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Resumen 

El sistema Invisalign® fue creado en respuesta a una creciente demanda de estética en los 

tratamientos de ortodoncia. Esta serie de alineadores transparentes extraíbles apenas se 

notan, incluso de cerca, y son más cómodos para los pacientes. Inicialmente, se describieron 

en el tratamiento de casos leves y moderados. Sin embargo, desde su comercialización, se 

han realizado muchas mejoras para ofrecer a los pacientes y a los clínicos una técnica más 

predecible, ampliando su alcance hacia la resolución de casos más complejos. Al tratarse de 

una técnica bastante novedosa y en constante evolución, los clínicos requieren protocolos y 

guías claras basadas en la evidencia para poder realizar el mejor juicio terapéutico.  

El presente trabajo tiene como objetivo revisar la literatura actual disponible para buscar 

protocolos y guías claras sobre el uso clínico de Invisalign® y evaluar la predictibilidad de los 

resultados del tratamiento con esta técnica.  

Para ello, se realizó una búsqueda electrónica en las bases de datos Pubmed, Medline 

complete y Cinahl con texto completo. Sólo se revisaron manualmente los artículos y libros 

fechados en los últimos 15 años. Se eligieron 38 artículos, que cumplían los criterios de 

inclusión y exclusión, después de la lectura para realizar este trabajo. 

El sistema Invisalign® es capaz de resolver con precisión una amplia gama de maloclusiones 

dentales. Entre los diferentes tipos de movimientos dentales, la distalización molar y la 

inclinación bucolingual son los más predecibles, mientras que las rotaciones y los 

movimientos dentales verticales son los más difíciles. Todavía no existen protocolos claros 

basados en la evidencia para los dentistas. Se necesitan más investigaciones futuras con un 

fuerte nivel de evidencia. 
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Abstract 

 

The Invisalign® system has been created in response to a growing demand of aesthetics in 

orthodontic treatments. This series of removable transparent aligners are barely noticeable, 

even at close distance and more comfortable for patients. Initially, they were described in 

the treatment of mild to moderate cases. However, since its commercialization, many 

improvements have been made to provide patients and clinicians with a more predictable 

technique, extending its reach toward the resolution of more complex cases. As a fairly new 

technique, constantly evolving, clinicians require clear evidence-based protocols and 

guidelines in order to make the best therapeutical judgement.  

The present work is aimed to review the current available literature to research clear 

protocols and guidelines on the clinical use of Invisalign® and evaluate the predictability of 

the treatment results with this technique.  

To realize it, an electronic search was conducted on the databases: Pubmed, Medline 

complete and Cinahl with complete text. Only articles and books dated from the last 15 

years were manually reviewed. 38 articles, meeting the inclusion and exclusion criteria, were 

chosen after lecture to produce this work. 

The Invisalign® system is able to resolve a wide range of dental malocclusions with 

accuracy. Among the different types of tooth movements, molar distalization and 

buccolingual tipping are the most predictable ones whereas tooth rotations and vertical 

tooth movements are the most challenging ones. No clear evidence-based protocols are yet 

available to clinicians. More future researches with a strong level of evidence are required. 
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INTRODUCTION 

In the last decades, orthodontic treatments have evolved a lot to meet an increasing 

demand regarding the esthetics. In fact, there is a high concern of the population for 

physical appearance at all ages which has an important influence in one’s personal and 

professional life. People are more and more concerned about having a pleasant smile that 

corresponds to a current standard of white aligned teeth therefore, there is a high demand 

for orthodontic treatments to correct malocclusions.  

Conventionally, these malocclusions were treated with metallic braces however, this 

treatment option is widely considered unaesthetic. This is why more aesthetic treatment 

options have been developed such as ceramic tooth-colored, lingual or composite braces 

and clear aligners.  

Clear aligners could be used as a retainers or as an active orthodontic treatment. Essix and 

Trutain retainers are thermoformed appliances that extends into gingival undercuts used to 

treat minor malocclusions such as mild non-skeletal malocclusions. (1) 

If we talk about the use of Clear aligners for active orthodontic treatment, we can consider 

Invisalign® as the promoter of the treatment with transparent aligners although in recent 

years new brands have appeared such as Sin park, Alineadent, Dr. Smile.   As they are 

transparent plastic appliances, they represent a very good treatment option for patients that 

present mild to moderate alignment issues and are not willing to wear fixed appliances. (2) 

In this work we are going to focus on the technique with Invisalign®. 
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The Invisalign® appliances were introduced by Zia Chishti and Keysley Wirth through Align 

Technologies in the late 1990s with a start of commercialization in 1999. Firstly directed to 

orthodontists, the practice was later made accessible to all dental practitioners who 

completed the formation provided by the company. The system consists in a series of 

individualized customed plastic transparent aligners covering the clinical crown and marginal 

gingiva of teeth. They are created using a three-dimensional (3D) digital technology. (2) This 

technique requires tremendous participation of the patient as, to be effective, each aligner 

of the series has to be worn 20 to 22 hours a day. (1)  

This system has been shown to successfully treat certain malocclusions while others are 

more challenging. Over the years, many improvements have been made to increase the 

efficacy and predictability of the technique, allowing resolution of more complex cases. In 

any case, the decision to use Invisalign® aligners as treatment remains in the dentist’s 

judgement.  

Nowadays, dental practitioners are confronted, on one hand, to a lack of strong scientific 

evidence clearly reporting the indications and limitations of the technique and, on the other 

hand, to an increasing demand from patients. This work is aimed to review the literature 

available on this technique in order to identify the strengths and limitations of this technique 

and the predictability of treatment results. The objective being to research and provide clear 

updated guidelines on the use of this technique. 
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I. The Invisalign® system  

A- Description and indications 

The Invisalign® system presents itself as transparent aligners of less than 1mm thickness 

produced through CAD-CAM technology, each one producing tooth movement of 0.25 mm. 

To be effective, the aligners have to be worn 20 to 22 hours each day, being removed only 

for eating and oral hygiene. Every two weeks, the patient will change for the next aligner of 

the serie in order to continue treatment. (1) 

Regarding the indications of the technique, many articles (1-4) agree that this technique is 

more suitable in the following situations: 

- Mal aligned teeth (1-5 mm crowding or diastema) 

- Deep overbite (Class II division 2 malocclusion) 

- Expansion of narrow arches (4-6 mm) through tipping (dental origin) 

- Distal tipping of molars 

- Absolute intrusion of one or two teeth 

- Severe crowding with lower incisor extraction  

- Previously treated cases with mild relapse 

In all these conditions, the Invisalign® treatment is indicated although the practician have to 

be careful on case and patient selection in order to obtain satisfying results. 

On the other hand, although the Invisalign® system is in constant evolution, authors agree 

that the following pathologies are difficult to treat with this system, even sometimes 

contraindicated (1-5): 
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- Spacing or crowding > 5 mm 

- Severe tooth rotation > 20° 

- Severe tipping > 45° 

- Open bite (anterior or posterior) 

- Centric relation and centric occlusion discrepancies 

- Skeletal antero-posterior problems > 2mm 

- Tooth extrusion 

- Multiple missing teeth in an arch 

- Short clinical crowns 

- Closure of space following bicuspid extraction 

Moreover, in 2012, Proffit stated that it is complicated to treat ectopic canines and realize 

molar translation with this technique. (6) In another study, the authors explain that cases 

that require the extraction of premolars should not be treated with Invisalign® as it does 

not maintain the vertical position of teeth and produces an excessive tipping of teeth around 

the site of extraction. (4) 

However, as the system is constantly improving, the company “Align Technology” assures 

that more complex tooth movements are now possible using Invisalign®. (7) 
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B- Clinical process 

Before starting the treatment planning, the clinician must choose carefully the patient and 

the case based on the previously explained recommendations in terms of diagnosis. (2) This 

includes the initial assessment and diagnosis of the patient. (4) Also, all treatment 

characteristics must be explained and accepted by the patient as his compliance is of 

tremendous importance.  

Once this has been realized, the manufacturing process is divided in three phases: Patient 

records and scanning, followed by the creation of Clincheck set-up and finally, Fabrication of 

the aligners. (8) 

Patient records and scanning 

In this first phase, the clinician will provide the Align Technology company in Santa Clara, 

California with recent radiographies (panoramic and/or lateral cephalometric X-Ray), 

intraoral and extraoral photographies, impressions of both arches and a centric occlusion 

bite registration, as well as the prescription or treatment plan. (2,4,8) 

The impressions of both arches and the bite registration are commonly realized with 

Polyvinyl Siloxane (PVS) (1,2,4,8) as this material provide highly accurate impressions 

(negative reproduction of dental arches’ hard and soft tissues) that remain stable up to 3 

weeks. (2) The recommended protocol for impression taking with the PVS is the two-step 

one where we first use a heavy body material to create a loose-fitting custom tray before 

taking the definitive impression with light body material. (2) If the clinician possesses an 

intraoral scanner iTero, a digital impression of the arches can also be made instead. 
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Moreover, if the patient requires dental treatments that will modify the occlusal surface of 

the teeth, they must be realized prior to the impressions. 

The records will be sent either digitally or by mail via UPS in an Invisalign® submission box. 

Digital submissions are preferred as the records will remain accessible by dentist and staff 

during all the treatment improving its efficiency (8).  

Later, the impressions will be scanned and turned into three dimensional (3D) models. The 

company uses a sophisticated Computer Aided Tomography (CAT) scan with an amorphous 

silicon X-ray sensor where the impression is placed on a rotating platform (360°). (2,8) With 

this advanced technology, the impressions do not have to be poured before scanning as 

before. 

Since 2011, the classic PVS impressions have been replaced by intraoral scanning with the 

Itero intraoral scanner. This system allows direct creation of a 3D model from the mouth of 

the patient. Apart from considerable gain of time, this procedure is also more comfortable 

for the patient and accurate than classic PVS impressions to obtain initial records. The mean 

duration of a complete intraoral scanner is 11 minutes and 58 seconds. (8)  

 

Figure 1: Initial record of a patient with intraoral Itero scanner (2) 
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Clincheck set-up creation 

The Clincheck is a 3D representation of the dentist’s prescription which will be verified and 

can be modified until the clinician is satisfied. This step is the most important of the process 

as the clinician won’t have the possibility to modify the treatment later.  

It is composed of three steps: (2,8) 

- The cutting process where the technician uses “Tooth shaper” to individualize the 

teeth into separate units on the 3D model. Virtual gums are also placed around the 

teeth limits to have a better simulation of the results. (2,4,8)  

- The final set-up creation is the step in which the technician moves virtually the teeth 

individually to precisely match the prescription. (2) 

- The staging process is used to determine the number of necessary intermediate 

stages between the initial situation and the expected final result. It will be determined 

by the path and the velocity of each tooth movement and matches the future number 

of aligners needed. (2) The number of aligners mainly depend on the complexity of 

the case. 

 

 

 

 

Figure 2: Image of Tooth shaper (8) 
Figure 3: Image of Clincheck 2.0 
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Once the Clincheck has been created, the dentist will review it by considering factors such as 

the reality of tooth movement in each stage, the use and placement of attachments, the 

need of interproximal reduction (IPR), extraction, proclination, distalization or the number of 

aligners.  If the dentist does not consider it satisfying, he can modify the treatment plan and 

the technician will create a new Clincheck to be verified again by the dentist. (1,2,4,8) 

Finally, when the dentist is satisfied, he will accept the Clincheck and the fabrication of the 

aligners will start. 

The Clincheck can be presented to the patient which will be useful to educate and motivate 

him throughout treatment. (8) 

Fabrication of the aligners 

Depending on the complexity of the case, an Invisalign® treatment requires 6 to 40 aligners 

in average for each arch. To produce them in an accurate, reproductible and cost-effective 

way, the Align company uses Stereo Lithography (SLA) reference models. SLA is a process 

that creates dental models of each intermediate step with laser technology. They are made 

of an Ultra-violet curable liquid resin polymer. (2,8)  

 

 

 

 

Figure 4: SLA models for each arch and each stage (8) 
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In a second time, aligners will be vacuum formed over each SLA resin model using special 

plastic sheet. Also, each aligner will be laser engraved with the patient’s initials, the case 

number, the arch (upper or lower) and the number of the aligner in the sequence. (2,4,8) 

After its fabrication, the aligners will be trimmed, polished and disinfected before being 

prepared for shipment. (2,4) 

Finally, the treatment will start when the dentist delivers the first aligner of the sequence. At 

this occasion, the clinician will verify the aligner’s fit, place the attachments or realize IPR if 

necessary, provide to the patient all the necessary recommendations. Depending on the 

protocol chosen by the doctor, the aligner will be replaced every 15, 10 or 7 days by the 

following one of the sequence. 

In the course of the treatment, if the clinician considers it necessary, he can ask for “mid-

course correction” and new aligners will be fabricated. This situation can happen when the 

patient did not wear the aligners as much as necessary or when tooth movement does not 

match the prescription. (2)  

At the end of the aligner sequence, the results will be evaluated by the dentist and, if he 

considers it opportune, he will start a process called “refinement” where new aligners are 

produced to finalize tooth movements. According to a study, orthodontists report that 

refinement or mid-course correction is necessary in 70 to 80% of the cases. (9,10) 

To stabilize and maintain the treatment results, the dentist can choose between 

conventional retainers or the one offered by Invisalign® called “Vivera”. 
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C- Technological evolution over the years 

Since its commercialization in 1999 as simple aligners without attachments in which the 

results were related to the practicioners’ clinical experience, (5) the Invisalign® technique 

has evolved a lot since the company invested in research and development to provide a 

continuous evolution. New features such as the Smart Track material, the Smart Stage 

Technology, the Smart Force features and attachments, the Clin Advisor as well as the new 

generations of Invisalign® allowed this technique to become more performant and accurate 

over the years in order to be able to now treat a wide range of malocclusions. (5,11) 

 

 

 

 

SmartTrack Material  

Smart Track Material is an innovation as a medical grade polymer with additives that allow 

the production of thin, clear, flexible and strong products which also are biologically stable, 

inert and hypo-allergenic. (11) There are three different types of smart track materials: LD30 

(0.75 mm) used for the aligners, EX40 (1.02 mm) for retainers and EX15 (< 0,75 mm) for 

templates. 

Compared to the previous one (EX30), the Smart Track Material used for aligners, provide an 

improvement in the tracking and control of tooth movement releasing a more constant and 

Figure 5: The 3 innovations of Align Technology (11) 
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gentle force over the two weeks period. Moreover, this material is more elastic which 

reduces its likelihood to crack and confers a more precise aligner fit reducing the risk of 

distortion. This last improvement has increased the predictability of tooth movement up to 

75%. (11) Finally, it enhances the comfort of the patient wearing aligners and reduces the 

treatment time up to 50% thanks to the better control of movements. (5, 11) 

SmartForce Features  

The SmartForce concept was created in 2009 to overcome the impossibility of aligners alone 

to realize movements of tooth extrusion. (11) One of the feature consist in attachments that 

are placed on the buccal surface of the aligners to produce specific tooth movements such 

as extrusion, rotation, translation, mesial tooth movement, torque control and intrusion. 

Attachments are 3D geometrical shapes that enhance the interactions between the aligner 

and the tooth. (2). Before SmartForce, conventional attachments (rectangular, ellipsoid and 

beveled rectangular) were used. (11) For each type of movement there is a specific shape of 

optimized attachments which are presented in the Annex 1. (12) 

Another feature of SmartForce are the power ridges: plastic elevations that allow the direct 

application of a force on a tooth that are mainly used for root torque and incisor’s intrusion. 

(11) 

SmartStage Technology 

This technology was released in 2015 in order to improve the treatment with aligners of 

cases requiring premolar extraction and space closure. This new technology allows firstly to 

modify and optimize the shape of the aligner as well as the tooth movement sequence.  
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This technology is the equivalent of an activation of the aligner. Combined with SmartForce 

attachments, it enhances the predictability of treatment results and reduces unwanted 

movements during space closure such as tipping or anterior extrusion. (11) 

Clin Advisor 

It is a tool software available to practicians aimed to increase the effectiveness of case 

selection among other things. In fact, it uses a system to rate the complexity of the case and 

attributes a level of “Easy”, “Moderate” or “Advanced”. A list of the potentially complex 

movements and expected treatment characteristics are also provided. Finally, the dentist 

can choose the objective of the treatment between Pre-Restorative, Esthetic (teeth 

alignment), Anterior Function improvement (canine guidance) and Optimal Setup (treatment 

of malocclusions). (2) 

Evolution of Invisalign® generations over the years 

Over the last 10 years, many different versions of Invisalign® have been developed to 

improve the predictability and the range of malocclusions treated. We can find these 

different versions: (5) 

- Invisalign® G3 (2010-2011) associated with optimized SmartForce attachments for 

rotation and power ridges for lingual root torque 

- Invisalign® G4 (2011) aimed to treat anterior open bites with incisors extrusion 

(optimized attachments) and control mesio-distal root tip 

- Invisalign® G4E (2013) corresponding to the SmartTrack material improving the 

control of tooth movements 
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- Invisalign® G5 (2014) designed to correct deep bite malocclusions 

- Invisalign® G6 (2015) provide maximum anchorage in cases of first premolar 

extraction.  

- Invisalign® G7 (2016) increases treatment predictability and 1-week aligners are 

newly designed.  

- Invisalign® Teen (2017) is a new generation aimed to correct Class II malocclusion 

with mandibular advancement. This version overcomes the influence of growth on the 

treatment. 

- Invisalign® G+ (2018) enhances the features of G6 and G7 

- Invisalign® Go (2018) is a Chairside Digital Platform for dentists. 

- Invisalign® First (2018) is designed for phase I treatment.  

The benefits of all these innovations were quantified in a study realized by Invisalign® over 

more than 100.000 cases treated with the technique. The results have shown a significant 

increase in the predictability of tooth movements from 30% in canine extrusion to more 

than 500% in upper incisor torque movements (5) 

D- Advantages  

The main advantages of this technique are: (1,2,4) 

Customized aesthetic treatment:  As the aligners are thin and transparent, created from a 

precise PVS impression, their presence is barely noticed, even at close distance (2)  

Removable: Although the aligners have to be worn every day for a minimum 20-22h, they 

can be removed by the patient for eating and to perform oral hygiene techniques as well as 
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cleaning the aligners if needed. This is a considerable advantage for the patient. In 2012, a 

study has shown that mastication was more efficient in patients treated with Invisalign® 

compared to fixed orthodontics. (13) Later, other studies (14,15) reported that patients also 

show a better periodontal health thanks to the possibility to remove the aligner in order to 

brush teeth and use floss.  

Comfortable: The absence of metallic brackets and wires reduces the incidence of mouth 

irritations in those patients. (2) Studies have shown that Invisalign® patients report less 

pain, oral symptoms and negative effects on their quality of life during the first weeks of 

treatment compared to fixed orthodontics patients. (15,16) 

In the articles reviewed, other advantages are mentioned such as lower allergic responses, 

lower abrasion on occlusal surfaces due to parafunctional habits or shorter appointments. 

(1,2) Moreover, the ability to present the expected final result to patients, thanks to the 

Clincheck, is an important advantage that facilitates the dentist-patient relationship.  

E- Disadvantages and Limitations  

The two main disadvantages of the Invisalign® technique, according to authors, are:  

Patient’s compliance: As the appliances are removable, patient’s compliance has the 

outmost importance for the treatment to be successful.  It represents a disadvantage at the 

level of the clinician. (2) 

Lack of operator control: In fact, once the aligners have been fabricated, no modifications to 

the treatment plan can be made unless the clinician requires the fabrication of new aligners 

(1,2,4) 
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The other limitations are more related to tooth movements. A study reported that, in 

treatment with Invisalign®, the intrusion of posterior teeth (0.25-0.5 mm) is often noticed 

and have to be corrected during the retention period, at the end of the treatment. (17) 

Moreover, this technique is limited to tooth movements of pure dental origin. (2)  

Finally, this technique requires fully erupted teeth for appropriate retention and all needed 

restorative work should be performed prior to PVS impressions for Invisalign®. (2) 

 

 

 

OBJECTIVES  
 

The objectives of this work are: 

1. Research the actual protocols and guidelines regarding orthodontic treatment with 

Invisalign®. 

2. Determine which type of tooth movement are more predictable with the Invisalign® 

system. 

3. Study which types of malocclusions can be treated with Invisalign® 

4. Determine the stability of treatment outcomes over time. 
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MATERIAL AND METHODS  

To realize this work, an electronic search of articles was realized amongst the following 

databases: PubMed, Medline complete, Cinahl with full text, Dentistry and Oral sciences 

with the key words “Invisalign”, “Clear aligners”, “Predictabilitiy of treatment results”, 

“Treatment outcome” and “Accuracy”.  

Following this search, the articles were reviewed manually and selected based on the 

following criteria:  

 

Inclusion criteria Exclusion criteria 

- Studies on patients over 15 years 

- Treatment with Invisalign® 

- Full text available 

- Dated of 15 years or less 

- Languages: English, Spanish or 

French 

- Studies on animals and growing 

patients. 

- Only abstract or summary available 

- Patients treated with surgery 

- Dated of more than 15 years 

- Case descriptions 

 

Finally, this work was conducted based on 38 articles including one meta-analysis, 5 

systematic reviews, 2 randomized clinical trial (RCT), 16 prospective studies, 12 retrospective 

studies, 1 pilot study and 1 case-series. 
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DISCUSSION OF RESULTS : 

The different articles reviewed for this work are summarized in the following table:  

AUTHORS, YEAR  
STUDY DESIGN 

PARTICIPANTS OUTCOME 
ASSESSED 

MAIN RESULTS 

Simon and al  
2014 (7) 
 
Retrospective 

30 Accuracy of molar 
distalization, 
premolar de-
rotation and incisor 
torque 

- Overall accuracy: 59% 
- Premolar de-rotation should 
be <15° with 1.5° staging 
maximum. 
- Mean accuracies:  
PM de-rotation: 40% 
Molar distalization > 1.5 mm : 
87% 
Incisor torque: 42% 

Kravitz and al 
2009 (9) 
 
Prospective 

37 Accuracy of tooth 
movements 

- Mean accuracy: 41% 
- Highest accuracy: lingual 
constriction (47.1%) 
- Lowest accuracy: Extrusion 
(29.6%) 
- Difficult rotation of canines, 
especially > 15° 

Houle and al  
2017 (10) 
 
Retrospective 

64 Accuracy of 
transverse changes 

- Mean accuracy of expansion: 
Mx: 72.8% Mn: 87.7% 
- Clincheck overestimates bodily 
movement, higher tipping. 

Shalish and al  
2012 (13) 
 
Prospective 

68 
21 InvisalignÒ 
19 Lingual 
appliance 
28 Buccal 
appliance 

Patient’s recovery 
after insertion 

- InvisalignÒ group presents 
lower levels of oral symptoms 
and dysfunctions 
- Higher level of pain reported in 
the first days with aligners 

Kharkanechi and 
al (14) 
2013 
 
Prospective 

42 
22 fixed appliances 
20  aligners 

Periodontal health 
over 1 year of active 
treatment 

Treatment with fixed appliances 
are associated with reduced 
periodontal status and higher 
levels of periodontopathic 
bacteria compared with 
aligners.  

Lu and al  
2018 (15) 
 
Meta-analysis 

7 articles  
368 patients 

Comparison and 
assessment of 
periodontal status 
with InvisalignÒand 
fixed appliances 

The InvisalignÒgroup presented 
significantly lower sulcus 
bleeding and plaque indexes at 
1, 3 and 6 months. 
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Miller and al (16) 
2007 
Prospective 

60 
33 aligners 
27 fixed appliances 

Impacts of 
treatment during 
the first week 

Lower levels of pain and 
negative effects on their quality 
of life with InvisalignÒ. 

Rossini and al 
(17) 
2015 
 
Systematic review 

11 articles Assessment of 
InvisalignÒ efficacy 

- Mean intrusion: 0.72 mm 
- Extrusion is the least accurate 
movement (30%) 
- Aligners are able to level 
arches and control anterior 
intrusion 

Buschang and al 
(18) 
 2014 
 
Prospective 

27 Accuracy of 
occlusion at the end 
of the treatment 

Final Clincheck does not reflect 
accurately patient’s occlusion at 
the end of treatment 

Gu and al (19) 
2017 
 
Retrospective 

96 Comparison 
between InvisalignÒ 
and fixed appliances 

- 5.7 months shorter treatment 
time with InvisalignÒ 
- Both techniques can treat mild 
to moderate cases 
- Fixed appliances produce 
greater movements  

Galan-Lopez and 
al (20) 
2019 
 
Systematic review 

15 articles Assessment of 
InvisalignÒ accuracy 
and efficiency 

-Tooth rotations and vertical 
displacement are challenging 
- IPR is recommended in canine 
rotation 
- In cases of crowding > 6mm, 
proclination and protrusion of 
incisors occur 
- Treatment results are less 
accurate than with fixed 
appliances. 

Barbagello and al  
2008   (21) 
Prospective 

27 
9 InvisalignÒ 
9 light forces 
9 heavy forces 

Effects on premolar 
cementum 

Aligners and light orthodontic 
forces have similar effects on 
root cementum. 

Drake and al (24) 
2012 
 
Prospective 

50 
15 weekly aligner 
change 
37 biweekly aligner 
change 

Assessment of 
orthodontic tooth 
movement (OTM) 

- More OTM is observed during 
the first week (4.4 times more) 
- Mean accuracy: 55% 

Chisari and al 
(25) 
2014 
 
Prospective 

30 Variables that 
influence tooth 
movement 

- Mean accuracy: 57% 
- Tooth movement occurs 
mostly during the first week 
- Age and sex affect tooth 
movement 
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Papadimitriou 
and al (26) 
2018 
 
Systematic review 

22 articles Assessment of 
InvisalignÒ clinical 
effectiveness 

- InvisalignÒ is a good 
alternative to fixed orthodontics 
in mild to moderate cases 
without extractions.  
- Predictable movements: tooth 
leveling, tipping and de-rotation 
(except cuspids and premolars) 
- Low accuracy movements: 
vertical movements, space 
closure after extraction and 
bodily movements in arch 
expansion. 

Kravitz and al 
(27) 
2008 
 
Prospective 

31 Canine rotation with 
IPR or attachments 

- Mean accuracy: 35.8% 
- Predictability of canine 
rotation is not significantly 
improved with IPR or 
attachments. 

Levrini and al 
(28) 
2015 
Prospective 

77 
32 InvisalignÒ 
35 Fixed appliances 
10 Control group 

Assessment of 
periodontal health 
with InvisalignÒ 

- Superior periodontal health in 
patients treated with Invisalign 
- Lower total mass of total 
biofilm in the InvisalignÒ group 

Rossini and al  
2015      (29) 
Systematic review 

5 articles Assessment of 
periodontal health 
with InvisalignÒ 

Significant improvement of 
periodontal health indexes in 
patients treated with 
InvisalignÒ 

Moshiri and al  
2013 (30) 
Case series 

4 cases Impact of oral 
hygiene in aligner 
therapy 

Poor oral hygiene with aligners 
can lead to decalcifications or 
caries development.   

Gay and al (31) 
2017 
 
Prospective 

71 Assessment of 
prevalence and 
severity of root 
resorption with 
InvisalignÒ 

- InvisalignÒ treatment could 
lead to root resorption 
- Similar incidence compared to 
light forces 
- Mean percentage <10% of 
original length of the root 

Aldeeri and al  
2018   (32) 
Systematic review  

2 articles Association of clear 
aligners and root 
resorption 

There is a low risk of root 
resorption with clear aligners 

Eissa and al (33) 
2018 
 
Pilot study 

33 
11 InvisalignÒ 
11 damon brackets 
11 regular brackets 

Assessment of root 
length 

- Significant root resorption in 
all groups 
- Less root resorption occurs 
with InvisalignÒ 

Li and al (34) 
2020 
Retrospective 

70 
35 InvisalignÒ 
35 Fixed appliances 

Prevalence and 
severity of root 
resorption 

The InvisalignÒ group 
presented significantly lower 
prevalence and severity of root 
resorption 
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Grünheid and al 
2017 (35) 
 
Retrospective 

30 
Non extraction 
cases 

Accuracy of tooth 
movements with 
InvisalignÒ 

- Non clinically significant 
discrepancies between 
predictions and outcomes 
except for Mx 2nd molar  
- Arch expansion and rotation of 
rounded teeth are incomplete 

Charalampakis 
and al (36) 
2018 
 
Retrospective 

20  Accuracy of tooth 
movements with 
InvisalignÒ 

- Horizontal movements of 
incisors are accurate 
- Least accurate movements are 
canine rotation and intrusion of 
incisors. 

Haouili and al 
2020  (37) 
 
Prospective 

38 Accuracy of tooth 
movements with 
InvisalignÒ 

- Overall accuracy: 50% 
- Mean accuracies: 
Buccolingual tip: 56% 
Rotation: 46% 
Intrusion: 45% 
Extrusion: 46% 
- Mesial rotation is more 
predictable than distal rotation 

Krieger and al  
2012  (38) 
 
Retrospective 

50 Accuracy of 
InvisalignÒ on 
anterior teeth 

- InvisalignÒ can correct 
moderate to severe anterior 
crowding 
- Outcomes are consistent with 
predictions except for overbite 
- Vertical tooth movements are 
challenging with InvisalignÒ 

Kassas and al 
2013  (39) 
 
Retrospective 

31 Accuracy of 
InvisalignÒ 
treatment 

- Significant increase of MGS 
scores for alignment and 
buccolingual inclination 
categories 
- MGS scores for occlusal 
contacts and occlusal 
relationships decreased during 
treatment. 

Castroflorio and 
al (40) 
2013 
Prospective 

6 Accuracy of torque 
control on upper 
incisors 

For a torque correction of 10°, 
results obtained with 
InvisalignÒ are predictable 

Grünheid and al  
2016  (41) 
 
Retrospective 

60 
30 InvisalignÒ 
30 fixed appliances 

Assessment of 
buccolingual tipping 
of mandibular 
canines 

InvisalignÒ is able to increase 
intercanine width without 
increasing canine tipping 
compared to braces. 
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Pavoni and al  
2011   (42) 
 
Prospective 

40 
20 InvisalignÒ 
20 self-ligating 
brackets 

Assessment of 
dentoalveolar 
effects 

- Same treatment time for both 
techniques in class I mild 
crowding 
- InvisalignÒ can tip crowns 
easily but not roots 

Ravera and al 
2016  (43) 
 
Retrospective 

20 Accuracy of molar 
distalization 

- 1st Mx molar: distalization of 
2.25mm  
- 2nd Mx molar: distalization of 
2.52 mm 
- Facial height remains 
unchanged 

Solano-Mendoza 
and al (44) 
2017 
Prospective 

116 Accuracy of 
expansion with 
InvisalignÒ 

Expansion planned with 
Clincheck is not predictable 

Zhou and al 
2020  (45) 
 
Prospective 

20 Accuracy of arch 
expansion with 
InvisalignÒ 

- Significant discrepancies 
between expansion predictions 
and results 
- Predictability of expansion 
decreases from anterior to 
posterior region 
- Mean accuracy of 1st Mx molar 
bodily movement: 36.35% 

Khosravi and al  
2016  (46) 
 
Retrospective 

120 
68 normal overbite 
40 deep bite 
12 open bite 

Treatment of 
overbite with 
InvisalignÒ 

- Normal overbite is maintained  
- Deep bite and Open bite are 
improved of 1.5 mm in average 
through changes in the position 
of incisors  

Li and al (20) 
2015 
 
RCT 

152 
76 InvisalignÒ 
76 fixed appliances 

Treatment 
outcomes in class I 
with extraction 

- Longer treatment time for 
InvisalignÒ 
- Worse performance of 
InvisalignÒ in occlusal contacts 
and buccolingual inclination 
- Both types of treatment were 
equally successful  

Kuncio and al 
2007    (47) 
 
Retrospective 

22 
11 InvisalignÒ 
11 fixed appliances 

Stability of 
treatment outcomes 
post retention 

- More relapses with Invisalign 
Ò compared to fixed appliances 
3 years after. 
- Worsening of total and 
mandibular alignment in both 
groups 
- Worsening of maxillary 
alignment for InvisalignÒ 
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Preston (48) 
2017 
 
RCT 

44 
22 InvisalignÒ 
22 braces 

Stability of occlusal 
changes post 
retention 

Similar settling of results in both 
groups after 6 months of 
retention 

 

A- Treatment	duration	and	biomechanics	

In the marketing approach by the Align Technology company, the InvisalignÒ treatment is 

presented as shorter in comparison with treatment with conventional fixed orthodontics. 

Some studies have been conducted on the subject in order to verify this information.  

On one hand, a study conducted on 300 patients compared treatment time between 

InvisalignÒ patients and patients treated with fixed orthodontics. They demonstrated that, 

in the case of light to moderate malocclusions without extractions, the treatment with 

aligners is 5.5 months shorter in average compared with the other group. (18) This result 

was confirmed later by a study conducted later where they found a significant reduction of 

treatment duration of 5.7 months in average with aligners. (19)  

However, this last study also showed that, in cases with extractions, the treatment with 

InvisalignÒ was longer than the conventional one. (19) In addition, a recent randomized 

clinical trial evaluated the treatment of class I malocclusion with extraction and aligners or 

fixed orthodontics. The result was an average treatment duration of 31.5 months for 

InvisalignÒ against 22 months for conventional treatment. (20)  

Based on these informations, we can conclude that in cases without extractions the 

treatment with aligners is in fact shorter. However, the complexity of the case has a large 

influence on the treatment duration and cases requiring extractions might be treated more 
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efficiently with conventional orthodontics than InvisalignÒ. It also has to be noted that there 

is a delay of up to 2 months between the virtual treatment planning and the application of 

the first aligner with this technique which increases total treatment duration. (4) 

Another interesting aspect of the InvisalignÒ treatment evaluated in the literature is the 

biomechanics of the system and the change of aligners.  

There are very few studies about the amount of forces delivered by the aligners. Only one 

study published in 2008, conducted on 8 patients evaluated the forces delivered by the 

aligners on the first maxillary premolar for a vestibular movement of 0.5 mm. They 

measured an average intensity of 1.12 N with a maximum of 5.12 N at the placement of the 

aligner in mouth.  (21) Another study demonstrated that the forces delivered by the aligners 

are mainly located at the occlusal level. (22)  

According to Bouchez, the aligners deliver light intermittent forces with a maximum intensity 

at placement that decreases rapidly. He also mentioned that the forces are exclusively 

applied on the teeth that require movement while the others are used as anchorage which 

reduces dental and periodontal pain for the patient. (23) 

In addition, more recent studies showed that there are 4.4 times more tooth movement 

during the first week with the aligner. (24,25). This finding, added to the recent development 

of aligners that could be changed weekly instead of every two weeks by Align Technology, 

led the authors to consider the influence of the rhythm of aligner change on the treatment.  
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A randomized clinical trial, conducted by Bollen and al., demonstrated that with a biweekly 

aligner change patients are more likely to complete treatment compared to weekly change. 

(26)  

Furthermore, authors suggest that a change rate of two weeks is the more appropriate in 

most cases as it allows rest periods for the tooth to recover from the forces applied by the 

aligner (24) which also stabilizes the tooth movement (25). Therefore, a weekly change 

should be individualized based on considerations such as the case complexity.  

 

B- Treatment accuracy 

Several studies have been conducted over the years to assess the accuracy of the treatment 

with InvisalignÒ.  

In 2008, Kravitz and al. assessed the displacement of canines with aligners. They reported an 

accuracy of 35.8%. (27) Drake and al found that 55% of the movement prescribed were 

obtained. (24). Later, Chisari and al (25) and Simon and al (7) revealed mean accuracies of 

57% and 59.3% respectively. Most recently, Houle and al (10) obtained an accuracy of 72.8% 

in the maxilla and 87.7% in the mandible regarding transverse expansion.   

It has to be noted that these different studies were focused on different types of movements 

and different types of tooth and they do not all account for the different improvement of the 

technique during the past years. Moreover, the most recent studies revealed no clinically 

significant difference between the predicted results and the ones obtained (10).  
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As presented in these studies, the accuracy of the treatment with InvisalignÒ depends on 

the type of movement considered as well as the type of tooth considered therefore, we will 

assess these results more precisely later in this work.  

 

C- InvisalignÒ and periodontal health 

In the literature, several authors investigated the relationship between the treatment with 

InvisalignÒ and the periodontal health of the patients.  

In 2013, a one-year study demonstrated that patients treated with InvisalignÒ presented an 

increased periodontal status and a reduced amount of periodontopathic bacteria compared 

to patients treated with fixed appliances. (14)  

In 2015, Levini and al compared the periodontal health of three groups (control group, 

InvisalignÒ and fixed appliances). The results showed that the InvisalignÒ patients revealed 

a significantly better periodontal health including plaque and bleeding point indexes and 

probing depth as well as an absence of periodontal bacteria. (28) 

The same year, Rossini and al conducted a systematic review of 5 articles to evaluate the 

periodontal health of patients treated with aligners. Although only 5 articles were included 

in this review, their conclusion confirmed earlier results where aligners patients presented 

improved periodontal indices in comparison with fixed appliances patients. (29)  
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More recently, a meta-analysis of 7 articles including 368 patients in total, demonstrated a 

significant reduced plaque index and sulcus bleeding index at 1,3 and 6 months of treatment 

in the InvisalignÒ group. (15) 

The literature widely agrees on the fact that aligners provide an improved periodontal health 

to patients compared with conventional treatment thus making it the treatment of choice 

for patients with periodontal problems. (3) 

However, aligners can constitute a favorable environment for bacterial accumulation leading 

to gingival inflammation or tooth demineralization if proper hygiene is not maintained. (36) 

One article suggests that the aligners should be cleaned with a toothbrush and soaked in 

warm water with dissolving tablets for 5 minutes (2) 

 

D- InvisalignÒ and Root Resorption 

Several of the reviewed studies analyzed the relationship between InvisalignÒ and the 

alveolar root resorption.  

In 2017, one study demonstrated that the appearance of root resorption with InvisalignÒ 

was similar to the ones observed in patients treated with light forces fixed orthodontics with 

an average of less than 10% of the original length of the root. These results were later 

confirmed by a systematic review of 2 articles. (32) 
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Two other studies revealed that the prevalence and severity of alveolar root resorption was 

significantly lower in the InvisalignÒ group (56.3%) compared to fixed appliances (82.11%). 

(33,34) 

We can conclude that the treatment with aligners is less subject to the appearance of root 

resorption, probably explained by the removable character of the appliance.  

 

Since its development, the InvisalignÒ system has become a very popular treatment 

option among clinicians and patients. Clear advantages of this technique are the higher 

aesthetics and comfort compared with fixed orthodontics. In addition, as clear aligners are 

removable, they allow patients to have a better oral hygiene leading to higher periodontal 

health status. However, being removable is also a limitation from the clinician point of view 

since patient’s compliance is required for a successful treatment. 

The marketing strategy of the Align company promotes the idea that treatment of 

malocclusions with InvisalignÒ is shorter than conventional fixed orthodontics. Based on the 

studies reviewed, we can say that indeed, treatment with clear aligners is 5.7 months 

shorter in simple malocclusions (i.e crowding) treated without extractions (19). However, in 

class I malocclusions treated with premolar extraction, treatment time has been reported to 

be significantly longer with InvisalignÒ than braces (20,26). Therefore, this statement cannot 

be generalized.  
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Treatment duration is directly linked to the complexity of the case treated and its 

requirements (i.e degree or amount of tooth movements, extractions). If we consider cases 

of mild to moderate severity without extractions, treatment with clear aligners is shorter. 

The most recent study considered in this work reported an average predictability of 

50% for treatment with InvisalignÒ (37), significant increase from the 41% reported in 2009 

(9). However, it has to be considered that the Clincheck does not provide a precise 

prediction of the tooth position at the end of treatment. In fact, the Clincheck only provides 

a « graphic depiction of force systems » and some tooth movements are subject to over 

engineering. This means that the percentages of accuracy reported, based on the clincheck 

predictions are not equal to the percentage of clinical efficacy of the treatment. (37) In fact, 

most discrepancies are not clinically significant thus they do not indicate unsatisfactory 

treatment results on a clinical level. (35) 
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II. Predictability of tooth movements with InvisalignÒ 

A- Intrusion 

The intrusion is the action of partially introducing the tooth into the bone. 

Regarding intrusion, the first pertinent article was published in 2009 by Kravitz and al where 

they conducted a prospective study to evaluate the efficacy of the InvisalignÒ system. (9) 

Their study included 37 patients and analyzed anterior teeth movements. Their results 

indicated that the precision of anterior teeth’s intrusion was 41.3% with the highest 

predictability for mandibular central incisors (46,6%) and the lowest for maxillary lateral 

incisors (32.5%). They also reported that aligners are able to produce an average true 

intrusion of 0.72 mm per arch.  

In 2017, Grünheid and al revealed that the intrusion of mandibular incisors was one of the 

movements presenting the highest discrepancy between expected and obtained tooth 

position: the anterior teeth appeared in a more occlusal position than expected. However, 

they did not calculate the percentage of accuracy. (35) In 2018, Charalampakis and al came 

to the same conclusion. (36) 

In 2020, Haouili and al published the results of a prospective study on 38 patients aimed to 

provide actualized information on the accuracy of InvisalignÒ. Their study demonstrated the 

highest accuracy in the intrusion of mandibular first premolar (63.1%) and the lowest for 

intrusion of maxillary (33.4%) and mandibular (33.9%) central incisors. They also obtained a 

relatively high predictability in the intrusion of mandibular (51.3%) and maxillary (53.3%) 

canine, mandibular second premolar (56.1%) and mandibular second molar (51.3%). (37) 
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Based on this literature, we can conclude that tooth intrusion is a challenging movement to 

produce with InvisalignÒ, especially on incisors. However, a relatively accurate intrusion can 

be obtained on mandibular posterior teeth.  

 

B- Extrusion 

Extrusion is the displacement of a tooth in a coronal direction along its long axis.  

In 2009, Kravitz and al reported that tooth extrusion with InvisalignÒ was the least accurate 

movement with an average predictability of 29.6%, lowest for maxillary (18%) and 

mandibular (25%) incisors considering an average extrusion of 0.56 mm. (9)  

In 2012, Krieger and al concluded in their study that tooth movements in the vertical plane 

with InvisalignÒ (which includes both intrusion and extrusion) are the most difficult ones to 

achieve as they presented the largest deviations. (38) A year later, the study published by 

Kassas and al reported similar results (39) 

In 2020, Haouili and al obtained a mean accuracy of 45.9% for tooth extrusion, the highest 

accuracy being the extrusion of maxillary central incisor (56.4%) followed by maxillary lateral 

incisors (53.7%) and mandibular second premolar (52.5%). The least predictable tooth 

extrusions were the mandibular second molar (37.1%) followed by the maxillary first molar 

(37.6%) and second premolar (38.3%). (37) 

These results show an improvement of the performances of InvisalignÒ over the last years 

regarding tooth extrusion.  
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C- Rotation 

Tooth rotation is defined as the intra-alveolar movement of a tooth in a mesial or distal 

direction around its long axis.  

In the literature, Kravitz and al analyzed the effects of interventions such as the use of 

attachments or IPR for canine rotation with InvisalignÒ. Their prospective study included 31 

patients divided in 3 groups: one group used attachments, another was subject to IPR and 

the last one did not receive any intervention. Considering the three groups, a mean accuracy 

of 35.8% was obtained with a higher accuracy (43.1%) in the group with interproximal 

reduction (IPR) and the lowest accuracy (30.3%) in the group that did not receive any 

intervention. (27)  

In their study of 2009, Kravitz and al described a highest predictability for the rotation of 

maxillary central incisors (55%) and mandibular lateral incisors (52%). The lowest 

predictability was described for the rotation of mandibular (29%) and maxillary (32%) 

canines. They also indicated that the predictability of canine rotation was significantly 

decreased for movements greater than 15°. (9) 

In 2014, Simon and al conducted a retrospective study on 30 patients where they analyzed 

premolar de-rotation. They demonstrated a mean accuracy around 40% for this movement 

with a reduced accuracy for overall de-rotations greater than 15° (23.6%). Their results also 

prove that a prescription below 1.5° of rotation per aligner (staging) increases the 

predictability of the rotation: 41.8% against 23.2% for a staging > 1.5°. (7) 
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Later, two retrospective studies revealed that the rotation of canines and premolars with 

InvisalignÒ was one of the least predictable movements. (35,36) 

In 2020, the prospective study of Haouili and al evaluated the rotations of all teeth with 

InvisalignÒ, considering the direction of the movement (mesial or distal) as well. Their 

results showed a mean accuracy of 45.5% with the lowest accuracy for mandibular second 

molars (33.6%). The average predictability of canine and premolar rotation was 46%. They 

also demonstrated that mesial rotation (52%) was significantly more predictable than distal 

rotation (37%). (37) 

The results of these different studies suggest that tooth rotation with aligners are 

challenging movements, especially for cylindric teeth such as canine or premolars. 

Furthermore, rotations with InvisalignÒ should be limited below 15° and a staging < 1.5°.  

 

D- Torque 

Torque is defined as a bucco-lingual movement of the tooth around its center point. The 

crown and the root of the tooth move in opposite directions.   

In 2009, Kravitz and al reported that the lingual torque produced by InvisalignÒ is 

significantly more accurate (53%) than the buccal torque (38%), especially for maxillary 

incisors. (9) 

In 2013, Kassas and al conducted a retrospective study on 31 patients where they evaluated 

that an average torque of 8° could be corrected with InvisalignÒ. The incisal torque had a 
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predictability of 67%, the anterior one 62% and the posterior torque 42%. They also 

reported an increased score of the torque with InvisalignÒ based on the Model Grading 

System (MGS) of the American Board of Orthodontics. (39) 

That same year, a prospective study conducted on 6 patients demonstrated a mean variation 

of 10.4° of torque with InvisalignÒ. (40) 

In 2014, Simon and al evaluated the production of upper central incisor torque with 

InvisalignÒ using either horizontal ellipsoid attachment or Power ridges with a mean 

accuracy of 42%. They found no statistical difference between both groups which presented 

a mean accuracy of 49.1% and 51.5% respectively. (7) 

In 2017, Grünheid and al analyzed the discrepancies between the expected and achieved 

torque movements with InvisalignÒ in 30 patients. Although they did not calculate 

percentages, the highest discrepancies were seen in the maxillary second molar (-2.13 ± 

4.19°) and central incisor (1.75 ± 2.86°). Other significant discrepancies in torque movement 

were observed in maxillary second premolar (-1.18 ± 3.27) and first molar (-1.45 ± 3.37) as 

well as mandibular canine (-1.60 ± 2.04) and second molar (-1.09 ± 2.13). However 

statistically significant, only the torque discrepancy in maxillary second molar (above 2°) has 

been demonstrated as clinically significant. (35) In addition, they reported that the 

discrepancy found in the torque of maxillary central incisor was consistent with the 

observation made by other authors on a higher tipping of those teeth with InvisalignÒ 

compared to bodily movement. (24, 41) 
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These results suggest that InvisalignÒ system cannot perform torque movements above 10° 

and the least accurate torque movements appear on the maxillary central incisor and second 

molar, the last one being clinically significant. 

 

E- Tipping 

Tipping is defined as a modification of the long axis of the toot in the mesiodistal or 

buccolingual direction. 

In 2009, Kravitz and al reported a mean predictability of 40.5% for anterior mesiodistal 

tipping with InvisalignÒ. The highest accuracy was for mandibular (49%) and maxillary 

(43.1%) lateral incisors and the lowest one for mandibular canines (26.9%) followed by 

maxillary canine (35%) and central incisors (39%). Their results also stated that buccolingual 

tipping of anterior teeth had a mean predictability of 44.7% and lingual tipping was more 

accurate (53%) than buccal tipping (38%). (9) 

In 2011, Pavoni and al concluded that the InvisalignÒ system has the ability to tip the crown 

without moving the root of the tooth. (42) In 2013, Kassas and al showed a significant 

amelioration of the MGS score of buccolingual tipping, particularly in the posterior sector. 

(39) 

In 2017, Grünheid and al evaluated in their study the discrepancies between expected and 

achieved tipping. Although they did not establish percentages, the only statistically 

significant discrepancies are in the tipping of the mandibular second molar (1.07 ± 3.06°) and 
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the maxillary first molar (-1.06 ± 1.40°). Mandibular second molars appear more distally 

tipped whereas maxillary first molars are more mesially tipped. (35) 

In 2020, Haouili and al also studied the movement of tipping with InvisalignÒ in both 

mesiodistal and buccolingual directions. Of all the movements evaluated in their study, 

buccolingual tipping was the most predictable one with a mean accuracy of 56% and more 

precisely the buccal tipping of the lateral maxillary incisor (70%). The lowest accuracy was 

shown by the buccal tipping of the second molar (35% in average). Comparing the results of 

the tipping between the arches, we can see that both arches present similar results in the 

buccal (57.6%), distal (53.4%) and lingual (54.8%) tipping however in the mesial tipping, the 

maxillary arch presents a slightly better accuracy (52.7%) than the mandibular one (48.8%).  

(37) 

Based on the literature we can affirm that the tipping movement realized with InvisalignÒ is 

one of the most predictable. 

 

F- Molar distalization 

Molar distalization is the distal bodily movement of a molar.  

In 2014, Simon and al reported that molar distalization was the most predictable movement 

performed with InvisalignÒ (87% of mean accuracy). They also evaluated the influence of 

attachments on this movement and found no statistical difference between the group of 

patients with attachments (88.4%) and the control group (86.9%) for an average movement 

of 2.7 mm (> 1.5 mm) and a staging of 0.2 mm. (7) 
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In 2016, Ravera and al implemented a multicentered retrospective study on 20 adult 

patients for the cephalometric evaluation of class II malocclusions treated with InvisalignÒ. 

Their results have shown that it is possible to realize a distal displacement of the first and 

second maxillary molars of 2.25 mm and 2.52 mm respectively without significant tipping or 

vertical movement. In addition, the treatment of class II malocclusions with InvisalignÒ did 

not modify the facial height of the patient. (43) 

These articles suggest that molar distalization can be performed with a high accuracy using 

InvisalignÒ for prescribed movements greater than 1.5 mm.  

 

G- Arch expansion 

Arch expansion is a method used to increase the space in the arch, allowing to solve 

crowding in many cases.  

Some studies have analyzed arch expansion produced in patients using InvisalignÒ.  

In 2009, Kravitz and al reported an average predictability of 40.5% for expansion in an 

anteroposterior direction. In their analysis of 37 patients, the highest accuracy of expansion 

was recorded in the mandibular (50.8%) and maxillary (49%) lateral incisors followed by the 

maxillary central incisor (48.5%). The lowest accuracy was recorded for the mandibular 

central incisor (27.4%) and canine (29%). (9) 

Few years later, Pavoni and al studied the transversal changes with InvisalignÒ in 40 patients 

divided in two equal groups: one treated with InvisalignÒ and the other one with self-
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ligating brackets. The InvisalignÒ group has shown a significant increase at the fossa points 

in intermolar (0.5 mm) and second interpremolar (0.45 mm) widths. However, no significant 

increase in intercanine width was reported. It should also be noted that, in this group, 

corrections were achieved through IPR without significant increase of the arch width or 

length. (42) 

In 2017, Houle and al (10) conducted a retrospective study to evaluate the predictability of 

transverse changes with InvisalignÒ on 64 adult patients. They measured maxillary and 

mandibular arch widths at the gingival margin and cusp tips of canines, premolars and first 

molars at the end of the treatment (outcomes). These measurements were compared with 

the final Clincheck predictions. For the maxilla, all measurements presented a statistically 

significant discrepancy between the Clincheck and treatment outcomes. The most 

predictable change was seen at the cusp tip of the canine (88.9%) and the least accurate one 

at the lingual gingival margin of the first molar (52.9%).   

Regarding the lower arch, the measurements at the cusp tip did not show any significant 

discrepancy with an accuracy surrounding 100% in all teeth. However, all measurements at 

the gingival margin revealed a significant difference between the Clincheck and the outcome 

with an accuracy from 61.0% at the canine to 88.4% at the first premolar.  

Overall, the transversal changes in the maxilla presented a predictability of 72.8%, higher at 

cusp tip (82.9%) than gingival margin (62.7%). The changes in the mandible revealed an 

overall predictability of 87.7%, worse at gingival margin (76.4%) than cup tip (98.9%). They 

also noted that, in the maxilla, the predictability of transverse changes was reduced in the 

posterior region compared to the anterior one. In addition, the molars show more tipping 
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than bodily movement during transversal changes with InvisalignÒ. These parameters 

should be taken into account while doing the Clincheck. (10) 

The results obtained by Solano-Mendoza and al. also confirmed those results as they 

obtained significant discrepancies between in most outcome measurements compared to 

the final Clincheck. Their conclusion was that planned expansion with InvisalignÒ is not a 

predictable displacement. It should be noted that their prospective study was conducted 

using Ex 30’ aligners which have been more recently replaced by the SmartForce material. 

(44) 

That same year, Grünheid and al reported that maxillary posterior teeth presented a more 

lingual position with higher buccal crown torque than expected which suggests that the 

expansion of the maxillary arch could not be achieved completely through bodily movement. 

(35) 

More recently, Zhou and al analyzed the expansion of the upper arch with InvisalignÒ on 20 

Chinese adult patients. They compared the outcomes measured with those predicted at the 

level of the crowns of canine, both premolars and the first molar. They also assessed the 

amount of bodily expansion produced during expansion at the level of the first molar. Their 

results have shown a significant difference between the expected and achieved expansion in 

all the teeth considered. The mean accuracies reported are 79.5% at the canine, 76.1% at 

the first premolar, 73.3% at the second premolar and 68.3% at the first molar. (45)  

The skeletal changes of the maxilla were assessed with Cone Beam Computed Tomography 

(CBCT) and it resulted that there were no significant changes in the basal bone width 
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whereas the buccal (0.87 mm) and lingual (0.75 mm) alveolar bone widths expanded 

significantly. (45) 

At the level of the maxillary first molar, the authors assessed a bigger expansion at the level 

of the crown (1.06 ± 0.51 mm) compared to the root (0.29 ± 0.36 mm) with a significant 

2.07° increase in the buccolingual inclination. In addition, they reported that the mean 

accuracy of this tooth’s bodily movement was 36.35%. (45) 

Based on the results presented, it seems that arch expansion is a displacement that can be 

realized with a high predictability using InvisalignÒ. However, the accuracy of the expansion 

decreases from anterior to posterior in the upper arch causing buccal tipping of the maxillary 

first molar rather than bodily movement. This must be taken into account by the clinician 

when planning the treatment with the Clincheck. 

 

In summary, if we consider the different types of tooth movements performed with 

InvisalignÒ, it appears that the most accurate ones are molar distalization and buccolingual 

tipping.  

Molar distalization with InvisalignÒ presents a mean predictability of 87% for a total 

displacement above 1.5 mm and a staging of 0.2 mm. This movement was realized without 

significant tipping or vertical tooth movement nor a modification of the anterior facial height 

in class II patients. (7, 43) However, in these studies, class II elastics were not used and there 

was no anterior teeth movement during the molar distalization to provide maximal 
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desmodontal anchorage. The influence of these factors on the predictability of molar 

distalization require further studies. (7)  

With regard to buccolingual tipping, this result is not surprising if we consider that 

the primary flexion of the material occurs in a bucco-lingual direction and the buccal and 

lingual tooth surfaces provide the greater surface areas allowing the aligners to push the 

teeth more efficiently. In addition, an improvement in the accuracy of InvisalignÒ has been 

noted since 2009 (40.5% in 2009 against 56% in 2020) and can be attributed to the use of 

Power ridges and the SmartTrack material, more flexible. (9,37) 

However, the aligners struggle in producing buccal tipping of the second molars. This result 

has been explained by a poor grip of the aligners around this short crown added to a 

reduced amount of forces applied in this area. 

On the contrary, the least accurate tooth movements reported are tooth rotation and 

vertical displacements. 

In fact, rotations of cylindric teeth (i.e. canine and premolars) are especially challenging for 

InvisalignÒ. The use of IPR and attachments, however, increases the accuracy of this 

movement with aligners. (9) As the rotations present a low degree of accuracy and control, 

they should be limited below 15° using a staging of 1.5° maximum per aligner. Furthermore, 

the fact that mesial rotation (52%) is significantly more predictable than distal rotation (37%) 

should be taken into consideration by the clinicians.  (7, 36, 37) An improvement of the 

accuracy of rotations in the last years (35.8% in 2009 - 45.5% in 2020) is however 

encouraging. 
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In the latest findings about vertical displacements, the use of attachments optimized 

for extrusion has improved the accuracy of lower incisors extrusion (37) which was 

previously described as the least accurate movement. (9) On the contrary, the G5 

enhancements did not improve the accuracy of mandibular incisor intrusion, remaining a 

challenging movement for aligners. Kravitz and al reported that a true intrusion of 0.72 mm 

per arch could be achieved with this technique. (9, 35, 36, 37) 

In order to obtain satisfying results for vertical tooth movements with InvisalignÒ the 

authors recommend either the planning of vertical overcorrection during the clin check, the 

use of additional supportive measures such as attachments or elastics or refinement at the 

end of the treatment. (38) 

 

In the production of torque movements, the clear aligners are able to realize a torque 

movement below 10° (mean accuracy of 42%), especially accurate on maxillary central 

incisors with either attachments or power ridges. However, this movement have been 

described to be realized mainly through incisor tipping. (35, 39, 40) 

In addition, the discrepancy (over 2°) of torque produced on the maxillary second molar, 

compared with predictions, is clinically significant. (35) 

Arch expansion with InvisalignÒ presents a predictability decreasing from anterior 

(79.75%) to posterior (24.41%). These results could be explained by the differences of 

cortical bone thickness and root anatomy, the higher occlusal load as well as a higher 

resistance from the cheeks in the posterior region. (10, 45)  
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Moreover, the molars have shown an accuracy of bodily movement of 36.35% indicating 

that more tipping movement (2.07°) is produced by aligners to obtain arch expansion. In 

order to limit this undesired tipping and improve the accuracy of bodily movement, the 

authors recommend clinicians to preset an appropriate negative crown torque during 

Clincheck. To do so, clinicians should pay attention to the initial position of molars, especially 

their buccal inclination to prevent negative effects on the occlusion. (10, 45)  

These studies also reported a negative correlation between the efficiency of bodily 

expansion and the total amount of expansion or the initial torque of the tooth. 

On a clinical level, these findings suggest that, in order to avoid gingival recessions, arch 

expansion with aligners should be limited to 2-3 mm per quadrant with a reduced staging in 

cases requiring large expansions. (45) 
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III. Treatment with InvisalignÒ: other aspects 

A- Malocclusions treated with InvisalignÒ 

Crowding 

Krieger and al (38) conducted a retrospective study on 50 patients with frontal crowding 

treated with InvisalignÒ. They classified the cases using the Little’s index of irregularity: the 

deviations from ideal position of the mesiodistal contact points from canine to canine in 

both arches (13 to 23 and 33 to 43) are measured in mm and summed. The result of this 

calculation categorizes the case into one of the following categories: perfect alignment (0 

mm), minimal (1-3 mm), moderate (4-6 mm), severe (7-9 mm) or very severe (³ 10 mm) 

irregularity.  

At the initial stage, the patients presented in majority moderate irregularities in the maxilla 

(52%) and moderate to severe irregularities in the mandible (34 % in both categories). At the 

end of the treatment, all patients revealed a perfect alignment (16% in the maxilla; 54% in 

the mandible) or minimal irregularity (80% in the maxilla – 46% in the mandible) except 2 

patients (4%) that presented moderate irregularity in the maxilla. The mean irregularity 

measured after treatment is 1.57 mm (± 0.98) in the maxilla and 0.82 mm (± 0.50). 

In the maxilla, the treatment with aligners was most commonly (48%) associated with IPR 

whereas, in the mandible, treatment was associated with IPR and protrusion of the incisors 

(40%). In addition, they demonstrated an equivalence between the outcomes achieved and 

the ones predicted revealing no clinical or significant discrepancy. 
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On the other hand, their results have shown a significant difference in terms of overbite with 

an average discrepancy of  – 0.71 ± 0.87 mm which lead them to conclude that InvisalignÒ 

have difficulties in producing tooth movements in the vertical plane. (38) 

In another study, they reported a significant increase of the MGS score of tooth alignment 

with InvisalignÒ. (39) 

These results indicate that anterior crowding, even severe can be treated successfully using 

aligners. However, the changes in overbite are harder to achieve accurately. 

 

Deep bite and Open bite 

In their systematic review on the efficacy of clear aligners, Rossini and al (17) suggested that 

the InvisalignÒ system could only be used to treat mild deep bites based on the analysis of 

an article reporting the difficulty of the system to properly intrude teeth (9). In addition, 

they concluded that the aligners are not recommended for cases of open bites as the 

extrusion is a difficult movement to produce accurately. (9) 

More recently, authors suggested that clear aligners are more effective in bite closure 

compared to bite opening. (37) 

In 2017, Khosravi and al (46) conducted a retrospective study on the management of 

overbite with InvisalignÒ. Their study included 120 patients divided in three groups: normal 

overbite (68 cases), deep bite (40 cases) and open bite (12 cases).  
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In the group of patients with normal overbite, their result have shown that the aligners 

maintained the overbite with minimal changes to the anterior and posterior vertical 

dimensions. The median change in overbite for this group was – 0.3 mm with minor 

proclination of the maxillary and mandibular incisors. Furthermore, there was a 0.7 mm 

increase in anterior facial height. (46) 

In the group of patients with deep bite, the aligners achieved a reduction of the overbite 

with a median opening of 1.5 mm. This result was produced by intrusion of the maxillary 

incisors and protrusion of the mandibular ones. In addition, they observed an average 

extrusion of 0.5 mm in the first and second mandibular molars. (46) 

In the group of patients with open bite, there was median 1.5 mm increase of the overbite 

mainly achieved by extrusion of the maxillary and mandibular incisors without significant 

modification of the posterior vertical dimension. (46) 

In conclusion, their results indicate that InvisalignÒ was able to properly treat overbite, 

moderate cases of open bite and deep bite cases although the aligners did not completely 

resolve very severe cases. In addition, they pointed out that the cases considered in the 

study were not treated using the G5 technology which is aimed for deep bite treatment with 

InvisalignÒ. (46) 
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Space closure after extractions 

Several studies have stated that clear aligners are not able to accurately produce vertical 

displacement of anterior teeth (especially extrusion) nor control root movement as it 

produces more tipping of the tooth. Based on these results, they suggested that InvisalignÒ 

was not to recommend in cases requiring space closure after extraction. (9, 38, 42)  

However, Li and al (20) conducted a randomized control trial (RCT) on a total of 152 patients 

treated for class I malocclusions with premolar extractions. These patients were blindly and 

randomly divided into two groups of 76 patients treated with either InvisalignÒ or fixed 

orthodontics.  They used categories and scores from the Objective Grading System (OGS) of 

the American board of Orthodontics (ABO) as a unit of measurement. The InvisalignÒ group 

has shown a significant improvement of the total OGS score between pre-treatment (T1: 

54.97) and post-treatment (T2: 24.49). From the eight categories of the OGS, this group only 

had non-significant improvements in occlusal contacts and occlusal relations between T1 

and T2. The clear aligners were able to significantly improve the OGS scores in interproximal 

contacts, overjet, marginal ridges, buccolingual inclinations, root angulation and alignment 

in the cases studied. (20) 

From this RCT, the authors concluded that the InvisalignÒ system is able to successfully treat 

cases of class I malocclusions with extractions. The aligners can produce satisfying arch 

alignment by tooth de-rotation, arch leveling and appropriate root angulation. However, 

occlusal contacts are not significantly improved with this technique therefore, to obtain 

better results, they advocate the use of interarch elastics when ending the treatment. 
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Therefore, if we consider the malocclusions that can be successfully treated with 

InvisalignÒ, few studies bring insight and recommendations on the matter.  Most authors 

agree on the fact that clear aligners are effective in tooth alignment thus treating crowding, 

even in severe cases. (38,39)  

With regard to the correction of overbite, older studies suggested that InvisalignÒ was not 

fit to treat successfully these malocclusions. (17) However, more recent studies have proven 

otherwise. In fact, InvisalignÒ is able to correct moderate cases of open bite (median 

overbite increase of 1.5 mm) and moderate cases of overbite (median opening of 1.5 mm). 

For normal overbite cases, the aligners maintained the overbite while increasing the anterior 

facial height effectively (0.7 mm). (46) 

The InvisalignÒ system has also been proven capable to produce satisfying space closure 

after premolar extraction in class I malocclusions. (20) 

Some studies have been conducted with the aim to compare the treatment results 

obtained with InvisalignÒ and fixed orthodontics. (20, 42) The results show that, although 

clear aligners are able to successfully treat malocclusions, fixed appliances usually produce 

higher results in term of predictability and amount of tooth movements. The differences 

between both groups are however not always significant. Fixed orthodontics are mainly 

superior in terms of occlusal contacts and transversal movements. (20) Both InvisalignÒ and 

braces can displace teeth to a clinically acceptable position (47) 
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B- Stability of treatment outcomes 

In the literature reviewed, there is only one retrospective study that evaluated the stability 

of post-treatment outcomes with InvisalignÒ. It was conducted by Kuncio and al on 11 

patients treated with InvisalignÒ compared with 11 patients treated with fixed orthodontics.  

Their objective was to evaluate and compare the stability of orthodontic treatment results 

after 3 years, including 1 year of retention in total (6 months of full-time retention followed 

by 6 months of nightly retention only) using OGS scores. (47) 

The InvisalignÒ group only showed a significant decrease in the categories: maxillary 

anterior alignment, mandibular anterior alignment as well as total alignment between the 

end of the treatment (T1) and 3 years post-treatment (T2). On the other hand, although 

statistically non-significant, there was an improvement in the categories: occlusal contacts, 

interproximal contacts, overjet, occlusal relations and marginal ridges. Furthermore, they 

reported a non-significant worsening of the total OGS score in this group from  – 39.45 at T1 

to  – 40.18 at T2. (47) 

The results of this study suggest that treatment with clear aligners might lead to relapse, 

especially in the alignment of anterior teeth.  

More recently, a randomized clinical trial was conducted on 44 subjects presenting class I 

malocclusions from which 22 treated with InvisalignÒ. They evaluated the changes in 

occlusion during and after 6 months of retention. They concluded that patients’ posterior 

occlusion worsened with treatment and that the main occlusal improvement was obtained 

during the first month of retention although it remained lower than pre-treatment values 
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after 6 months of retention. In addition, no significant change was detected in marginal 

ridges and buccolingual inclination during the retention period. (48) 

 

In summary, on the matter of the matter of stability of post-treatment outcomes, 

only one study was identified (47) indicating that after 3 years of retention, there were more 

relapses in patients treated with InvisalignÒ compared to fixed orthodontics. They explained 

that this difference was probably due to the characteristics of the new bone formed with 

either technique. (47) In fact, in order to stabilize a tooth movement, the tooth needs a rest 

period to recover from the exerted forces. (20) With clear aligners, new forces are applied 

every two weeks compared to an activation every 4-6 weeks for braces. This rate of biweekly 

changes, most commonly used amongst clinicians, might produce damage to bone and teeth 

by reducing time for repair process following undermining resorption which happens even 

under ideal forces. For these reasons, the authors postulated that the activation of 

orthodontic appliances should be spaced of no less that 3 weeks and that the 2 weeks 

interval used in InvisalignÒ treatment is too short which leads to poor bone formation and 

more relapses. 

More recently, the Align company recently indicated that a weekly change of aligners could 

be made. However, for the same reasons, authors do not recommend a wide use of this 

weekly change but mainly as an individualized technique based on specific case’s 

characteristics. (20) 

 



Invisalign® system: Predictability of treatment results – 2020/21 Universidad Europea de Madrid 
 

 
 

50 

Throughout this work, it should be noted that the comparison of the results obtained in the 

studies considered present some limitations. In fact, there is a large heterogeneity in the 

protocols, the presence of control groups and the sample size is often small. Few studies 

presenting a high level of evidence were identified therefore, these studies mostly present 

insight on the movements produced by InvisalignÒ and the system’s limitations. All studies 

however evaluated adult patients who did not undergo any refinement or finishing phase. 

According to authors, there are many variables that can influence dental movements: sex, 

age, tooth length, quality of the bone, systemic factors and the location of the center of 

resistance (24,25). The compliance is also an important factor that affects treatment success 

in this case. However, in most studies, these variables are not taken into consideration 

except for age and sex. 

Moreover, very few of the studies evaluated the treatment outcomes of the clear aligners 

using the latest improvements developed by Align Technology company. Further 

investigation, including rigorous RCT with appropriate methodology and sample size are 

necessary to confirm the results presented in this work and evaluate the usefulness of the 

latest improvements of the technique. This future knowledge will help define clear 

treatment protocols with InvisalignÒ. 
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CONCLUSION 

1. There are different protocols regarding the malocclusions that can be treated with 

InvisalignÒ System, although according to the literature it is an effective technique 

with successful results for the treatment of all types of malocclusions. However, 

clinicians must have their own judgement and experience in order to make a decision. 

 

2. InvisalignÒ aligners can produce all types of tooth movements with a variable 

predictability. The most predictable movement are molar distalization (> 1.5 mm) and 

buccolingual tipping (56% average accuracy). The least predictable ones are vertical 

movements and rotation of teeth with cylindric roots. 

 

3.  InvisalignÒ is able to successfully treat a wide range of purely dental malocclusions 

with an efficacy close to the one of fixed orthodontics.  

 

4. The outcomes of treatment with InvisalignÒ present more relapses over time 

compared with fixed orthodontics. 

 

RESPONSIBILITY 

This work was aimed to review the different outcomes and efficiency of the InvisalignÒ 

system in the production of tooth movements. Doing so, it includes itself in an economic and 

social sustainability. In fact, on a social level, this system improves patient’s quality of life by 

providing them an aesthetic and removable alternative to conventional orthodontics. On an 
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economic level, this work evaluates the efficiency of this technique, related to eventual 

future higher costs of treatment for the patient in case of needed corrections.  
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ANNEXES 
Annex 1: Table presenting an overview of SmartForce attachments (12) 
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