to the tooth
instead of to the aligner, this                   

          This section is focused on explaining
the different combinations of Class II
elastics according to the characteristics of
the malocclusion and the treatment
objectives.

Cutouts:

          We will begin explaining the position
and type of the different cutouts used for
Class II elastics. In a standard Class II case,
button cutouts are placed on the lower
first molars and, depending on the initial
torque of the upper anterior teeth, we can
opt for precision cuts (hooks) or button
cutouts on the canines:

If the upper incisors have positive
torque, we will place precision cuts on
the canines, since the force vector of
the elastics, in this case, will help us to
perform the retrusion movement of the
anterior teeth. In these cases, there are
two exceptions. If the patient has small
and less retentive clinical crowns or if
the canines need to be extruded,
although the upper incisors have
positive torque, we will place button
cutouts to avoid mismatch problems.
When attaching Class II elastics to a
precision cut on the plastic, they tend
to disengage the aligner. If the teeth
are not sufficiently retentive (even if
they have attachments) it is common
to observe how the aligner mismatchs
within a few weeks of treatment. A
word of advice regarding this point. If
we have this unforeseen event during
the treatment, before scanning to ask
for a new refinement, we can place a
button on the canine and make the
cutouts for the button on the aligners
with the hole punch pliers. By
changing the strategy, if it is done in
time, aligner adjustment will be
recovered.
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Fig. 49. Example of button cutouts for Class II elastics
in cases with negative torque on upper incisors. 

Fig. 50. Example of precision cuts for Class II elastics
in cases with positive torque in upper incisors.

 inconvenience will be avoided. 



The position of the teeth or the complexity
of their movements will also affect the
location of the cutouts. The elastics, apart
from having the function of coordinating
upper and lower arch, will also have an
effect on the teeth on which they rest.
Therefore, we will try to place them in such
a way that the forces they exert are
favorable to the movement of these teeth.
For example, if we have to correct the
rotation of an upper canine by means of a
mesial in movement, we will place the
button cutout on its palatal surface so that
the force of the elastic helps to correct the
rotation. If a button is placed on the buccal
side, the force of the elastic would be
opposite to the force applied by the aligner
on the tooth to correct the rotation. As the
two forces are opposing each other, the
predictability of the rotation decreases and
the risk of mismatch increases. If an elastic
is attached to a tooth that does not fit well
in the aligner, the rotation of that tooth
usually worsens, since, if the aligner does
not hold the tooth, there is nothing to
oppose the force of the elastic.

Fig. 51. Button cutouts placed on the palatal surface
of the upper canines so that the force of the elastic
helps to correct the rotation.

Another common situation where elastics
can help or hinder a movement is in cases
with narrow arches. For example, if a
patient has compressed upper arch and
negative torque on posterior sectors,             

standard Class II elastics may hinder the
upper expansion, since the force vector
passes through the buccal side of the
center of resistance of the upper teeth.
Knowing this, we have two options: to
plan more expansion (about 1-1.5
millimeters on each side) at the level of the
canines and premolars to compensate this
compression effect or to place the buttons
palatally. If we opt for the latter option, the
force vector of the Class II elastics will help
the upper expansion and torque correction
(but it will also hinder the lower expansion,
so it should be evaluated carefully in which
cases this strategy can be used). 

The same, but less frequent, can occur in
the lower arch. If the lower arch needs to
be expanded more than the upper arch
because lower molars are lingualized,
placing buttons on the lingual side of the
molars will facilitate lower expansion.

Fig. 52. Button cutouts placed on the lingual surface
of the lower molars to assist mesial out rotation and
expansion movement.

When placing buttons palatally on the
upper canines, we must check that there is
enough space for it. If we look at the
mouth from the inside in the virtual
planning, we can see if the patient's
overbite allows us to cement the buttons
on the palatal side of the canines. If we
cannot place them from the beginning, we
will have to place cutouts in another teeth
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during the first stages of the treatment,
until the overbite is corrected and enough
space is created to place the buttons
without any risks of contacting with lower
teeth. 

Fig. 53. Internal view of the mouth showing how, as
the overbite is corrected, the space available to place
a button on the palatal surface of the canine
increases.

If the canines have very complex
movements, the cutouts should be placed
on the first premolars. With this
modification, the predictability of the
movement of the canines is prioritize, since
the larger amount of plastic surrounding
the crown of the tooth, the better it will
move. Premolars tend to have shorter and
less retentive clinical crowns than canines,
so it is recommended to place button cuts
on them. However, if the buccal surface is 
 large enough for the placement of a
precision cut and an attachment, both can
be placed as well. In the case that we
decided to place precision cuts on
premolares, as the hooks are in a more
delayed position, they will not affect the
anterior torque as much as if they were
placed on the canines. In rotated
premolars, we can apply the same criterion
of placing the button on the buccal or
palatal side depending on the direction of
the rotation correction.

If button cutouts are placed on the first
premolars, the cutouts on the lower arch
should be placed (if it is possible) on the
second molars so that the force vector is
the same as when the elastics go from the
upper canine to the lower first molar.

Fig. 54. Case with Class II and ectopic canines in
which the button cutouts have been placed on the
first upper premolars. 

If the elastic goes from the lower first
molars to the upper first premolars, the
horizontal component of the force is
reduced. 

In cases where the curve of Spee is flat or
has a slight curvature, the buttons can be
placed on the lower second molars. But, in
cases of deep curve of Spee and
overextruded second molars, button
cutouts on those teeth are contraindicated
for two reasons. First, intrusion of the
lower molars is a complex movement. If
we add the extrusive force of Class II
elastics and they need to be intruded
around 1-2 millimeters, the movement
becomes even more complicated. And
second, if the lower curve of Spee is not
leveled from the beginning, contacts may
appear and they will block the Class II
correction. A chain reaction caused by poor
choice of elastic cutouts. Small details can
make a big difference. 
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Fig. 55. Picture showing the extrusive component of
Class II elastics opposing the intrusion force applied
by the aligner on the second lower molar.



1/4" 6 oz.: These are the most
widespread used elastics to treat Class
II. They are placed from the upper
canine to the lower first molar or from
the upper first premolar to the lower
second molar.

3/16" 6 oz.: They have a smaller
diameter compared the previous ones.
They are placed in cases where the
cutouts are in upper first premolars
and lower first molars or in patients
who have small teeth, from the upper
canine to the lower first molar or its
equivalent from the upper first
premolar to the lower second molar. 

Force and diameter:
  
          Having finished the elastics position
topic, let’s move on to the selection criteria
of the force and diameter of the elastics.
This protocol, like any other, is merely a
guide to select the elastics that we are
going to use in each case. As the
treatment evolves and we see the patient's
response to the elastics action, we may
have to stop following this protocol and
increase or decrease the force/diameter of
the elastics. There are a multitude of
variables, beyond age and collaboration,
that can influence the effectiveness of the
elastics, and this causes their effect to vary
from patient to patient. Below are
explained the different types of elastics
that we frequently use: 

       - Growing patients:

In a child/adolescent, elastics, like any other
force applied to the teeth, have a greater
effect than in adult patients. Starting with 6
oz. since the early stages of the treatment
may lead to undesirable effects due to an
excessive force. For that reason, it is
advisable to start with a medium force in
these patients at the beginning of the
treatment. If, during their progress, we
consider that more force is needed (e.g. to
achieve greater lower mesialization), we can
switch to 6 oz. elastics.

      -  Periodontal patients:

The most important rule in these patients is
to apply gentle physiological forces that are
able to move the teeth without damaging
the surrounding periodontal structures. To
avoid a direct action of the force on the
canines or first premolars (in molars it is not
so relevant, as they are teeth with a larger
root volume and generally have more
tolerance to these forces), it is recommended
to place precision cuts instead of button
cutouts. Thus, the force of the elastic, which
will be attached to the aligner, will be
transmitted throughout the entire arch, not in
a single tooth. Within this type of patient,
two comments should be made: 
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1/4" or 3/16" 4 oz.: Similar to the ones
above, but with less force. These
elastics are used in the following
situations: 

Mild periodontal patients usually
have adequate periodontal support,
so the use of 6 oz. elastics is usually
not contraindicated. In moderate or
severe periodontal patients is where
we really have to be careful with the
forces applied, because we can lose
a tooth if we do not control them.



If we get stuck with a case because
the 4 oz. elastics are not enough for
achieve treatment goals, we can use
the 6 oz. elastics for a short period of
time, carefully monitoring their
effects at each appointment to avoid
causing irreversible damage to the
patient. That is exactly what we
were explaining: we adapt to each
patient and periodically monitor the
consequences of changes with
respect to the initial protocol. 

Fig. 56. Picture of the most common positions of Class II elastics and their corresponding diameters.
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undesirable effect, it is advisable to remove
the elastics progressively to enhance the
stabilization of Class I. In these situations, if
we have previously used 6 oz. elastics, we
can reduce their strength and use 4 oz.
night-time elastics or 12 hours a day. 

Time of use:

          We are going to finish the elastics
chapter talking about their time of use. To
simplify the treatment for the patient, we
only differentiate between continuous use
(24 hours a day) or intermittent use (12
hours a day) depending on the effect we
want to achieve. 

Elastics

      - Maintenance or stabilization of Class I: 

When a Class II is solved, if we decided to
remove the elastics suddenly, not in a
progressive way, it is common to see how
the sagital problem relapses and the patient
comes back to a slight Class II. To avoid this
undesirable effect, it is advisable to remove    



24 hours a day: The use of elastics 24
hours a day gives us the anchorage to
be able to sequentially distalize the
upper arch, but it also has a
mesialization effect on the lower arch.
This mesialization is variable in each
patient, but we can get an
approximate idea of how much we are
going to achieve by requesting the
virtual jump of the lower arch in the
virtual planning (we will deal with this
topic later). In order to use 24 hour
elastics, overjet between upper and
lower canines and incisors is
mandatory. Without this space, the
lower mesialization effect will be
blocked by the contacts between the
anterior teeth of the lower and upper
arch. This, in turn, will cause curve of
Spee deepening due to the flexion of
the aligner, sometimes resulting in a
posterior open bite. If there is no
overjet, this lack of space will block
lower mesialization. No matter for how
long Class II elastics are used, the
sagittal problem will not be corrected.
Comparing it to a real life example: no
matter how hard we push against a
wall, we will not be able to move it
forward. Other movements that Class
II elastics used 24 hours a day may
hinder are upper anterior proclination
and intrusion. During the initial stages,
in cases with negative torque on the
anterior teeth, it is not advisable to use
the elastics 24 hours a day, because it
may reduce the effectiveness of the
aligners. If the elastics are used from
the early stages 24 hours a day, the
continuous force of the elastic will not
allow a correct expression of upper
incisors torque and intrusion. This, in
turn, will cause anterior contacts            

which, as explained, will block Class II
correction. We must be cautious with
the use of 24 hour elastics and know to
choose the right moment to use them,
otherwise the malocclusion can be
worsened and, with it, the complexity of
the case. The use of elastics 24 hours a
day is limited to situations in which
there is an adequate upper teeth
inclination and a flattened curve of
Spee. These are the optimal conditions
for their performance. 

Fig. 57. Posterior open bite due to the use of elastics
24 hours a day without the necessary overjet to
mesialize the lower arch. The image on the right
shows the contact between the palatal side of the
upper canine and the cusp of the lower canine that
is causing the blockage. 

12 hours a day: These elastics provide
an adequate anchorage for upper molar
distalization in the initial stages of
treatment but have less mesializing
effect on the lower arch compared to the
ones used 24 hours a day due to their
intermittent use. As they are not used
continuously, they also have less effect
on anterior tooth movements. In a Class
II case, they are worn for 12 hours until
the patient has sufficient overjet and has
achieved adequate torque on upper
incisors. From then on, they can be
changed to continuous wearing. In some
mild Class II cases (1-2 mm), 12 hours
protocol used for the entire treatment,
along with sequential upper distalization,
may be sufficient to end up in Class I.

5
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Fig. 58.a. Initial situation, negative torque and
augmented overbite. Fig. 58.b. Treatment progress
of a case in which the adequate torque has been
reached on the upper incisors and the lower curve of
Spee has been leveled. From now on, the elastics
can be used 24 hours a day (previously it would not
have been possible due to their undesirable effects).

A clarification regarding the elastics time
of use. We have decided to replace the
concept of “night-time" by "12 hours a
day". In children, if we tell them to wear
the elastics at night, they will wear them
an average of 9-10 hours a day. However,
adult patients often do not sleep the
recommended 7-8 hours per day. If we tell
a patient who sleeps 5-6 hours a day to
wear the elastics at night, these hours will
not be enough to achieve the desired
effect. For this reason, to simplify our
guidelines, we tell all patients to wear
them 12 hours a day, which is,
approximately, the time between after
dinner and the next morning. 
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Although we use protocols, in each patient
the elastics have a different and, sometimes,
unpredictable effect. Only experience
teaches us how to act according to the
progress observed or the results obtained.
As we have said, 12 hours a day elastics can
also be used to stabilize the Class I achieved.
If the patient stops using the Class II elastics
that he has been wearing for months (or
years) 24 hours spontaneously, the relapse
phenomenon will cause that Class I, one
month later, will become a Class II of 1-2
mm. If we maintain the Class II elastics 12
hours a day for 2-3 months after having
corrected the sagital problem, the occlusal
stability of the case will increase. 

Elastics



VIRTUAL JUMP6
          One of the advantages of the
planning software is that it can be used to
simulate the mesialization effect of Class II
elastics. This simulation is called “virtual
jump”. Contrary to popular belief, this
virtual jump can be performed on adults
and on growing patients. Mesialization of
the lower arch can also be achieved in
non-growing patients, as it is a orthodontic
(not orthopedic) movement. In growing
patients, this mesialization will be achieved
more easily, just like any other movement,
as the bone remodeling rate is higher in
these patients. 

You don’t have to “believe” in the virtual
jump. Our intention in the following pages
is to explain how the virtual jump is
produced, what variables influence its
predictability and how many millimeters
we can ask for in each case.

The virtual jump or simultaneous
mesialization of the lower arch occurs
when the patient uses Class II elastics 24
hours a day for a prolonged period of time
(months or years). This mesialization
responds to the effect of the Class II
elastics force. These elastics, according to
theory, apply a distal force vector in the
upper arch and a mesial force vector in the
lower arch. The effect of these elastics
have been analyzed in several studies, and
they affirm that this "distalizing" force in
the upper arch does not distalize the
molars (when the intention is to distalize
the entire arch simultaneously). Applying
Newton's third law, this force has to go
somewhere... where? To the lower arch.

In other words, this distalization vector of
the upper arch becomes a mesialization
vector in the lower arch. The entire upper
arch acts as an an anchor unit to achieve
the mesial movement of all the lower
teeth.

Fig. 59. Scheme of the Class II elastics effects in both
arches. 

This is the clinical reality we observe in
Class II patients. Even when a sequential
upper distalization is planned, the spaces
between posterior teeth appear and the
case is finished with a “textbook” Class I
relationship, if we superimpose the lateral
radiographs of the beginning and the end
of the treatment, we will see how the
distalization achieved in the patient is less
than the planned one and an unplanned
mesialization of the lower first molars
appears. This is neither good nor bad, nor
does it mean that the distalization is
useless. These results serve to understand
how the anchorage works in the patient's
mouth, and that the planned movements
are not always what they seem to be.
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Fig. 60.a. Superimposition of the initial (yellow) and
final (white) position of the lower arch at the end of
treatment. Fig. 60.b. Superimposition after the virtual
jump, showing 3 millimeters of lower right molars
with a slight proclination of the lower incisors (1
millimeter approximately). 

Age: In growing patients, we can
assume a greater mesialization than in
adults, since we can take advantage of
the patient's growth to do so.
Although we may not be able to grow
the mandible as much as we would
like, the dentoalveolar processes are in
development and the bone structures
surrounding the teeth still have some
remodeling possibilities (the same
occurs in adults, although to a lesser
extent). In an adult patient, we will be
guided exclusively by the amount of
permitted proclination of the lower
incisors, knowing that lower arch           

Two main factors or variables should be
taken into account when planning a
simultaneous mesialization of the lower
arch: the patient’s age and the amount of
expansion programmed.
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Fig. 61.a. Arch expansion without elastics: the molars do not change their position from an anterior-
posterior perspective and the incisors retract. Fig. 61.b. Arch expansion with Class II elastics: the molars are
mesialized while the arch is expanded and the incisors do not change their position. 

mesialization does not always imply an
increase of lower incisors proclination.
This fact will be explained below.

Expansion: The more compressed
arches, the more negative torque the
posterior sectors have, the easier it is
to correct a sagittal problem. How can
this be explained? The reason is that,
the greater the expansion planned,
applying the well-known concept of
the "string of pearls", the greater the
amount of retrusion of the anterior
area. At this point, another question
arises: why do the anterior teeth have
to be retruded? Can't they stay where
they are? It all depends on the
anchorage used, that is, Class II
elastics. Under normal conditions,
when arch expansion is planned, the
anterior teeth retrude and arch depth
is reduced. The molars and premolars
provide the necessary anchorage to
make this retrusion effective. The exact
percentage of posterior anchorage loss
is not known, but clinically it is
negligible. Now, let's think about how
to change the anchorage or, in other
words, let's think about how to lose
posterior anchorage. By adding Class II
elastics 24 hours a day to the equation



(with the patient's cooperation), it is
possible to mesialize posterior sectors
and keep the anterior teeth in the
same position as at the beginning,
without retruding them. When doing
the treatment plan, we will ask the
technician, during the lower
expansion, to retrude lower incisors
and canines (this would be the
"normal" effect when arch expansion
is done) and to make a virtual jump of
the lower arch at the end of the
treatment to finish bilateral Class I
relationship. Another equally valid
option would be to ask for sequential
mesialization of the posterior sectors
without retracting the incisors
(assuming that they have a correct
inclination), but this option will
increase the complexity of the
treatment planning. 

Figs. 62.a and b. Alignment without virtual jump. Figs.
62.c and d. Virtual jump. Figs. 62.e and f. Lower arch
mesialization, very similar to the planned virtual jump. 

Knowing how the virtual jump is produced
and which factors affect, it is now easier to
understand how much virtual jump we can
request. The virtual jump can be requested
to the technician in several ways, either in
millimeters or by giving a clear reference
related to teeth position. Here are some       

Plan 2 millimeters of virtual jump of the
lower arch to correct Class II at the end
of the treatment. 
Plan a virtual jump of the lower arch by
advancing it 1 millimeter beyond the
initial position of tooth 31. 
Plan the necessary lower arch virtual
jump to finish bilateral Class I canine. 
Plan the maximum sagittal virtual jump
of the lower arch without increasing
the proclination of the lower incisors. 

1.

2.

3.

4.

Orthodontists should define in the initial
diagnosis how much lower incisor
proclination are willing to do or how much
can be assumed without compromising
the stability or the periodontal status of the
patient. We will determine this with the
lateral radiograph and intraoral photos.
After that, this information is “translated”
or transferred to the technicians in a clear
and quantifiable way for them.

If the expansion capacity is not enough to
achieve the desired virtual jump or we
want to reduce the proclination of the
lower incisors, we can add IPR to create
more space. This IPR can be used to make
a greater mesialization of the lower arch.
Even if we want to mesialize the posterior
sectors, the IPR will generally be planned
on the anterior area.

Fig. 63. Comparison of the lower incisor proclination
produced by the virtual jump in the same case without
IPR and with IPR.  
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examples (do not forget to start with:
“Dear technician, please…”): 

Virtual jump
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In growing patients, even if a "mandibular
advancement" treatment is not performed
(not all Class II patients need it), this virtual
jump can also be requested, as long as it
will not exceed the patient's biological
limits. 

The predictability of the virtual jump is
variable, but it does not depend only on
the millimeters of virtual jump requested.
More factors are involved, such as the
patient’s age or the way in which the
mesialization is performed.

Approximately, the rate of mesialization
produced by the continuous use of Class II
elastics 24 hours a day is 1 millimeter
every 1-2 months, being faster in growing
patients and slowing down inversely
proportional to the patient's age. If the
virtual jump represents a mesialization of
the arch without anterior proclination, it
will be more predictable than in the case of
anterior proclination, because lower teeth
are moving through the cancellous bone.
In the latter case, the buccal cortical bone
of the anterior lower area will be more
resistant to anterior teeth mesialization
than if the incisors and canines are not
proclined.

6

Fig. 64.a. White dotted line delimiting the patient's
buccal cortical bone. Fig. 64.b. Initial situation. Fig.
64.c. Final situation after the virtual jump. As soon as
the lower incisors begin to surpass the dotted line, the
mesialization movement will slow down as the teeth
are contacting the buccal cortical bone.

In spite of considering all these variables,
the virtual jump does not always occur as
it shows in the treatment planning or at
the rate we have estimated.

It also depends on the elastics used and
the absence of anterior contacts that could
block the lower arch mesialization, not to
mention the collaboration factor.

The virtual jump is not 100% predictable,
but it is not a leap of faith. It is not
completely predictable, the same as
intrusion, rotation or any other teeth
movement planned on the mouth. The
virtual jump is one more tool we can use in
clear aligners treatment planning. Keep in
mind that, before digital planning software
existed, we could only imagine or intuit in
our minds what the effect of the elastics
would be. Now, we have a tool that allows
us to approximately predict the final result. 

Understanding the real effect of Class II
elastics, we will realize that, in many cases,
we do not need to plan as much
distalization as we had thought. The
severity or complexity of a Class II is not
assessed exclusively in the sagittal plane,
but in the three planes of space, as they
are interrelated. 

Virtual jump
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Distalization attachments:

          According to Simon et al, up to 2-3
mm of molar distalization is a relatively
highly predictable movement (87%).
Beyond that distance, tip control becomes
more complicated and molar crowns may
tilt to distal. Some studies also found that it
is not necessary to place attachments on
the molars to distalize them, since their
total surface and marked anatomy are
enough to achieve a proper aligner fit.
However, we have observed that with
some clinical conditions, such as short
clinical crowns or semi-erupted teeth, the
predictability of the movements is reduced
and sometimes a certain mismatch is
observed due to the lower retention of the
crowns. For this reason, and because of
the anchorage provided by these
attachments when distalizing the
premolars and anterior teeth, we
recommend to place mesial beveled
vertical attachments in those molars where
an optimized attachment is not placed by
default. With these attachments, a greater
tip control is achieved while increasing the
retention of the aligners and avoiding the
risk of disengagement. 

For premolars and canines distalization, it
is suggested to place root control
attachments (two small vertical
attachments beveled in opposite
directions) to achieve adequate root
control during the distalization movement.

If it is not possible to place both
attachments, either because of the size of
the clinical crown or because it is
necessary to place another element such
as a button cutout or a precision cut, an
attachment similar to that of the molars
should be placed, with 45º angulation
approximately, in the incisal third of the
buccal side, to achieve a couple of forces
with which to control the tip of the tooth
during distalization movement. Root
control attachments are more effective
than conventional vertical attachments, as
shown in the article published by Comba
et al., in which they compare the retrusion
of a canine with different combinations of
attachments. When a rectangular vertical
attachment is placed, apart from having
less control over root movement compared
to optimized attachments, an undesired
root displacement towards the buccal side
occurs, which may increase the risk of
recession in some patients.

Fig. 65. Effects generated by the different types of
attachments tested in canine distalization. Comba et
al. 

Fig. 66. Superimpositions used to determine the
predictability of distalization movements. Simon et al.  
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Leveling attachments:

          In the lower arch, when leveling the
curve of Spee, attachments are placed on
all canines, premolars and first molars to
increase the retention of the aligner and
thus improve the efficiency of the forces
applied by the plastic. By default, if
optimized deep bite attachments are
placed on premolars, we will keep them. If
any of these teeth do not have an
attachment, we should place a horizontal
occlusal beveled attachment of 3-4 mm. It
should be clarified that, in cases where the
lower second molars are intruded, the
attachment of the lower first molars should
be placed in the distal part of the buccal
side so that the intrusion is more
predictable. The mesial part will be
reserved for the placement of the button
cutout for Class II elastics. 

Fig.67. Curve of Spee leveling.

Bite ramps:

          Bite ramps are a very useful tool in
the correction of Class II malocclusions,
since they create a slight posterior
disocclusion or, being more precise, they
reduce the contacts between the posterior
teeth of both arches. This effect facilitates
upper distalization while helping to level
the lower curve of Spee by providing a
contact point for the lower incisors.
Unfortunately, they are not as effective as
the classic fixed bite ramps used in               

conventional orthodontics.

Aligner bite ramps are limited in length.
Unlike the classic bite ramps, which can be
made almost in any size wanted, with
aligners the maximum length of these bite
ramps is about 4-5 millimeters. This limit
can make that bite ramps have no function
or even may hinder the correction of the
sagital problem in cases with increased
overjet if the patient bites behind them.

Fig. 68.a. Ideal position of the bite ramps, overlapping
the lower incisors. Fig. 68.b. Lower incisors slightly
contacting the bite ramps. Fig. 68.c. Bite ramps
without function due to the increased overjet. 

In cases where we detect this problem, we
must explain the patient where to bite in
order to prevent any undesirable effects.
Class II elastics will help the patient to
position the lower jaw in the right place. If
the overjet is greater than 4-5 millimeters,
bite ramps should not be placed from the
beginning. They will be delayed until the
overjet is reduced enough to fulfill their
function of disocclusion. 

Another situation in which we should be
cautious with the placement of bite ramps
is in those cases where the incisors have a
very negative torque. If the lower incisors
have a heavy contact with the upper
incisor bite ramps, the force vector
generated by that contact will go against
the proclination movement of the upper
incisors. This does not mean that the
upper incisors are not going move, but this
force will reduce the amount of
proclination achieved and may cause
aligner mismatch in the anterior area. 
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Fig. 69. Diagram of the forces affecting the
proclination movement of the incisors. Green arrows
represent the force applied by the lower incisors on
the bite ramps. White arrows, the force applied by the
aligner towards the buccal side.

Power ridges:

          Continuing with the disengagement
topic, another tool designed for anterior
torque that we have decided to limit its
use are the power ridges. These pressure
points or areas are located in the gingival
area of the buccal side of the aligner and in
the incisal area of the palatal side to
generate a couple of forces that helps to
achieve the lingual root torque movement.
In practice, this tool does not work as well
as in theory, and we have observed in
several patients how power ridges caused
aligner mismatch on upper incisors and
canines in the early stages of treatment.
This mismatch affects the patient's speech
and esthetics, forcing us to stop the
treatment and ask for additional aligners. 

Fig. 70. Couple of forces applied by the power ridges
to provide palatal root torque. Align Technology.

Another reason we are very selective
when using power ridges is because they
are designed to do palatal/lingual root
torque. When P.I.R. protocol is applied, the
desired anterior torque is achieved by
buccal crown proclination of the upper
incisors. Making a buccal crown movement

Fig. 71. Aligner disengagement due to palatal root
torque movement and placement of power ridges. 
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with aligners is biomechanically more
efficient than planning lingual root torque,
because the force needed to move the
crown to buccal is less than the force
needed to move the root palatally. 

Power ridges could be useful when en-
masse retrusion of all anterior teeth is
planned. Once the final torque has been
achieved and the intrusion of the upper
anterior teeth has been performed, the
presence of power ridges will help to
better control the torque of the incisors
during retrusion movement. At this stage,
the risk of mismatch is minimal, as the
anterior teeth are aligned and have
reached the correct inclination. It is
possible to ask the technician to delay the
placement of the power ridges on the
upper incisors until the en-masse
retraction stage begins instead of placing    

Attachments and bite ramps
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them at the beginning of the treatment.
These power ridges will work properly if
the patient's crowns are adequately sized.
If not, the moments created by the
pressure areas will not be enough for
effective torque control. 

In cases where torque variations are small
(less than 10°), power ridges can be
maintained. As there is a slight torque
variation, the risk of mismatch is
minimized. 

We also keep power ridges in the lower
incisors, as they do not cause the same
disengagement problems that we have
observed in the upper arch. It is possible
that because the lower incisors are smaller
teeth and require less force to move, the
force applied by the power ridges to move
the roots lingually is more efficient. For this
reason, we do not request their removal
unless we need to place an attachment on
these teeth. 

At last but not as least, remember that
when we decide to place the upper power
ridges, the ones that appear on the palatal
surface of the aligners are not compatible
with the bite ramps. If the palatal power
ridges are removed, the force system
changes, since there is only an extra
pressure from the buccal side. Depending
on the needs of the case and our
preferences, we will ask the technician to
place bite ramps or power ridges. The
question is: are we going to prioritize good
torque control during retraction, placing
power ridges buccally and palatally, or are
we going to prioritize posterior
disocclusion and overbite correction with
bite ramps? Each one must choose his or
her answer. 

Attachments and bite ramps





          The strategies we can use to treat Class II cases are
practically unlimited. We cannot limit ourselves to determine the
difficulty of a case by the number of millimeters of sagittal
discrepancy it presents; there are many more variables that can
affect the complexity and development of the treatment. For this
reason, although it is appropriate to have guidelines for treating
these patients, it is not easy to establish a "protocol" with which to
treat all cases equally. 

In this book we explain some of the most widespread techniques
but, above all, we teach you all the biomechanical keys to help you
understand how the aligners work and what aspects need to be
checked so that the treatment goes as planned: the effects of the
elastics, occlusal adjustments... If you understand these concepts,
you will be able to treat your patients safely and you will know how
to detect and solve any unforeseen problems that may arise during
the treatment.  

Good planning is important to achieve the therapeutic objectives in
a reasonable time, but we cannot forget the importance of periodic
check-ups in the treatment success. If we disconnect the
"automatic pilot" and understand what we are doing, beyond
following protocols, we will have the confidence to treat any case,
no matter how difficult it may seem. As Albert Einstein said:
"Imagination is more important than knowledge. For knowledge is
limited to all we now know and understand, while imagination
embraces the entire world." 

CONCLUSION





Our team of orthodontists have
reviewed more than 3000 cases and
have many years of experience in
aligner treatment.

These data have allowed us to achieve
a great knowledge of biomechanics
with aligners and a deep
understanding of the differences with
respect to braces treatment.

After many years of trials, successes
and errors, we have created a series of
protocols that we apply on a daily
basis and we know they work, so that
you can also enjoy them in your aligner
treatments.

Is there any aspect of your treatments
that you cannot solve?

WE LOVE COMPLEX
CASES!




