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Predictability of deep overbite correction using Invisalign® 

Abstract 
 
OBJECTIVES: To investigate the predictability of deep bite correction with Invisalign® (Align 

Technology, Santa Clara, CA, USA). 

 

MATERIALS AND METHODS: This retrospective study included 60 adult patients who had 

undergone dual-arch orthodontic treatment exclusively with Invisalign®. Pre- and post-treatment 

digital models acquired from an iTero® scan were obtained from a single orthodontic practitioner. 

The ClinCheck® digital models of the final predicted outcome were obtained from Align 

Technology®. Linear values of pre-treatment, prediction and post-treatment overbite were 

measured using OrthoAnalyzer® (3Shape®, Copenhagen, Denmark) software. Overbite changes 

planned by ClinCheck® and overbite corrections obtained clinically were compared using a paired 

t-test (P < 0.05). A Spearman correlation coefficient was used to determine if larger overbite 

corrections predicted were correlated with poorer prediction accuracies. One-way analysis of 

variance (ANOVA) (P < 0.05) were used to determine if the severity of pre-treatment overbite, 

the number of active aligners, the number and type of bite opening mechanisms programmed in 

the ClinCheck®, and the number and type of mandibular premolars attachments significantly 

affected the prediction accuracy. 

 

RESULTS: A statistically significant difference was found between the ClinCheck® prediction 

and the clinical final result regardless of the pre-treatment deep bite severity (P < 0.05). Requesting 

more overbite correction in the ClinCheck® did not significantly affect the accuracy (ρ = 0.049). 

Variance ratio tests were not significant (P > 0.05), except for cases programmed with mandibular 

incisor proclination in ClinCheck® (P < 0.05). 

 

CONCLUSION: The mean prediction accuracy of deep overbite correction using Invisalign® 

was 37.67%. Lower incisor proclination seems to improve the prediction accuracy. Since the 

ClinCheck software significantly overestimates vertical changes, overcorrection of the finished 

occlusion is indicated.  
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CHAPTER 1 
 

Introduction 
 
1.1 Preamble 
 
With the introduction of clear aligner therapy, orthodontic treatment has gained significant 

popularity amongst adult patients (Melsen 2011). Over the past few years, we have witnessed a 

distinct shift toward an appliance that is more esthetic, more comfortable and more hygienic (Tai, 

2018). The Invisalign® appliance (Align Technology Inc, Santa Clara, Calif) has been an esthetic 

alternative to fixed multibracket appliances in treating minor to complex malocclusions for almost 

two decades (Boyd, 2007). To date, the Invisalign® system is accessible in 103 countries and has 

been used to treat 5.8 million patients worldwide, including 1.3 million teens (Align Technology, 

Q2 financial report 2018). Align Technology® also stated that there are now more than 136,000 

Invisalign® trained doctors across the globe (Align Technology, Align Investor Day 2018 Joe 

Hogan 2018).  

 

Although the Invisalign® system was released to the market in the late 1990s by Align 

Technology®, the concept of using a series of clear, vacuum-formed tooth-positioning appliance 

to move teeth in increments was first suggested by Dr. H. D. Kesling in 1945 (Kesling 1946). 

Teeth were manually repositioned in wax and a clear retainer was fabricated for each stage of 

treatment until achieving desired alignment. Although it was capable of minor tooth movement, 

this technique was undoubtedly time-consuming (Phan & Ling, 2007). Sheridan and colleagues 

later proposed the use of Essix retainers with interproximal reduction to achieve progressive 

alignment (Sheridan, LeDoux & McMinn, 1993). It was only in 1997 that two MBA students of 

Stanford University came up with the idea of combining CAD-CAM (computer-aided design and 

computer-aided manufacturing) technology with orthodontics, in order to create what would soon 

become the world’s first mass-produced, custom-made clear aligner system (Tai 2018). 

 

The Invisalign® system is a series of customized removable clear plastic aligners that move the 

teeth incrementally according to computer algorithms developed in a virtual three-dimensional 

software program. Their trays are made of polyurethane. In January 2013, Align Technology® 
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introduced the SmartTrack® material, a plastic made of multiple layers of thermoplastic 

polyurethane sheets (Align Technology, Santa Clara, Calif). Each layer has different properties; 

the inner layers are softer and more formable, allowing a more precise fit of the plastic on the 

attachments and teeth (Align Technology, 2018). Align Technology states that the SmartTrack® 

material exhibits higher flexibility, elasticity and delivers more constant force compared to their 

previous single-layer material (Exceed-30). As a result, these properties make the tooth movement 

75% more predictable (https://www.invisalign.com/the-invisalign-difference/smarttrack-aligner-

material_).  

 

Each aligner can generate 0.25 to 0.33mm of tooth movement (Malik et al. 2013). The patient’s 

compliance is a key factor for treatment success since the appliance has to be worn for a minimum 

of 22 hours a day to be effective (Malik et al. 2013). Since 2016, the company has recommended 

to wear each aligner for a 1-week period before progressing to the next one, which would speed 

up treatment time by 50% (Align Technology, Santa Clara, CA, USA).  

 

The stereolithographic technology is used to manufacture the aligners (Krieger et al. 2011, Proffit 

2013, Tai 2018). A three-dimensional intraoral digital scan of the dental arches and surrounding 

gingival contours is taken and converted into a stereolithographic (.stl) file. A bite registration is 

also obtained digitally. A virtual 3D treatment simulation is then generated into the ClinCheck® 

software and the anticipated correction of the malocclusion is segmented in multiples stages 

(Proffit, 2013). The software program arranges the stages in a specific sequence and a simulation 

of the tooth movements using various treatment mechanics is built into the final occlusion. Any 

interaction between the orthodontist and Invisalign® takes place via ClinCheck®; the treatment 

plan is reviewed and modified by the practitioner, and finally approved. A stereolithographic 

model is fabricated for each stage of treatment using CAD/CAM laboratory techniques (Phan & 

Ling 2007, Tai 2018). A sequence of clear plastic aligners is shaped over the models and directly 

shipped to the doctor (Proffit, 2013). The final ClinCheck® stage shows a virtual image of the 

predicted treatment result. The actual clinical treatment outcome should be consistent with the 

final stage of ClinCheck® (Krieger et al. 2011). 
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At the time when the appliance was still relatively new, most clinicians were using it to treat mild 

crowding resolved by interproximal reduction (Tai, 2018). Since then, its usage has expanded 

significantly and several improvements in terms of material, attachments and design have been 

brought to the system (Khosravi 2017, Tai 2018). Several studies reported that Invisalign® 

presented important limitations in treatment of complex malocclusions (Phan & Ling 2007, Joffe 

2003, Bollen et al. 2003, Vlaskalic & Boyd 2001), whereas more recent studies suggested that it 

was suitable for the treatment of moderate to complex malocclusions (Khosravi et al. 2017, 

Castroflorio et al. 2013, Guarneri et al. 2013, Boyd 2007). When complex malocclusions are 

treated solely with Invisalign®, refinements or midcourse corrections are often required (Proffit, 

2013).  

 

Deep overbite is one of the most common malocclusions encountered in the general population. 

Overall, it is estimated that deep bite represents about 95.2% of vertical occlusal problems (Proffit 

2013). Deep bite is also probably the most challenging malocclusion to treat and maintain (Nanda, 

2015).  If left untreated, an excessive overbite has the potential to cause harmful effects on the 

dentition, the surrounding periodontium and the TMJ (Van’t Spijker et al. 2015, Riolo et al. 1987). 

Function such as mastication, chewing and speaking, as well as the smile and facial profile 

esthetics may also be deleteriously affected (Amarnath et al. 2010, Cobourne 2016, Tai 2018). It 

is well known that fixed multibracket appliances have a natural tendency to open the bite (Nanda 

2015 and Tai 2018). Conversely, several practitioners anecdotally noticed that clear aligners tend 

to induce deepening of the bite (Khosravi et al. 2017). It was suggested that the layer of plastic 

covering the posterior teeth could act as a posterior bite-block, resulting in a reduction of the 

posterior vertical dimension and increase in overbite (Kuster and Ingervall 1992, Boyd et al. 2000); 

however, Khosravi and colleagues (2017) didn’t support this idea. Their cephalometric 

retrospective study reported that the Invisalign® appliance was successful at improving deep 

overbite (Khosravi et al. 2017). Boyd and Vlaskalic (2001) also reported that deep overbite 

correction is highly predictable with Invisalign®. Since the demand for esthetic orthodontic 

treatment is increasing in adults and that correcting deep overbite is an almost routine part of 

orthodontic treatment in this population, it is in the clinician’s best interest to better understand the 

predictability of its correction with clear aligners. A poor prediction accuracy can adversely require 
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midcourse corrections and more refinements, leading to longer treatment time than expected 

(Houle et al. 2016). 

 
As Invisalign® continues to grow and gain popularity, questions regarding its prediction accuracy 

still remain (Kravitz et al. 2008, Kravitz et al. 2009, Krieger et al. 2012). There is limited data to 

assess the degree of discrepancy between the predicted and the clinical overbite obtained using 

Invisalign®. Kravitz and colleagues (2009) found a mean accuracy of 41% for tooth movement in 

the anterior region with Invisalign®. Parameters such as expansion, constriction, intrusion, 

extrusion, mesiodistal tip, labiolingual tip and rotated were evaluated. The authors also concluded 

that intrusion movements (41.3%) were more accurate than extrusion movements in the anterior 

region (29.6%) (Kravitz et al. 2009). Nguyen & Chen (2006) and Clements et al. (2003) were also 

unable to achieve a 100% accurate intrusion either; nonetheless, their prediction accuracy for 

vertical tooth movements was higher (between 79% and 84%). Retrospective studies conducted 

by Krieger and colleagues (2011 & 2012) concluded that tooth corrections in the vertical plane 

were the most difficult to achieve with Invisalign®. Overbite was the least accurate parameter and 

showed the highest deviations between the planned and the actual treatment outcome, with a 

prediction accuracy of 14.3% (Krieger et al. 2011). In their extended study using a larger study 

cohort, the mean difference between the overbite achieved and the predicted overbite was 0.71mm 

(Krieger et al. 2012). The authors warned that refinements should be expected toward the end of 

treatment when treating patients requiring major vertical tooth movements. They also 

recommended the use of supportive measures (horizontally bevelled attachments or elastics) to 

achieve optimal result.  

 

Align Technology reported in 2011 that midcourse corrections or refinements might be needed in 

20 to 30% of patients treated with Invisalign®. However, many orthodontists have reported that 

70% to 80% of their patients require midcourse correction or refinements to achieve the pre-

treatment goals (Boyd 2005, Sheridan 2004). Malik and colleagues (2013) also reported that most 

cases need refinements for optimal finish. The company also states that their SmartTrack® 

material is able to move teeth more precisely than their previous material (Align Technology 

2018). Despite this, in a recent study by Gu et al. (2017) evaluating the effectiveness and efficacy 

of Invisalign compared to fixed appliances, 37.5% of their subjects needed refinements.  
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As of September 2018, no studies have focused on the predictability of deep overbite correction 

using Invisalign®. The present study analyzes the extent to which the final overbite predicted by 

ClinCheck® corresponds to the actual clinical overbite achieved at the end of treatment in deep 

bite subjects. The influence of pre-treatment deep bite severity, number of active aligners, presence 

of mandibular premolars attachments and bite opening mechanisms programmed in ClinCheck® 

will be examined.  Evaluation of the accuracy of tooth movement is of particular importance 

because it will influence the final treatment result and overall treatment time. If tracking does not 

occur as planned, the aligners will not fit properly and therefore treatment time will be longer than 

what it was anticipated. A better understanding of the prediction accuracy of deep overbite 

correction could help the orthodontist to better plan the need and extent of overcorrection and 

auxiliary treatments, thereby reducing the number of midcourse corrections and refinements. 
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CHAPTER 2 

Literature Review 

 

A complex topic such as deep bite correction with the Invisalign® appliance requires a thorough 

review of quite a few important concepts. Initially, literature related to vertical growth of the jaws, 

vertical dental changes overtime, deep overbite definition and correction will first be covered in 

this section. Furthermore, this literature review will explore the reasons explaining the growing 

consumer demand for Invisalign® treatment. The clinical and technological process behind the 

Invisalign® treatment, from the stage of digital impression to the 3D model storage, will be 

discussed. Former methodologies of assessing overbite changes will be described. Previous and 

recent studies investigating the limitations and prediction accuracy of the Invisalign® system will 

also be reviewed. Although the orthodontic literature related to these topics is extensive and 

heterogenic, this paper will put emphasis on deep overbite correction using the Invisalign® 

appliance.    

 

2.1 Normal vertical growth of jaws and growth patterns 
 

2.1.1 Mechanism of vertical growth 

Vertical elongation of the maxilla and mandible results from a combination of three distinct growth 

processes: primary displacement, secondary displacement and remodelling of bone surfaces and 

alveolar processes (Proffit 2013, Cobourne 2016).  

 

Upper face (Nasomaxillary complex) 

Primary displacement occurs through apposition of bone at the sutures connecting the maxilla to 

the cranium at the zygomatic and frontal articulations (Proffit 2013), leading to lowering of the 

maxilla as a whole (Björk and Skieller 1977). Secondary displacement of the maxilla occurs in 

response to the growth of the cranial base until the age of 7 (Proffit 2013). After the age of 7, 

sutural growth is the only mechanism contributing to the downward displacement of the maxilla.  

In terms of surface remodelling, bone is being removed from most of the anterior surface of the 

maxilla as it grows downward and forward (drift). As the maxilla moves downward, the nasal 
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cavity space increases by nasal floor resorption concomitant to intra-oral bone deposition on the 

palate (Proffit 2013). The orbital floor also undergoes resorption (Cobourne 2016). The height of 

the nasomaxillary complex related to facial height is constant (44%) without any kind of rotation 

from 5 to 31 years in individuals with normal occlusion (Thilander et al. 2005). The maxillary 

height also increases through bone deposition at the alveolar processes. The alveolar processes 

may continue to grow in height beyond the age of 16 (Moorrees 1959). Their growth is particularly 

rapid during tooth eruption, exceeding the lowering of the palate (Thilander 2008).  

 

Lower face (Mandible) 

Like the nasomaxillary complex, the mandible grows in a forward and downward direction by 

displacement (primary and secondary) and remodelling. Moreover, implant and cephalometric 

studies indicate the presence of rotational changes in the mandible (Björk and Skieller 1977). 

Rotation can be either in an anterior (upward) or posterior (backward) direction, and is 

accompanied by remodelling along the inferior border of the mandible (Björk and Skieller 1977). 

Forward rotation is characteristic of a reduced lower facial height, whereas backward rotation is 

associated with an increased lower facial height (Proffit 2013). These rotations represent an 

imbalance in growth between anterior and posterior facial heights (Cobourne 2016). The presence 

and direction of mandibular rotation can be predicted using the seven structural signs developed 

by Björk (1969).  

 

The mandible does not enlarge symmetrically; instead, the condyle and ramus elongate in a 

posterior and superior direction, and the mandibular body lengthens antero-posteriorly (Proffit 

2013). These dimensional changes accelerate significantly during the growth spurt (Cobourne 

2016). The cartilaginous growth at the condyle also contributes to mandibular growth. According 

to Enlow and Petrovic (1990), displacement is the primary phenomenon contributing to growth, 

whereas condylar growth is secondary and more adaptive in nature (Cobourne 2016).  

 

2.1.2 Vertical growth in adults 

Throughout normal growth, the increase in size of the jaws and dental arches occurs on a specific 

chronology for the three planes of space (Proffit 2013). The transverse usually stops to grow before 

the adolescent growth spurt. Then the antero-posterior facial growth continues through the period 
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of puberty until late adolescence, usually the mid-teen years and until the late teens in some males. 

The last dimension to stop to growth is the height. Vertical growth has been detected into the third 

decade of life in both males and females. Longitudinal studies have demonstrated that a small 

amount of craniofacial growth continues during adulthood, especially in the vertical dimension 

(Behrents, 1985). It was also found that rotational changes of the jaws occur during adulthood and 

that they slightly differ between both sexes. In general, males tend to grow antero-posteriorly with 

a greater tendency towards counter-clockwise rotation of the mandible, resulting in a slight 

decrease of the mandibular plane angle. Conversely, in females, facial growth tends to follow a 

vertical pattern with a clockwise rotation of the mandible and a concomitant increase in the 

mandibular plane angle. Mandibular rotation during adulthood is also associated with a 

concomitant eruption of teeth.  A slight increase in facial height should then be expected 

throughout adulthood after the adolescence period with dental compensation, especially in long-

face and female patients.  

 

A recent study conducted by Barbosa et al (2017) showed that hypodivergence starts early and 

becomes more severe with age.  

 

2.1.3 Vertical dental changes over time 

Eruption of permanent teeth is a dynamic long-term process beginning from early childhood and 

continuing passively through adulthood. After the permanent teeth reach the occlusal level, their 

eruption continues at a slower rate and their extent of eruption equals the vertical growth of the 

ramus. Vertical growth increases the space between the maxilla and mandible, allowing the upper 

and lower teeth to erupt further (Proffit 2013). After the growth spurt and during adult life, teeth 

continue to erupt at an extremely slow rate. Despite tooth wear becoming more pronounced with 

age, the lower facial height usually remains constant or even increases slightly because of 

compensating additional tooth eruption. The face height would decrease only in case of extremely 

severe wear where the eruption may not compensate. 

 

In the primary dentition stage, the primary incisors are usually upright and associated with a 

positive overbite, varying between 10 and 40% (Cobourne 2016), unless a prolonged digit or 

dummy sucking-habit is present. According to Dermaut and Pauw (1997), at 5 to 6 years of age, 
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the percentage of overbite ranges between 36.5% and 39.2%. As the mandible grows forward and 

occlusal wear increases, a transient edge-to-edge incisor relationship might develop. During the 

period of mixed dentition and prior to the early permanent dentition establishment, a transient 

anterior open bite might be present as the permanent incisors are erupting to reach the occlusal 

plane. Although the overbite usually increases between the age of  9 to 12, it then decreases 

between 12 years and adulthood (Fleming 1961). Afterwards it remains relatively unchanged and 

varies between 37.9% to 40.7% unless there is a reduced vertical dimension caused by missing 

teeth or extensive wear (Nanda, 2015).  

 

A recent retrospective study conducted by Massaro and colleagues (2018) evaluating dental 

changes in subjects with normal occlusion over a 40-year period reported that overbite tends to 

slightly decrease with age. From 13 to 17 years of age, an overbite reduction of 0.79mm was 

observed. According to the authors, this could be attributed to mandibular growth, eruption of 

second and third molars and reduction in curve of Spee depth. From 17 to 60 years of age, a 

decrease of 0.69mm was noted, which could be related to wear of incisors occurring with aging 

and residual mandibular growth. 

 

The occlusion does not remain static throughout life and should be regarded as a dynamic process 

(Thilander 2007). Several longitudinal cephalometric studies have investigated changes in incisor 

position, inclination and overbite in growing subjects from childhood to adulthood. However, these 

studies have shown inconsistent results and numerous differences between genders. It has been 

reported that the upper incisors tend to procline with age (Bishara 1981, Watanabe 1999) especially 

in females (Bishara et al, 1989), whereas other studies have shown that they tend to progressively 

upright in both sexes (Forsberg 1989, Behrents 1985, Ceylan 2002), especially in males (Bishara 

et al, 1989). In terms of lower incisor axial inclination, previous studies found an increase in lower 

inclination with age (Bishara 1981, Forsberg 1989, Watanabe 1999). In contrast, Ceylan study 

(2002) reported that the lower incisors remained very stable from 10 to 14 years of age. The 

interincisal angle was found to decrease from childhood to adulthood (Bishara 1981, Behrents 

1985, Watanabe 1999), but to increase significantly between 10 to 14 years of age in both males 

and females (Ceylan et al. 2002) or tend to remain stable (Forsberg 1979). Two studies reported 

no significant changes in the overbite with age (Forsberg 1989, Behrents 1985). Conversely, 
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Ceylan study (2002) has refuted this statement and reported a significant increase in overbite in 

both boys and girls. Sinclair and Little (1983) found significant increases in overbite and overjet 

from 9 to 13 years of age, whereas significant decreases were reported between 13 to 20 years of 

age. Bishara et al (1994) studied dental changes between 25 and 46 years of age. During this period, 

significant dental changes were found in females, such as a decrease in the U1:SN angle, along 

with an increase in overbite and interincisal angle. In males, however, only the interincisal angle 

showed a significant increase. 

 

In Class II division 2 subjects, Barbosa and colleagues (2017) reported that most retroclination of 

the maxillary incisors occurs during the early mixed dentition stage while the permanent incisors 

are erupting because of the pressure of the lower lip. 

 

2.1.4 Development of the curve of Spee  

According to Andrews (1972), a flat to mild curve of Spee allows the best static maximal 

intercuspation. Flattening the occlusal plane should be part of the orthodontic treatment goals. The 

depth of the curve of Spee has a direct influence on the overbite (Cobourne 2016). The deeper the 

curve, the deeper the overbite will be. An increased curve of Spee is a common feature of 

brachycephalic subjects (Wylie 1944, Bjork 1953) and is often associated with short mandibular 

bodies (Salem et al. 2003). 

 

The development of the curve of Spee is multifactorial, resulting in a wide individual variation in 

its presentation (Feralla et al. 2002, Shannon and Nanda 2004, Salem et al. 2003, Baydas et al. 

2004). In the deciduous dentition, the curve of Spee is usually minimal or flat. Afterwards, with 

the eruption of the mandibular permanent first molars, incisors and second molars above the pre-

existing occlusal plane, the curve deepens significantly. Following that, in the adolescent dentition 

stage, the curve flattens slightly and remains fairly stable into early adulthood (Marshall et al. 

2008). These findings are in agreement with the previous litterature (Bishara et al. 1989, Ash 1993, 

Carter & McNamara, 1998) which was lately confirmed in a recent retrospective study conducted 

by Massaro and colleagues (2018). The authors reported a decrease of 0.49mm in the curve of 

Spee depth during the adolescence period. This could be related to the end of eruption of the 
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mandibular second molars after 13 years of age (Massaro et al. 2018). The curve of Spee was also 

found to be stable from adolescence to adulthood. 

 

2.1.5 Growth pattern: Hypodivergent vs. Hyperdivergent  

Growth pattern is greatly influenced by genetic predisposition and environmental factors such as 

habits, breathing and masticatory muscle strength (Proffit 2013, Nanda 2015). Also, each growth 

pattern has specific morphological characteristics. Hypodivergence has been associated with deep 

bite malocclusion (Nanda 2015). Typical features of hypodivergent pattern include excessive 

forward rotation of the mandible during growth, decreased incisor show, excessive lip 

compression, shorter lower facial height, deep mentolabial sulcus, deep bite tendency, heavy bite 

force and strong musculature (Proffit 2013, Cobourne 2016). It is well known that growth pattern 

is established early in life and is unlikely to change or improve over time (Barbosa et al. 2017). 

Most hypodivergent patterns (58%) persist through the growth spurt and 36% shift to 

normodivergence (Buschang et al. 2002).  On the other hand, hyperdivergent subjects typically 

present the following: overeruption of the posterior teeth causing a downward and backward 

rotation of the mandible, anterior open bite tendency, narrow palate, short posterior to anterior 

facial height ratio, increased lower facial height, steep mandibular plane angle, and weak bite force 

and musculature. Several investigations have found an association between high mandibular plane 

angle and backward rotation of the mandible and its influence on the anterior vertical facial 

proportions (Schendel et al. 1976, Opdebeeck and Bell 1978, DeCoster 1936, Siriwat and Jarabak 

1985). However, according to Baumrind et al (1984) and Skieller and Björk (1984), the mandibular 

plane angle cannot be considered a good facial growth predictor because subjects with high 

mandibular plane angles can present with either a backward or forward rotation of the mandible.  

 

2.2 Deep overbite 
The earliest definition of overbite was first developed by Strang (1950) and was described as “the 

overlapping of the upper anterior teeth over the lowers in the vertical plane”. A deep overbite is 

defined as an excessive vertical overlapping of the lower incisors by the upper incisors in centric 

occlusion (Proffit, 2013). Severe cases can be associated with an impinging contact with the 

opposing palatal mucosa. Deep bite associated with Class II Division 2 malocclusion, also referred 

as “cover bite”, is one of the most severe manifestations of the condition (Peck et al. 1998). 
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Another severe form of deep overbite is the “closed bite” caused by the loss of posterior teeth 

(Moyers 1998).  

 

The definition of normal overbite varies in the literature depending on the source. Overbite can be 

described in terms of millimeters or percentage. According to Nanda (2015), the overbite should 

be quantified in percentage given the fact that the crown length of the upper and lower incisors 

varies from one individual to another. A normal overbite usually ranges from 1 to 3 mm, with the 

incisal edges of the mandibular incisors contacting slightly at or above the cingulum of the 

maxillary incisors (Fattahi et al. 2014, ABO Discrepancy Index 2017). According to Nanda (2015), 

an ideal overbite should range between 2 and 4 mm vertically or between 5% and 25% of incisor 

coverage. In terms of percentage, other authors stated that a normal overbite should be 30% or one 

third of the clinical crown height of the mandibular incisors (Sreedhar C, Baratam S. 2009, 

Cobourne 2016). A vertical coverage of 30-40% is considered excessive (Moorrees et al. 1963, 

Nanda 2015).  

 

Deep bite is one of the most common malocclusions in both children and adults (Grieve 1928, 

Mershon 1937, Callaway 1940, Goldstein & Stanton 1936). The prevalence of deep bite in the 

general population has been reported to be from 11.8% (Jonsson et al. 2007) to 36.7% (Borzabadi 

et al. 2009). It was estimated that 15%-20% of the population in the United States had an overbite 

of or more than 5 mm (Brunelle et al. 1996). Another cross-sectional study conducted by Tausche 

(2004) focusing on children aged between 6 and 8 years reported that deep overbite affected 46.2% 

of them. Proffit (2013) stated that severe deep bite (overbite > 5 mm) is found in 20% of children 

and 13% of adults. Overall, it is estimated that deep bite represents about 95.2% of vertical occlusal 

problems (Proffit 2013).  
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Figure 2.1 Open bite/deep bite relationships in the U.S. population, 1989-1994  

(Proffit, 2013) 

 

Deep overbites can be dentoalveolar, skeletal or environmental in origin, or a combination of any 

of them (Richardson 1969, Wylie 1946, Bjork 1969, Nielsen 1991, Fatahi et al. 2014, Nanda 2015). 

Development of deep bite is associated with numerous causative factors (Parker et al. 1995).  Table 

2.1 summarizes those factors with the citing authors. 

 

Table 2.1 Factors causing deep bite malocclusion 

Related causative factors Authors 

Dental Upright or retroclined maxillary and/or 

mandibular incisors 

 

Popovich (1955) 

Steadman (1947) 

Fleming (1961) 

Ludwig (1967) 

Herness (1979) 

Sangcharearn and Christopher (2007) 

Fattahi et al. (2014) 

Incisor overeruption Strang (1950) 

Prakash & Margolis (1952)  

Popovich (1955)  

Ceylan and Eroz (2001) 
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El-Dawlatly et al (2012) 

Fattahi et al. (2014) 

Deep curve of Spee Ghafari and Street (1998) 

Baydas et al (2004) 

Marshall et al (2008) 

El-Dawlatly et al. (2012) 

Undereruption of the maxillary and 

posterior segments 

Faerovig and Zachrisson (1999) 

Excessive overjet Goldstein and Stanton (1936)  

M-D width of anterior teeth Steadman (1947) 

Neff (1949) 

Fleming (1961)  

Canine position Steadman (1947)  

Molar infraocclusion / undereruption Strang (1950)  

Prakash & Margolis (1952)  

Fleming (1961)  

Wylie (1946)  

Molar cusp height Fleming (1961) 

Bolton (1958)  

Premature loss of permanent teeth Moyers (1998) 

Skeletal Mandibular ramus height Fleming (1961) 

Decreased gonial angle Ceylan and Eroz (2001) 

Vertical facial type, shortened anterior 

lower face height 

Wylie (1946)  

Bjork (1953 and 1969) 

Nanda (1990)  

Beckmann et al (1998) 

Ghafari and Street (1998) 

Naumann et al (2000) 

Fattahi et al. (2014) 

Class II division 1 and 2 malocclusion Feldmann et al (1999) 
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Environ-

ment 

Lateral tongue thrust or abnormal tongue 

posture causing posterior infraocclusion 

Nanda (2015) 

Extensive posterior tooth wear 

Age-related natural opening of deep bite Nanda (1973)  

Bresonis and Grieve (1974)  

Ceylan and Baydas (2002) 

 

The highest contributing factors in deep bite development are listed below (Tai 2018): 

• Deep curve of Spee  

o The most important dental factor according to El-Dawlatly et al. 2012 

• Upright or retroclined maxillary and/or mandibular incisors 

• Hypererupted maxillary incisors 

• Brachyfacial skeletal pattern 

 

Skeletal and dental features of deep bite malocclusion have been widely investigated by numerous 

studies. Increased overbite is often associated with reduced vertical proportions (Beckmann et al. 

1998, Bjork 1953 and 1969, Wylie 1946, Nanda 1990, Naumann et al. 2000). Furthermore, skeletal 

characteristics include a hypodivergent growth pattern, a reduced lower anterior facial height, a 

flat mandibular plane angle, a more acute gonial angle (Ceylan and Eroz 2001), a decreased 

posterior maxillary dimension, a downward rotation of the palatal plane and a more anterior 

position of the ramus (Trouten et al. 1983).  When a skeletal dysplasia is present, the maxillary 

molars tend to be in infraocclusion (Janson et al. 1994). Beckmann et al. (1998) suggested that 

increased overbite is also related to larger anterior alveolar and basal areas. On the contrary, other 

investigators found no differences in the lower facial height, maxillary and mandibular anterior 

alveolar and basal height between deep bite and normal overbite subjects (Al-Zubaidi and Obaidi 

2006).  

 

Deep bite can be associated with any type of anteroposterior malocclusion (Class I, Class II or 

Class III); however, a skeletal deep bite typically presents a Class II division 2 dental malocclusion, 

reflecting an underlying Class II skeletal base anteroposterior relationship (Beckmann et al. 1998, 

Ghafari et al. 2013, Cobourne 2016). In contrast to open bites that are often caused by pathologic 
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and environmental factors (e.g. blocked airway, mouth breathing, anterior tongue posture, digit 

sucking habit), Class II division 2 malocclusions are mostly attributed to heredity and 

developmental factors (Hartsfield, 2011).  Dental deep bites typically present either overeruption 

of the incisors (Strang 1950, Prakash & Margolis 1952), undereruption of molars (Strang 1950, 

Flemming 1961, Prakash & Margolis 1952, Wylie 1946), or a combination of both. Other factors 

such as premature loss of permanent teeth, mesiodistal width of anterior teeth and age-related 

natural deepening of the bite also may have an influence (Nanda 2015). 

 

Environmental factors may also play a role in development of deep bite (Nanda 2015). A lateral 

tongue thrust or abnormal tongue posture might impede the eruption of posterior teeth. Extensive 

wear or abrasion of the occlusal surface of the posterior teeth can also result in excessive overbite 

(Nanda 2015).  

 

In both dental and skeletal deepbite malocclusions, the mandibular incisors are often upright, 

overerupted and associated with an increased curve of Spee (Baydas et al. 2004, Marshall et al. 

2008, El-Dawlatly et al. 2012). The steepness of the curve of Spee is caused by a lack of occlusal 

contact with the maxillary incisors, resulting in an overeruption of the mandibular incisors 

(Cobourne 2016). As a result of the incisor retroclination, the lips can lack support and appear 

retrusive relative to the nose and chin.  

 

El-Dawlatly and colleagues’ study (2012) showed that deep bite malocclusion has a multifactorial 

etiology and that the greatest contributing factors were a deep mandibular curve of Spee and a 

decreased gonial angle. A longitudinal study conducted by Naumann et al. (2000) investigating 

the vertical components of overbite change showed that the skeletal component was more effective 

than the dental component in changing the overbite. Furthermore, it was noted that the mandible 

has a greater influence on overbite changes in comparison to the maxilla. Bjork’s implant study 

(1969) also showed that the mandibular skeletal changes were twice as important as the mandibular 

dental changes and about 2.5 times as important as the maxillary changes in inducing overbite 

changes. Other investigations concluded that the difference between deep bite and normal overbite 

subjects was due to either maxillary dentoalveolar morphology (Trouten et al. 1983, Ellis & 

MacNamara 1884, Subtelny & Sakuda 1964, Prakash & Margolis 1952), mandibular dentoalveolar 
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morphology (Parker 1964), or a combination of both (Betzenberger et al. 1999 and Haskell 1979). 

A more recent study investigating the influence of skeletal and dentoalveolar features on deep bite 

malocclusion (Fattahi et al. 2014) revealed that the most significant findings associated with deep 

bite malocclusion were retroclination of upper and lower incisors, counterclockwise rotation of the 

mandible associated with a decreased lower facial height, increase in upper facial height to 

compensate for decreased lower anterior facial height, upper incisor extrusion indicating a 

maxillary reverse curve of Spee and lower first molar extrusion indicating a mandibular deep curve 

of Spee. 

 

2.3 Basics of overbite correction 
Correction of mild deep bite is usually not mandatory unless the patient requests correction for 

esthetics purposes. However, severe overbite represents a clinical problem that needs to be 

addressed orthodontically or surgically depending on the etiology (Fattahi et al. 2014). If left 

untreated, severe deep bite may cause temporomandibular joint dysfunction, tooth wearing, trauma 

of the incisive papilla with periodontal problems, increase in anterior crowding and maxillary 

dental flaring (Hug 1982, Bergersen 1988, Nielsen 1991, Zachrisson 1997). It may also negatively 

affect function such as mastication, chewing and speaking, as well as the smile and facial profile 

esthetics (Amarnath et al. 2010, Cobourne 2016, Tai 2018). In very extreme cases of deep 

impinging overbite, it can also lead to the loss of maxillary incisors (Ghafari et al. 2013).  

 

Treatment aiming to correct deep overbite should be based on the etiology of the malocclusion 

(Burstone 1977, Engel 1980). It is important to properly diagnose the cause of the deep bite in 

order to determine what mechanotherapy will be used in its correction. The choice of treatment 

usually depends on numerous factors, such as the amount of growth anticipated, the vertical 

dimension, the maxillary incisor position relative to the lip (maxillary incisor display at rest and 

on smiling), and the desired position of the occlusal plane (Nanda, 1981 and 2015). 

 

As a general statement, vertical malocclusions are more challenging to correct than the sagittal 

ones (Richardson, 1969). Correcting deep bite in growing patients is much easier and predictable 

than in adult patients (Nanda 2015). In growing individuals, any posterior extrusion will result in 
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vertical compensatory growth at the condyles, producing relative incisor intrusion (Proffit 2013, 

Cobourne 2016).  

 

Another important diagnostic consideration is the maxillary incisor position relative to the upper 

lip at rest and on smiling (Proffit 2013). With careful analysis of the surrounding facial soft tissues, 

a decision can be made whether the upper incisor position need to be maintained or changed. An 

incisor show of 2 to 4 mm at rest is considered average (Nanda 2015). On smiling, almost two-

thirds of upper incisor show is acceptable (Maulik & Nanda, 2007). Ideally, for the most pleasing 

smile, males should not have any gingival display, whereas females may have 1 to 2 mm of 

gingival show. In presence of adequate incisor show at rest and on smiling, deep overbite 

correction should be focused on either lower incisor intrusion or posterior extrusion (Proffit 2013, 

Nanda 2015). 

 

In addition, a non-extraction approach is usually favored in low-angle deep bite cases to avoid 

deepening the overbite and worsening facial esthetics (Ghafari et al. 2013). Vertical control can 

become very challenging if teeth are extracted because the incisors will tend to upright as the 

spaces are closing (Cobourne 2016). 

 

Retention of deep overbite correction is a critical part of orthodontic treatment. The key to stable 

overbite reduction is the establishment of an adequate inter-incisal angle, creating an occlusal stop 

and thus preventing the incisors from erupting past each other (Riedel 1960, Nanda & Burzin 

1993). If an occlusal stop is not established, deep overbite is highly likely to relapse (Cobourne 

2016). Relapse is common, especially if the deep bite etiology has not properly been identified 

before initiating treatment (Fattahi et al. 2014). Since extruding posterior teeth in adult patients 

with hypodivergent skeletal leads to muscular stretching and imbalance, deep bite correction is 

very likely to relapse in these patients (Nanda 2015).  

 

2.3.1 Mechanotherapy for overbite correction  

There are mainly three non-surgical orthodontic mechanics to reduce a deep overbite (Engel et, 

1980, Ghafari 2013): intrusion of the incisors, proclination of the incisors (relative intrusion), 

extrusion of posterior teeth, or a combination of any them (Aydoğdu et al. 2011) (Figure 2.2).  
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Figure 2.2 Intrusion of incisors and extrusion of posterior teeth for deep bite correction 

(Nanda, 2015) 

 

The skeletal pattern also needs to be taken into consideration when planning the specific 

biomechanics for deep bite correction (Ghafari et al. 2013). Moreover, patients with significant 

underlying vertical skeletal discrepancy may require orthognathic surgery for full correction 

(Hering et al. 1999). As summarized in Table 2.2, some adjunctive tooth movements can also assist 

in overbite reduction. 

 

Table 2.2 Treatment modalities for deep bite correction 

Treatment modalities  Authors 

Premolar extrusion Maxillary premolar extrusion Otto et al. (1980)  

Dake and Sinclair (1989) 

Ball and Hunt (1991)  

Schudy (1968) 

Mandibular premolar extrusion Mitchell and Stewart (1973) 

Otto et al. (1980)  

Greig (1983)  

Dake and Sinclair (1989) 

Schudy (1968) 
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Incisor intrusion Maxillary incisor intrusion Dellinger (1967) 

Burstone (1977) 

Ricketts (1979) 

Ng et al (2005) 

Mandibular incisor intrusion Mershon (1937) 

Dellinger (1967) 

TM Burstone (1977) 

Lefkowitz and Waugh (1945) 

Mitchell and Stewart (1973) 

Ricketts (1979) 

Otto et al. (1980) 

Greig (1983) 

Woods (1988) 

Dake and Sinclair (1989)  

Ball and Hunt (1991) 

Ng et al (2005) 

Incisor proclination Maxillary incisor proclination 

and 

Mandibular incisor proclination 

Engel et al. (1980) 

Ball and Hunt (1991) 

Harrison et al. (2007)  

Franchi et al. (2011) 

Adjunctive mechanics Buccal expansion, creating a 

plunging molar palatal cusp 

 

Maxillary posterior distalization   

Molar tip back   

 

In most cases, overbite reduction will be achieved using a combination of any of the above. The 

presence of a normal or vertical growth pattern can significantly help open the bite. 
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2.3.1.1 Premolar extrusion for overbite correction 

According to Schudy (1968), extrusion of premolars and molars is the treatment of choice for 

overbite reduction. Extrusion of buccal segments is indicated in brachyfacial patients presenting a 

deep curve of Spee and normal to minimal upper incisor display upon smiling (Ghafari et al. 2013, 

Tai 2018). However, their strong musculature function might resist any posterior extrusion 

(Ricketts 1979, Nanda 2015). Posterior extrusion is an effective way of reducing a deep overbite, 

particularly in growing patients, where these tooth movements will lead to vertical compensatory 

growth at the condyles and simultaneous relative incisor intrusion (Nanda 2015, Cobourne 2016). 

In adults, posterior extrusion causes a downward and backward rotation of the mandible because 

there is no compensatory growth potential at the condyle (Burstone 1977, Betzenberger et al. 

1999). This results in a steepening of the occlusal plane and an increase in the lower face height. 

For this reason, it is not desirable to extrude posterior teeth in non-growing individuals with a 

vertical skeletal pattern (Nanda, 2015). Moreover, in presence of underlying skeletal Class II 

relationship, posterior extrusion worsens the skeletal antero-posterior discrepancy and makes deep 

bite patients prone to relapse. In this case, maxillary and mandibular intrusion without posterior 

extrusion should be considered instead (Burstone 1977).  

 

With traditional fixed orthodontics, an anterior bite plane with posterior vertical elastics can be 

used to open up the bite and allow for posterior extrusion (Ghafari et al. 2013). A deep curve of 

Spee can be leveled with a continuous archwire to get buccal segment extrusion. As a side effect, 

some incisor intrusion and proclination are also produced. For more accentuated changes, a heavy 

rectangular stainless steel archwire with a reverse curve of Spee can also be used (Weiland et al. 

1996). To increase the vertical anchorage, it is critical to include the lower second molars which 

act as a lever arm to aid the necessary posterior extrusion for bite opening. Another strategy 

employed to extrude posterior teeth is to alter bracket heights. Interarch elastics, such as Class II 

and Class III elastics, can also assist in reducing the overbite by extruding the molars.  

 

2.3.1.2 Incisor intrusion for overbite correction 

According to El-Dawlatly et al. (2012), the highest contributing factor for deep bite in the general 

population is a deep curve of Spee. For this reason, incisor intrusion is a critical modality in 

deepbite correction (Ricketts, 1979), especially in adults with vertical maxillary excess, a large 



 30 

interlabial gap at rest and a long face pattern (Nanda 2015). Intrusion of mandibular incisors is 

indicated in patients with excessive distance between the incisal edge and stomion (lower incisors 

overeruption), large interlabial gap at rest and deep curve of Spee (Ghafari et al. 2013). The need 

for intruding maxillary incisors is determined by the upper lip line at rest and on smiling (Ghafari 

et al. 2013).  

 

Absolute intrusion of the incisors is mechanically difficult to achieve (Cobourne, 2016). Intrusive 

forces need to be applied close to the center of resistance to achieve true intrusion without 

proclination (Melsen et al. 1989, Polat-Özsoy et al. 2011). The cumulative literature suggests that 

intrusion of teeth is more difficult to accomplish than extrusion (Ghafari et al. 2013).  To obtain 

true incisor intrusion, segmental techniques such as Ricketts’ utility arch and Burstone intrusive 

arch can be used (Bench et al. 1978, Burstone 1977, Ricketts et al. 1979, Cozza et al. 2005). An 

anchorage unit is established in the buccal segments and the incisors are intruded with a bypass 

arch. To produce the intrusive forces, segmental mechanics include tip backs bends on the molars 

(Shroff et al. 1997). Around 1-2mm of true incisor intrusion can be achieved (Ng et al, 2005). 

Temporary anchorage devices can also be used to intrude the incisors (Kanomi 1997, Lee et al. 

2007, Aydoğdu et al. 2011, Proffit 2013).  Intrusion appears to be more successful with the use of 

mini-implants with no side effects on the molars (Polat-Özsoy et al. 2011, Ohnishi et al. 2005). 

The forces for intrusion need to be kept light to decrease the risk of root resorption (McFadden et 

al. 1989, Upadhyay et al. 2008). 

 

 
Figure 2.3 (a) Intrusion with mini-implants. (b) Intrusion with mandibular utility arch 

(Aydoğdu et al. 2011) 
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2.3.1.3 Incisor proclination for overbite reduction 

A deep overbite can also be reduced by incisor proclination (Engel et al, 1980, Ball and Hunt 1991, 

Harrison et al. 2007, Franchi et al. 2011,), which occurs as a side effect of treatment as the 

crowding is unraveled. Incisors undergo relative intrusion as they are being proclined for 

alignment. Incisor proclination is especially useful in Class II division 2 malocclusion cases for 

which labial inclination of maxillary and mandibular incisors is necessary in obtaining an 

acceptable inter-incisal angle (Nanda 2015).  

 

2.3.2 Overbite correction with the InvisalignÒ system 

The same basic orthodontic principles apply to clear aligner technique when managing deepbites. 

Similar to traditional fixed edgewise appliances, deep overbites can be corrected by incisor 

proclination, incisor intrusion, posterior extrusion or a combination of them. The difference resides 

in their mechanisms of action to move teeth (Tai, 2018). To date, the available literature on the 

management of deep overbite with the Invisalign appliance consists mostly of case reports and 

series (Khosravi et al. 2017). Joffe (2003) suggested that deep bites can be corrected with the 

Invisalign technique, while Kamatovic’s study (2004) reported contrary evidence. A recent 

retrospective study investigating the effectiveness in overbite correction with clear aligner therapy 

showed that the InvisalignÒ appliance was capable of reducing overbite in patients with 

pretreatment deepbite (Khosravi et al. 2017). However, their study was conducted before the 

introduction of the InvisalignÒ G5 deep bite technology. Their cephalometric analyses indicated 

that deepbite was mainly reduced by proclination of mandibular incisors, intrusion of maxillary 

incisors and extrusion of mandibular molars. Their conclusions disagreed with a recent systematic 

review suggesting that InvisalignÒ can only be used to treat mild deepbites (Rossini et al. 2015).  

 

Since the introduction of the InvisalignÒ system in the early 2000s, it has been anecdotally 

reported by multiple practitioners that the appliance tends to deepen the overbite as a result of the 

posterior plastic coverage intruding the posterior teeth (Boyd et al. 2000, Kruster and Ingervall, 

1992). To assure a better vertical control in deepbite malocclusions, various strategies have been 

developed (Khosravi et al. 2017). In February 2014, Align TechnologyÒ launched their G5 Deep 

Bite protocol with the aim of improving the predictability of deep overbite correction (Align 
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Technology, 2013). The innovations include pressure areas, optimized deep bite attachments and 

precision bite ramps.  

 

I. Pressure areas 

Intrusive forces exerted from aligners are not always directed along the long axis 

of the teeth, resulting in incomplete reduction of the overbite. Pressure areas are 

concavities incorporated into the aligner material on the lingual surface of the 

anterior teeth aiming to redirect intrusive force through the long axis of the tooth, 

thus creating pure intrusion movement (Figure 2.4). This feature is available for 

incisors and mandibular canines (Tai 2018). They are automatically placed when 

0.5mm intrusion is planned (https://learn.invisalign.com/smartforce/features)  

 

Figure 2.4 Pressure areas for intrusion in the G5 Deep Bite protocol 

(Align Technology, Inc. 2018) 

 

II. Optimized deep bite attachments 

Optimized deep bite attachments are 1-mm thick (buccal-lingual dimension) 

horizontal beveled attachments placed on mandibular premolars (Figure 2.5). They 

are automatically placed when anterior intrusion and/or 0.5mm premolar extrusion 

is planned (https://learn.invisalign.com/smartforce/features). They are 

programmed to be active or passive. Passive deep bite attachments provide 

anchorage for lower incisor intrusion and are usually placed on first or second lower 

premolars, or both. Vertical anchorage prevents the aligner from lifting posteriorly 

as the anterior teeth are being intruded. Active deep bite attachments have a 
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gingival active surface to deliver extrusive forces to the mandibular premolars and 

level the curve of Spee (Tai 2018).  

 

 
Figure 2.5 Optimized deep bite attachments in the G5 Deep Bite protocol 

(Align Technology, Inc. 2018) 

 

If a premolar is rotated more than 5 degrees, the current ClinCheck protocol will 

automatically place an optimized rotation attachment instead of an optimized deep 

bite attachment. Various designs of attachment can be used for anchorage purposes. 

They are listed below in order of preference (Tai 2018): 

a. Optimized deepbite attachment 

b. Horizontal rectangular attachment beveled on the gingival 

c. Optimized rotation attachment 

d. Vertical rectangular attachment 

 

III. Precision bite ramps  

Precision bite ramps can be placed on the palatal surfaces of either the maxillary incisors 

or the maxillary canines to disocclude the posterior teeth and aid in deep bite correction. 

They may function similar to bite turbos, but their exact mechanism of action remains 

unclear (Khosravi et al. 2017). They cannot be used simultaneously with the pressure areas 

since they occupy the same palatal surface of the maxillary incisors. An alternative is to 

program pressure areas on the central and lateral incisors and bite ramps on the maxillary 

canines (Tai 2018)  
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Figure 2.6 Precision bite ramps 

(Align Technology, Inc. 2018) 

 

Power ridges are another feature helping in overbite correction. They are placed on the labial 

surface of the incisors and deliver lingual root torque to produce proclination. They are particularly 

useful in proclining retroclined maxillary incisors in Class II division 2 cases (Malik et al. 2013).  

 

When setting up a treatment plan in the ClinCheck® software, staging is of particular importance 

in obtaining acceptable clinical predictability (Tai, 2018). It is challenging mechanically to 

accomplish different tooth movements in several planes of space at the same time. Conversely, 

staging the tooth movements in separate planes of space is considered as more clinically 

predictable (Tai, 2018). This is an important concept because the software automatically stages 

simultaneous tooth movement by default. In deep bite cases presenting over-erupted and 

retroclined maxillary incisors, it is recommended to 1) procline first, then 2) intrude and finally 3) 

retract to avoid occlusal interference during retraction. As described in the Bioprogressive Therapy 

by Ricketts (1979), it has been recommended to treat the overbite before the overjet. Power ridges 

and bite ramps can be used to procline the maxillary incisors. Once the incisor proclination has 

been achieved, bite ramps can be removed and replaced by pressure areas. The incisors can then 

be intruded along the long axis of the tooth. Once the deep bite is corrected, if there is any residual 

overjet, the incisors can be retracted without interference (Tai, 2018). 
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When correcting a deep bite, anterior intrusion can be programmed to level out the curve of Spee. 

Clear aligners are capable of successfully intruding entire segments of teeth (Khosravi et al. 2017, 

Boyd & Vlaskalic 2001) by engaging the occlusal, buccal and lingual surfaces of the teeth (Tai, 

2018). This can be accomplished with or without concurrent extrusion of the posterior teeth by 

providing vertical anchorage. The recommended rate of intrusion per aligner is 0.125 mm, which 

represents half of the normal 0.25 mm suggested for other movements (Align Technology® 2018). 

Relative intrusion also occurs simultaneously as the teeth are proclined for alignment. To 

maximize overbite correction, it is important to have sufficient anchorage for incisor intrusion with 

retentive attachments on the premolars (Tai 2018). 

 

In the ChinCheck® software, it is possible for the clinician to determine the degree of difficulty 

of tooth movement using the tooth movement assessment table (TMA). To improve the clinical 

predictability, it has been recommended to use additional treatment modalities for movements that 

fall within the moderate and advanced range of difficulty (Malik et al. 2013). These may involve 

the use of auxiliaries such as buttons and elastics, segmental fixed appliances, interarch Class II 

and Class III elastics and anchorage reinforcement with temporary anchorage devices (Tai, 2018). 

In deep bite cases, inter-arch elastics may assist in opening the bite by extruding the posterior teeth. 

Significant increase in arch width may also indirectly assist deep bite correction. Temporary 

anchorage devices can be used along with aligners to obtain true incisor intrusion. 

 

Overtreatment has also been recommended when the pretreatment overbite is of 80% or more (Tai, 

2018). Concretely, in such cases, it has been suggested that the clinician should request the 

following in the ClinCheck software (Tai, 2018): 

• Correct to 0 mm overbite 

• Engineer a mandibular reverse curve of Spee 

• Finish the occlusion with heavy posterior contacts 

 

2.4 Increased interest in esthetic orthodontics such as Invisalign 
Although orthodontic treatment aims to improve dentofacial esthetics, wearing an orthodontic 

appliance may temporarily affect overall facial appearance (Ziuchkovski et al. 2008). Over the last 

few decades, many treatment modalities such as lingual braces, brackets of smaller size, ceramic 
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brackets, plastic brackets, clear aligners, as well as esthetic auxiliaries such as clear elastic ties and 

white archwires, have been developed to enhance esthetics during treatment (Ziuchkovski et al. 

2008, Tai et al. 2018). Development of more esthetically appealing appliances could be one of the 

major factors explaining the increasing demand in orthodontic treatment in adults (Jeremiah et al. 

2011, Khosravi et al. 2017). This may also result from improved dental and orthodontic awareness 

and increased social acceptance of appliance therapy in adults (Breece and Nieberg, 1986). 

Invisible orthodontic appliances such as clear aligners have also been associated with greater 

perceived intellectual ability than those made of metal or ceramic (Jeremiah et al. 2010). Adults 

are also primarily concerned about the reaction of others to apparent orthodontic treatment, which 

make clear aligners more socially acceptable in this population (Proffit 2013). 

 

When planning orthodontic treatment, any aesthetic concern should be taken into consideration. 

Since clear aligners maintain aesthetics and minimally interfere with speech during treatment 

(Meier et al, 2003, Giancotti et al. 2008, Ali & Miethke 2012), acceptability of orthodontic 

treatment in adults has increased significantly, especially in women. Children and adolescents also 

prefer Invisalign® treatment over conventional fixed appliances because of its superior esthetics 

(Walton et al. 2010). Furthermore, Invisalign® is particularly useful for patients who work in 

public areas (Ali & Miethke, 2012).  

 

In a survey conducted by Rosvall and coworkers (2009), laypersons were asked to rank orthodontic 

appliances in function of their attractiveness, acceptability and monetary value. It was found that 

clear aligners were considered as the most appealing, followed by ceramic brackets, self-ligating 

brackets and finally metallic brackets. The authors also revealed that adults were willing to pay an 

extra cost for appliances they judge more esthetic. Another investigation conducted by 

Ziuchkovski et al (2008) came to a similar conclusion stating that clear aligners and lingual 

appliances had the highest ranking in terms of attractiveness. Despite the increasing popularity in 

esthetic orthodontic treatment, the British Lingual Orthodontic Society found in a 2009 survey that 

72% of adults were unaware of the existence of invisible braces. Furthermore, when asked, 90% 

of these same subjects considered clear aligners to be attractive and acceptable, whereas only 55% 

perceived the same for stainless steel brackets (Malik et al 2013).  
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2.5 Plaster models vs. digital models for treatment planning with InvisalignÒ 

Recent technologic developments in dentistry have led to important advances in orthodontic 

diagnosis and treatment planning tools, including study models (Ghafari 2015, Peluso et al. 2004).  

Dental casts made of plaster or stone have gradually been replaced by digital models acquired from 

mouth scanners (Jacob et al. 2015). Digitized study models were introduced in the 1990s (Joffe 

2004, Mah 2007). By 2014, 55% of Pacific orthodontic practices and 21% of Northeast practices 

were using digital study models as part of their records (Keim et al. 2014). Digital casts can now 

be used to perform accurate and reliable measurements electronically in all three planes of space 

(Grüheid et al. 2014, Santoro et al. 2013, Sousa et al. 2012, Fleming et al. 2011).  Traditionally, 

measurements were done directly on plaster models with a ruler or caliper.  

 

Digital models can be obtained indirectly from scanning plaster models, scanning of an alginate 

or PVS impression or directly scanning the patient’s dental arches. The advantages of using this 

technology over plaster models include less storage space, ease of fabrication, easy access and 

share of information between different practitioners (Camardella et al. 2017, Sousa et al. 2012, 

Peluso et al. 2004). Furthermore, with three-dimensional orthodontic software, digital models can 

be used to examine intra-arch and interarch relationships. Important diagnostic parameters such as 

overbite, overjet and arch length can be measured (Westerlund et al. 2015). Digital casts also allow 

for better 3D manipulation, space analysis and simulations (Ghafari 2015).  

 

Several studies have investigated the accuracy and reproducibility of linear measurements on 

digital models using different software and scanners (Sousa et al. 2012, Quimby et al. 2004, Leifert 

et al. 2009, Zilberman et al. 2003, Santoro et al. 2003, Costalos et al. 2005, Asquith et al. 2007, 

Mullen et al. 2007, Stevens et al. 2006, Kusnoto et al. 2002, Redlich et al. 2008). Numerous 

investigations have reported that measurements taken on digital models are as accurate and reliable 

as on plaster models (Grüheid et al. 2014, Sousa et al. 2012, Fleming et al. 2001, Mayers et al. 

2005, Santoro et al. 2003, Bell et al. 2003). Moreover, a systematic review conducted by Luu and 

colleagues (2012) reported that digital models were equivalent to plaster models in terms of intra-

rater reliability and validity. Some studies found that measurements on the digital models were 

significantly larger compared to those on plaster models (Asquith and al. 2007, Stevens et al. 2006, 

Goonewardene et al. 2008, Naidu & Freer 2013), whereas others found significantly lower values 
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for the measurements on digital models (Abiadeh et al. 2012, Mullen et al. 2007, Watanabe-Kanno 

et al. 2009). Questionable linear measurement accuracy was reported by Redlich and coworkers 

(2008) on digital models, especially in severely crowded dentition.  

 

It was reported that digital models were valid and reliable in assessing PAR index scores (Mayers 

et al. 2005). The PAR index includes the overbite component.  

 

To date, a considerable number of studies investigating on Invisalign® accuracy have used digital 

dental casts for measurements of pre- and post-treatment records as part of their study design 

(Papadimitriou et al. 2018). 

 

2.6 Intra-oral scanners and iTero® Element scanner 
Intra-oral scanners capture series of digital images of the dentition and adjacent structures, 

generating three-dimensional (3D) digital study models for diagnosis and treatment planning 

purposes. The dental arches can be recorded separately and in occlusion (Kamimura et al. 2017). 

The practitioner can visualize the arches, the position of the teeth and the occlusion in three 

dimensions on the computer (Align Technology Inc, 2018). Furthermore, digital models can be 

used for computer aided design (CAD) and manufacture (CAM) of dental appliances, such as 

aligners (Kamimura et al. 2017).  

 

In contrast to conventional impression materials, intra-oral scanners simplify workflow and make 

the procedure easier for practitioners, patients and dental technicians. Inaccuracies related to the 

conventional impression technique such as dimensional instability are avoided. Excellent 

dimensional accuracy and precision of digital impression have been reported in several in vitro 

investigations (Patzelt et al. 2014, Van der Meer et al. 2012, Karl et al. 2012, Schaefer et al. 2014, 

Yang et al. 2015, Lee et al. 2015, Cho et al. 2015, Kamimura et al. 2017). The available literature 

counts very few in vivo studies regarding their precision (Ender, Attin & Mehi 2016, Ender & 

Mehi 2013, Kamimura 2017). However, a recent in vivo study conducted by Kamimura and 

colleagues (2017) found that inter-operator reproducibility of digital impression was superior 

compared to that of conventional impression technique. Their findings were independent of the 

operator’s clinical experience and patient’s condition.  
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The iTero® scanner (Align Technology, San Jose, California) has been available since 2011 as 

part of the Invisalign® system (Garino et al. 2014). Previously, polyvinyl siloxane impressions 

were used to build the virtual planning process, known as the ClinCheck®. To date, iTero® have 

generated more than 1.2 million Invisalign® scans (www.itero.com). The iTero® scanner uses the 

confocal imaging-based technology; the dental arches, the gingival contours and the bite 

registration are captured through optical scanning and laser at a rate of 6000 frames per second.  

Emission of light at different wavelengths makes it possible to construct a digital image and a 

three-dimensional representation of hard and soft tissue structures (Garino et al. 2014). Structures 

are topographically sliced and being assembled together to create a complete picture through a 

process called stitching (Porter et al. 2018). Indeed, the ability of the scanner to correctly transform 

the geometric information into 3D models greatly influence the accuracy of measurements to be 

done later in software (Mack et al. 2017).  

 

Several investigations using linear, diagnostic and volumetric measurements have reported a high 

degree of accuracy of impression-free digital models obtained from intra-oral scanners (Sousa et 

al. 2012, Wiranto et al. 2013, Akyalcin et al. 2013). Furthermore, recent studies comparing the 

intra and interarch measurements obtained from intraoral scans and conventional gypsum models 

have been conducted by several investigators (Wiranto et al. 2013, Grünheid et al. 2014, Aragon 

et al. 2016, Naidu & Freer 2013, Flügge et al. 2013). These studies concluded that chair-side digital 

impressions had a good level of reliability and accuracy. It was shown that the accuracy of the 

iTero® scanner was comparable to that of the polyether material which is of 61.3 ± 17.9 microns 

(Flügge et al. 2013). A recent study using dry skulls also found that the iTero® scanner was 

accurate in terms of 3-dimensional curvilinear measurements (Mack et al. 2017). Furthermore, it 

was demonstrated that the iTero® scanner was able to generate accurate articulation of digital 

models, which is of particular importance when it comes to overbite measurement since it relies 

on correctly articulated models (Porter et al. 2018).   

 

Once the digital scan is sent to Invisalign®, a virtual 3D treatment plan is generated in the 

ClinCheck® software. The correction of the malocclusion is segmented in multiples stages, each 

of them representing an .stl file. The software program arranges the .stl files in a specific sequence 
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and a simulation of the tooth movements will be built into the final occlusion. The ClinCheck® 

plan is then reviewed by the practitioner, modifications are made and the final plan is approved. 

The aligners are then manufactured using CAD/CAM laboratory techniques (Phan & Ling 2007, 

Tai 2018).   

 

2.7 Methods of overbite measurements and Ortho Analyzer® software 
There has been a wide heterogenicity in the methodology of overbite measurements in the 

current orthodontic literature. Depending on the study, the overbite has been measured on 

conventional gypsum models, lateral cephalometric radiographs or three-dimensional digital 

models using different software. The amount of vertical overlap can be defined in percentage or 

millimetres (Proffit 2013, Nanda 2015, Cobourne 2016). According to Ghafari (2013) and Nanda 

(2015), the percentage measurement is more accurate because of the variation in mandibular 

incisor crown height. 

 

The American Board of Orthodontics (ABO) Discrepancy Index 

(www.americanboardortho.com) stated that the overbite should be measured in millimeters 

between the two antagonist incisors at the point where the overlap is the greatest. Impingement 

of the palatal tissues should be taken into consideration when assessing overbite severity.  

 

Figure 2.7 Overbite (vertical overlap) relationship according to the ABO DI.  

(American Board of Orthodontics 2016) 
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Krieger et al. (2011 and 2012) used the same definition for measuring the overbite in the 

ClinCheck® with the ToothMeasure® tool from the Invisalign® software. The frontal grid plane 

was first positioned to determine the landmark where the incisal edge of the maxillary incisors 

overlapped the mandibular incisors the furthest. To measure the overbite, the maxilla’s virtual 

image was removed and measured in millimeters. Abizadeh and colleagues (2012) also defined 

the overbite as the maximum vertical overlap either of mandibular central incisor by its 

corresponding maxillary central incisor.  

 
Figure 2.8 Overbite measurement in the ClinCheck® using the ToothMeasure® tool 

(Krieger et al. 2011) 

 

In most of the longitudinal studies conducted before the introduction of digital models in the 1990s, 

the changes in overbite were typically measured on lateral cephalometric radiographs (Bishara et 

al. 1985, Bishara et al. 1994, Bishara et al. 1998, Ceylan et al. 2002). In one of Bishara’s 

longitudinal studies (1985), the overbite was measured on lateral cephalometric radiographs in 

millimeters. It was defined as the distance between perpendicular lines from the incisal edges 

having the most labial maxillary and mandibular incisors on N-Me. Cephalometric radiographs 

were also used in a more recent retrospective study investigating the vertical dimension changes 

in patients treated exclusively with the Invisalign® appliance (Khosravi et al. 2017). They 

measured the overbite at the shortest vertical distance between the incisal edge of the maxillary 

incisor and the incisal edge of the mandibular incisor perpendicular to the functional occlusal 

plane.  
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In another study conducted by Baydas et al. (2004) investigating the relationship between the depth 

of the curve of Spee and different dental parameters, the overbite measurements were made on 

dental casts. The measurement was taken in millimeters between the incisal edges of the maxillary 

and mandibular central incisors. 

 

As part of their methodology, some previous studies have used OrthoAnalyzer® (3Shape®, 

Copenhagen, Denmark) to perform inter-arch dental measurements such as overbite (Massaro et 

al. 2018, Camardella et al. 2017). A study conducted by Camardella et al. (2017) compared 

different methods to evaluate the accuracy and reliability of digital models. The investigators 

performed their measurements on plaster models using a caliper and on digital models using the 

Ortho Analyzer software (3Shape®, Copenhagen, Denmark). The overbite was measured from the 

incisal edge of the maxillary right central incisor to the buccal surface of the mandibular incisor 

antagonist incisal edge. In a recent 40-year follow-up study evaluating the dental changes in 

patients with normal occlusion (Massaro et al. 2018), the overbite parameter was measured 

consistently at 3 time points on digital models with OrthoAnalyzer (3Shape®, Copenhagen, 

Denmark). The overbite was measured on a slice passing through the middle of the upper central 

incisors and the mean was taken into consideration.  

 

 
Figure 2.9 Overbite measurement in OrthoAnalyzer 

(Massaro et al. 2018) 
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Furthermore, Westerlun et al. (2015) compared four orthodontic digital software systems in terms 

of service, features and usability. One of their conclusions was that OrthoAnalyzer® (version 1.5; 

3Shape, Copenhagen, Denmark) was the most accurate for overbite measurement.  

 

Digital models acquired from an intraoral scanner are saved and stored as stereolithography files 

(.stl format). These .stl files are a three-dimensional image of the dental arches and can be imported 

into a specialized software to measure specific dental parameters. For optimal results, the software 

should be capable of visualizing and rotating the models in in any direction to get a full view of 

the model from any angle. OrthoAnalyzer® (3Shape, Copenhagen, Denmark) is a 3D orthodontic 

software that enables the use of .stl files on a computer. The software is equipped with a virtual 

digital caliper that allows for precise linear measurements to the hundredth of a millimeter. The 

software also includes a magnifying function that can be used to zoom in on specific parts of the 

models to aid in landmark identification.  

 

2.8 Invisalign® limitations 
Since Invisalign® is a removable appliance, one of the greatest challenges encountered by 

orthodontists is the patient’s compliance (Phan & Ling, 2007). The aligners should be worn 22 

hours a day (Malik et al. 2013). It was recommended to wear each aligner for a total of 400 hours 

before progressing to the next one (Phan & Ling, 2007). However, since the introduction of the 

Invisalign G7 protocol in 2016, the company has recommended to change aligners on a weekly 

basis (Align Technology Inc, 2016). Each aligner generates 0.25 to 0.33 mm of tooth movement 

(Krieger et al. 2011, Malik et al. 2013). Patient’s cooperation is a critical factor for success with 

clear aligner therapy (Boyd 2008) and failure in compliance may result in poor tracking, need for 

midcourse correction, longer treatment time and inferior treatment outcome (Tai, 2018). 

 

In the early 2000s, the Invisalign® system was initially recommended to treat mild orthodontic 

problems, such as crowding, spacing or treatment of minor alignment relapse (Joffe 2003, Bollen 

et al. 2003, Phan et al. 2007, Vlaskalic & Boyd 2011). Since its introduction on the market, 

Invisalign® has mostly treated adult patients wanting to address their crowding, spacing or incisor 

flaring (Meier et al. 2003, Vlaskalic & Boyd, 2001). However, there is still no absolute consensus 

in the literature with regards to whether moderate and complex cases can be routinely treated with 
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aligners (Boyd, 2008). The majority of the studies consists of case reports based on individual 

anecdotal experiences (Shin, 2017). Successful treatment of moderate to severe malocclusions 

have been reported (Boyd et al. 2006, Boyd 2005, Womack 2006, Hönn & Güz 2006, Boyd 2007, 

Krieger et al. 2012, Castroflorio et al. 2013, Guarneri et al. 2013), however, earlier reports have 

raised important limitations in the treatment of complex cases with Invisalign® (Djeu et al. 2005, 

Taylor et al. 2003). An important consideration may be that the earlier studies were carried out 

during the first years of the appliance development, even before the existence of attachments. At 

that time, there were still significant problems with bodily movement, torque, extrusion and 

rotations (Boyd, 2008). Throughout the last decade, there has been major changes in materials and 

protocols to help address issues with managing more complex cases (Gu et al. 2017, Malik et al. 

2013). The improvements brought by Align® include the SmarTrack® material, SmartForce® 

features, the optimized attachments and the different protocol innovations (G3, G4, G5, G6 and 

G7).  

 

The malocclusions cited below were reported as being less suitable for Invisalign® treatment 

(Joffe 2003, Malik et al. 2013): 

- Moderate and severe crowding of more than 5 mm 

- Moderate and severe spacing of more than 5 mm 

- Dental expansion for blocked out teeth 

- Alignment of high canines 

- Skeletal anteroposterior discrepancies over 2 mm 

- Severely rotated teeth over 20 degrees 

- Anterior and posterior open bites 

- Cases requiring extrusion of teeth 

- Closure of premolar extraction spaces 

- Uprighting of severely tipped teeth (more than 45 degrees) 

 

To overcome some of these limitations and improve clinical predictability, the use of adjunctive 

therapies have been suggested (Krieger et al. 2011, Ali & Miethke 2012, Malik et al. 2013, Houle 

et al. 2017, Shin 2017, Tai 2018).  
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A recent systematic review conducted by Papadimitriou an colleagues (2018) evaluated the 

available literature regarding the clinical effectiveness of the Invisalign® system. Although there 

is a high level of methodological heterogeneity amongst the studies, important limitations were 

found for arch expansion through bodily movement, canine and premolar rotations, extraction 

space closure, corrections of occlusal contacts and larger antero-posterior and vertical 

discrepancies.  

 

Clinical crown length is another important factor to consider. Patients presenting with short clinical 

crowns, such as in cases with extensive tooth wear and attrition, are less likely to track properly 

compared to those having long clinical crowns (Tai 2018, Joffe 2003). Teeth with short clinical 

crowns and less surface area offer less engagement of the aligner material and therefore less 

expression of tooth movement clinically (Tai, 2018).  

 

Although Joffe (2013) and Clements et al. (2003) indicated that Invisalign® was successful in 

correcting deep overbites, other studies have reported contradictory results. In a retrospective study 

conducted by Kamatovic (2004), it was concluded that deep bite cases treated with Invisalign® 

had a poor peer assessment rating (PAR) index at the completion of treatment. Krieger and 

colleagues (2011 & 2012) reported that overbite control was an important limitation of the 

Invisalign® system. There is also a general belief among practitioners that Invisalign tends to 

deepen the bite as a result of the posterior plastic coverage. This would lead to possible creation 

of posterior open bite (Bollen et al. 2003). However, a recent retrospective study conducted by 

Khosravi and coworkers (2017) refuted this idea. The nature of overbite correction was assessed 

in 120 adult patients stratified into 3 groups: open bite, normal overbite and deep bite. The authors 

demonstrated that the Invisalign® appliance was successful in managing the vertical dimension 

regardless of the severity of the pre-treatment overbite. One of their conclusions was that the 

Invisalign® appliance was relatively successful at managing mild to moderate overbite 

malocclusions. Deepbites were improved primarily by lower incisor proclination. However, it is 

important to keep in mind that this study was carried out before the implementation of the G5 deep 

bite protocol. Despite the advancements in the Invisalign® deep bite technologies, evidence 

supporting the effectiveness of these treatment modalities is mostly limited to case reports and 

case series (Khosravi et al, 2017).  
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A recent systematic review (Papadimitriou et al. 2018) examined the existing orthodontic literature 

to assess the level of evidence concerning the clinical effectiveness of Invisalign®. To date, most 

of the literature regarding this topic consist of retrospective and prospective studies. In general, 

the level of evidence was moderate, and the risk of bias ranged from low to high. Specifically, the 

accuracy of Invisalign® was reported in nine studies. Due to high heterogeneity amongst the 

studies, no clear recommendations have been made.  

 

Increased clinician experience and knowledge with the Invisalign® system, along with the 

patient’s motivation and compliance, remain the key factors in a successful outcome (Tai 2018, 

Gu et al. 2017).  

 

2.9 Predictability of Invisalign® 
Previous studies about the Invisalign® technique have predominantly focused on individual case 

reports (Boyd 2005, Giancotti & Farina 2010, Hönn & Göz 2006, Marcuzzi et al 2010, Miller et 

al. 2002, Schupp et al. 2010), material-specific or technical aspects (Bollen et al. 2003, Eliades et 

al. 2009, Gracco et al. 2009, Melkos 2005, Schott & Göz 2011, Schuster et al. 2004, Wheeler 

2004), or they assessed quality of life (Schaefer & Braumann 2010, Shalish et al. 2011) and oral 

hygiene (Low et al. 2011, Schaefer & Braumann 2010). A few studies investigating the 

effectiveness (Boyd 2007, Boyd 2008, Clements et al. 2003, Djeu et al. 2005, Joffe 2003, Duncan 

et al. 2016) and the prediction accuracy of aligner therapy (Kravitz et al. 2008, Kravitz et al. 2009, 

Krieger et al. 2011, Krieger et al. 2012, Houle et al. 2017) are present in the literature.  

 

Several studies have reported that treatment results with the Invisalign® system are inferior to 

those using fixed appliances (Djeu et al. 2005). Invisalign® treatment outcomes were compared 

with conventional fixed appliances treatments in two retrospective cohort studies (Djeu et al. 2005, 

Kuncio et al. 2007). In both studies, treatment results were assessed using the ABO objective 

grading system. Djeu and colleagues (2005) reported that Invisalign® patients reached a passing 

rate 27% lower than for fixed appliances. On average, patients with fixed appliances gained 13 

more objective grading system points than did Invisalign patients. The aligners were less 

successful at correcting occlusal contacts, posterior torque and anteroposterior discrepancies. Their 
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follow-up study (Kuncio et al. 2007) found that Invisalign® treatments were less stable than those 

with fixed appliances, especially in the maxillary anterior segment. However, a systematic review 

that was done in 2005 by Lagravère and Flores did not support this conclusion. It is important to 

consider that these studies were conducted when clear aligners were still relatively new; the 

introduction of the several technologic innovations brought by Align Technology® have been 

made since these preliminary studies were initiated. In a recent retrospective case-control study 

(Gu et al. 2017), it was found that fixed appliances improved malocclusion to a greater extent than 

did Invisalign®. The authors concluded that the likelihood of achieving “great improvement” in a 

malocclusion was higher with fixed appliances. 

 

The final virtual models on ClinCheck® do not accurately reflect the final clinical outcome (Houle 

et al. 2017, Shin 2017, Buschang et al. 2015, Simon et al. 2014, Malik et al. 2013, Krieger et al. 

2011 and 2012, Kravitz et al. 2008 and 2009, Nguyen & Cheng 2006). From the orthodontist 

perspective, as much concordance as possible between the ClinCheck® and the clinical result is 

ideal (Krieger et al. 2011). As of today, nine studies have focused on the accuracy of Invisalign® 

(Papadimitriou et al. 2018), where the deviation between the achieved and predicted tooth 

movements was evaluated. Sufficient accuracy in resolving anterior crowding (Krieger et al. 2011 

and 2012) and distalizing maxillary molars (Simon et al. 2014) was reported. On the other hand, 

findings in upper incisor root control were inconsistent (Castroflorio et al. 2013, Simon et al. 2014) 

and lack of accuracy was found in bodily expansion of the maxillary posterior teeth (Solano-

Mendoza et al. 2017, Buschang et al. 2015, Houle et al. 2017), canine (Kravitz et al. 200) and 

premolars (Simon et al. 2014) rotations, extrusion of maxillary incisors (Kravitz et al. 2009) and 

overbite control (Krieger et al. 2011 and 2012).  Randomized controlled trials investigating the 

clinical predictability of Invisalign® have not been undertaken yet (Malik et al. 2013, 

Papadimitriou et al. 2018). 

 

Boyd and Vlaskalic (2001) stated that deep overbite reduction is predictable with Invisalign®. 

Similarly, Nguyen and Cheng (2006) reported that anterior intrusion was 79% accurate. Later in 

2009, Kravitz and colleagues conducted a prospective study to assess the accuracy of different 

tooth movements with Invisalign® in the anterior region. Movements such as expansion, 

constriction, intrusion, extrusion, mesiodistal tip, labiolingual tip and rotated were evaluated. A 
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total of 401 teeth were analyzed.  The mean accuracy of tooth movement with Invisalign® was 

found to be 41%. Likewise, anterior intrusion showed an accuracy of 41.3%. The maxillary and 

mandibular central incisors had the highest accuracy of intrusion, whereas the lowest one was 

achieved by the maxillary lateral incisor. In their study, most of the teeth aimed intrusions lower 

than 1.0mm. On average, 0.72mm of intrusion was attempted. The authors also concluded that 

intrusion was more predictable than extrusion in the anterior region (Kravitz et al. 2009). Clements 

et al. (2003) also reported that achieving a 100% accurate intrusion was unlikely. However, 

intrusion mechanics are in general more predictable with Invisalign® compared to fixed appliances 

because disclusion of teeth eliminates problems encountered with fixed appliances from occlusal 

interferences (Boyd 2008). Aligners’ ability to engage the occlusal, buccal and lingual surfaces of 

the teeth makes them successful at intrusion (Tai 2018). 

 

Krieger et al. published two retrospective studies in 2011 and 2012 investigating the accuracy of 

Invisalign® treatment in the anterior region. The pilot study of 2011 included 35 patients and the 

extended study of 2012 comprised 50 patients. In both studies, they concluded that tooth 

movements in the vertical plane were more challenging to achieve than in the sagittal and 

transverse planes with Invisalign®. Overbite was the least accurate parameter compared to anterior 

arch length and intercanine distance, overjet, dental midline shift and irregularity index according 

to Little (Krieger 2012). Overbite showed a prediction accuracy of only 14.3% and had the highest 

deviations between the planned and the actual treatment outcome (Krieger et al. 2011). The mean 

difference between the achieved and predicted overbite was 0.71mm (Krieger et al. 2012). 

Therefore, refinements should be expected toward the end of treatment when treating patients 

requiring major vertical correction. The authors also recommended the use of supportive measures 

(horizontally bevelled attachments or elastics) to achieve optimal result in these patients (Krieger 

et al. 2011).  

 

Simon and colleagues (2014) investigated the accuracy of tooth movements using Invisalign®. 

The following movements were studied: incisor torque greater than 10°, premolar derotation 

greater than 10° and molar distalization greater than 1.5mm. They reported that overall mean 

accuracy of tooth movement was 59%. However, this should be interpreted with caution due to 

the high risk of bias (Papadimitriou et al. 2018). 
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A prospective study conducted by Buschang et al (2015) examining the accuracy of Invisalign® 

with respect to the ABO Objective Grading System (OGS) reported that the ClinCheck models 

overestimate alignment, buccolingual inclinations, occlusal contacts and occlusal relations.  

 

To date, there have been no studies focusing on the prediction accuracy of deep overbite correction 

using Invisalign®. Moreover, most previous studies were conducted before the implementation of 

the G5 deep bite protocol and the introduction of the SmartTrack® material to which we are 

exposed to today.  
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CHAPTER 3 

Purpose and Null hypothesis 
 

3.1 Purpose 
 

The aim of this study is to investigate the predictability of deep overbite correction using the 

Invisalign® system. 

 

3.2 Null hypotheses 
 

1. There is no statistical significant difference between the treatment outcome and the 

overbite correction planned by ClinCheck.  

 

2. There is no association between the amount of overbite correction planned on ClinCheck 

and the prediction accuracy. 

 

3. There is no association between the pre-treatment overbite severity and the prediction 

accuracy. 
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CHAPTER 4 

Material and methods 
 

4.1 Ethics 
 

This retrospective study received approval from the Bannatyne Campus Research Ethics Boards 

at the University of Manitoba on May 24th 2017 (Appendix 1). 

 

4.2 Sample size calculation 
In this study, a maximum of 60 patients was fixed by Align Technology®. The type 1 error is 

usually set to be 0.05, with a power of 80%, or 90%. These specifications give this study the ability 

to detect an effect size of 0.73 with 80% power, or an effect size of 0.84 with a 90% power.	A 

sample of size 60 allows estimation of proportions with a precision (95% CI) of 13%.	

 

4.3 Sample selection 
An informed consent was obtained for each patient included in this study to allow the use of 

records needed for research purposes (Appendix 2). The consent form was previously signed by 

every patient participating in the study. 

 

The study sample was obtained from a single orthodontic specialist experienced with the 

Invisalign® technique at two orthodontic practices located in Winnipeg and Thunder Bay, Canada. 

The collected records included (1) the patient’s age at the start of treatment, (2) the patient’s 

gender, (3) the number of maxillary and mandibular active aligners used in the first round of 

aligners, (4) the number of optimized deepbite attachments on the lower premolars, (5) the number 

of attachments of any type on the lower premolars (6) the ClinCheck® Tooth Movements Table 

providing information about the amount of anterior intrusion, posterior extrusion and incisor 

proclination planned by the ClinCheck® and (7) the three .stl files required (pre-treatment, 

predicted treatment and post-treatment digital models). 
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Records needed for this study were acquired randomly for patients meeting the inclusion and 

exclusion criteria as listed below. 

 

Inclusion criteria 

• Cases presenting a pre-treatment overbite of more than 3 mm 

• Cases with three .stl files available (pre-treatment, predicted treatment, post-treatment or 

first refinement) 

• G5 deep bite protocol (cases treated after February 2014) 

• Adult patients with completed growth at the beginning of treatment (>18 years old) 

• Permanent dentition 

• Dual arch orthodontic treatment exclusively using Invisalign® 

• Interproximal reduction (IPR) completed as prescribed in the treatment 

• Good compliance during treatment as assessed by the practitioner 

 

Exclusion criteria 

• Midcourse correction needed 

• Crowding of more than 6 mm 

• Extensive space closure (e.g. missing teeth) 

• Any anteroposterior change (Class II or Class III elastics) 

• Surgical cases 

• Extraction cases 

• Auxiliary treatment (Inter-arch elastics, Carriere® and TADs®) 

• Presence of a cleft lip or palate or syndrome-associated orofacial malformations 

 

A total of 60 participants were included in this study, 40 females and 20 males.  The mean age of 

the sample was 33 years old (male = 31, female = 34). The age range of the subjects included in 

this study was from 18 to 55 years old (Table 4.1). Each patient received orthodontic treatment 

exclusively with Invisalign® in the period between February 2014 and October 2017. This study 

only emphasized on the first series of aligners and no refinements were included. These patients 

wore each aligner 22 hours a day for 2 weeks.  
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Table 4.1. Sample demographics 

The study sample was stratified into groups of mild overbite, moderate overbite, and severe deep 

overbite based on the magnitude of pre-treatment overbite. Patients with overbite greater than 3.0 

mm were classified as deepbite patients.   

• Overbite ranging from 3.0 to 4.5 mm (Mild deep bite group) 

• Overbite ranging from 4.6 to 6.0mm (Moderate deep bite group) 

• Overbite of more than 6.0mm or impinging on the palatal tissue (Severe deep bite group) 

Twenty-five patients composed the mild overbite group, 16 were in the moderate overbite group 

and 19 were in the severe overbite group (Table 4.2). 

 

 

 

 

Table 4.2 Pre-treatment deep bite distribution of the sample size 

 

The patients included in the sample were treated with one of the following Invisalign® treatment 

options: 

• Invisalign® Express 10 (10 active aligners) 

• Invisalign® Assist (13 active aligners) or  

• Invisalign® Full (more than 13 active aligners) 

As shown in table 4.3, almost half of the sample size received the Invisalign® Assist treatment. 

 

Gender Frequency (N) Percentage (%) Mean age (years) 
Female 40 67 34 (30, 38) 
Male 20 33 31 (26, 36) 

Total 60 100 33 (30, 36) 

Pre-treatment deep bite Frequency (N) Percentage (%) 
Mild  25 41 
Moderate 16 27 
Severe 19 32 
Total 60 100 
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Table 4.3 Invisalign® treatment option distribution of the sample size 

 

4.4 Data collection 
The data was collected retrospectively from Align Technology Inc. and two orthodontic private 

offices of a single practitioner. One practice was located in Winnipeg and the other one was in 

Thunder Bay, Canada. Pre and post-treatment digital models generated from an iTero® scan were 

obtained for every participant included in this study. The models predicting the final outcome, 

which corresponded to the last worn aligner by the patient, were requested directly from Align 

Technology®. Patient confidential data was de-identified by the assignation of an anonymous 

identification number to each subject suitable for the study. 

 

The digital .stl files from the iTero® scan and the ClinCheck® were uploaded in the 

OrthoAnalyzer® (3Shape®, Copenhagen, Denmark) software. The digital images of the models 

were zoomed in to facilitate measurements. Overbite measurements were recorded by the primary 

investigator using the digital caliper provided by the software. The software also offers a suggested 

2D cross-section plane that can be zoomed in. The digital models were measured to the nearest 

0.01 mm. Linear values of overbite were measured according to the following points: 

 

• Overbite: the greatest vertical distance (mm) between the incisal edge of the maxillary 

incisor and the incisal edge of the mandibular incisor perpendicular to the occlusal plane. 

 

For each subject, the overbite was consistently measured in millimeters at 3 different timepoints: 

• Initial overbite (mm) on pretreatment digital models 

• Target overbite (mm) on the predicted final digital models (ClinCheck®) 

• Final overbite (mm) on the posttreatment digital models (refinement scan) 

 

Invisalign® Treatment Frequency (N) Percentage (%) 
Express 10  17 28 
Assist 27 45 
Full 16 27 
Total 60 100 
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For each specific patient, the overbite was consistently measured from the same maxillary incisor 

and the same mandibular incisor landmark of the corresponding pre-treatment, post-treatment and 

prediction models.  

 

Figure 4.1 Overbite measurement on maxillary incisor (pre- and post-treatment models) 

 

Figure 4.2 Overbite measurement on mandibular incisor (pre- and post-treatment models) 

 

Deep overbite correction can be achieved by incisor intrusion, posterior extrusion, incisor 

proclination or a combination of any of these. Various bite opening mechanisms were programmed 

in the ClinCheck® to reduce the overbite: (a) Upper incisor proclination, (b) Lower incisor 

proclination, (c) Upper incisor intrusion, (d) Lower incisor posterior intrusion (e), Upper posterior 

extrusion, (f) Lower posterior extrusion. This information was recorded from the Tooth 

Movements Table and the Superimposition tool of the ClinCheck® software. Tooth attachments 

of various shape, size and position were used according to the doctor’s prescription. The number 

and type of attachments on mandibular premolars were recorded from the ClinCheck®. 
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In summary, for each subject included in this study, the following variables were recorded: 

• Age and gender of patient 

• Invisalign® treatment option (Express 10®, Assist®, Full®) 

• Pre-treatment, target and final overbite (mm) 

• Bite opening mechanisms programmed in the ClinCheck® (quantity and type) 

• Attachments on mandibular premolars (quantity and type) 

 

4.5 Calibration 
A total of 180 overbite measurements were performed by the primary investigator (CFS) using the 

OrthoAnalyzer® (3Shape®, Copenhagen, Denmark) software. To test the intra-examiner 

reliability, 20% of the sample size was randomly selected to be measured again 2 weeks after the 

first assessment (Houston 1982). Twelve patients, for a total of 36 overbite measurements, were 

re-measured by the principal investigator. The intra-examiner reliability was assessed with an 

intraclass correlation coefficient (ICC). SAS System® version 9.4 software was used to analyze 

the data.  

  

4.6 Statistical analysis 
The data of this study was analyzed using the SAS System® version 9.4 (Cary, NC, USA). 

A paired t-test (P < 0.05) compared the pre-treatment overbite and target overbite as per 

ClinCheck® to determine if significant overbite changes were planned on the software. A paired 

t-test (P < 0.05) was also used to compare the predicted final overbite measurement and the 

overbite measurement achieved clinically at the end of the first series of aligners. This allows the 

determination of the reliability of ClinCheck® in predicting overbite changes when planning deep 

overbite correction. 

 

A percentage of accuracy of tooth movement was calculated to quantify the amount of change 

achieved (overbite correction obtained clinically) relative to the amount of change planned 

(predicted overbite correction as per ClinCheck®). The calculation of prediction accuracy was 

done according to the following formula: 100 * Actual correction / Predicted correction. 

The value calculated cannot exceed 100%.  
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A Spearman correlation coefficient was used to determine if larger overbite corrections predicted 

were correlated with poorer prediction accuracies. A negative correlation coefficient (ρ < 0) would 

indicate that larger changes predicted are correlated with larger errors. A correlation coefficient of 

zero (ρ = 0) would indicate that no relationship exists between the magnitude of overbite correction 

predicted and the prediction accuracy. 

 

One-way analysis of variance (ANOVA) tests (P < 0.05) were used to determine the significance 

of differences in overbite correction accuracy between the mild, moderate and severe pre-treatment 

deep bite groups.  Variance ratio tests were also used to determine if a greater number of active 

aligners, a specific type and number of programmed bite opening mechanics, a higher number of 

mandibular premolar attachments and the use of optimized deep bite attachments were correlated 

with higher prediction accuracies.  
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CHAPTER 5 

Results 
 
5.1 Reliability and reproducibility 
 

An almost perfect agreement with regards to intra-rater reliability was showed by the ICC test, 

with a score of 0.99. There was very little variation in the repeated measurements made by the 

primary investigator. 

 
5.2 Treatment modalities distribution in the sample 
 

The distribution of the different treatment modalities among the three pre-treatment deep bite 

groups is illustrated in table 5.1.  

Twenty-five patients composed the mild overbite group, 16 were categorized in the moderate 

overbite group and 19 in the severe overbite group. 

Near half of the sample (45%) underwent Invisalign® Assist treatment (13 upper and 13 lower 

active aligners in their first series). In the mild pre-treatment deep bite group, 76% of the subjects 

had 13 or less treatment aligners in their first round of aligners. In the moderate group, 62% of the 

subjects had 13 active upper and lower aligners. In the severe group, 74% of the subjects had more 

than 13 active aligners in their first round of aligners.  

In the three overbite groups, the most frequent bite opening mechanism programmed in the 

ClinCheck® was incisor intrusion, followed by incisor proclination. Upper and lower posterior 

extrusion were the least common mechanisms programmed in the ClinCheck®. The moderate and 

severe overbite groups had a similar distribution in nature of bite opening mechanisms. 

More than half of the sample (62%) had 3 or 4 bite opening mechanisms programmed in the 

ClinCheck®. In the severe overbite group, only 26% of them had 5 or 6 bite opening mechanisms 

programmed in the software.  

Sixty-three percent of the total sample had attachments on all four mandibular premolars in their 

first series of aligners. Attachments could be of any type (e.g. optimized deepbite attachment, 
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optimized rotation attachment, root angulation control attachment, conventional 

vertical/horizontal rectangular attachment, etc.). Similarly, in every overbite group, the majority 

of subjects had attachments on all 4 lower premolars.   

 

 Optimized deep bite attachments on mandibular premolars were found to some extent in 78% of 

the total sample. Twenty-two percent of the sample had no optimized deep bite attachments.  

 Table 5.1 Distribution of treatment modalities in the sample 

 

  Pre-treatment deepbite group 
Variables Mild OB Moderate OB Severe OB Total 

  25 (41%) 16 (27%)  19 (32%)  60 (100%) 
Number of active aligners (frequency and %)  

Express 10 (10 aligners) 9 (36%) 3 (19%) 5 (26%) 17 (28%) 

Assist (13 aligners) 10 (40%) 10 (62%) 7 (37%) 27 (45%) 
Full (>13 aligners) 6 (24%) 3 (19%) 7 (37%) 16 (27%) 

Bite opening mechanism programmed in the ClinCheck® (frequency) 
Upper incisor intrusion 18 (72%) 15 (94%) 17 (89%) 50 
Lower incisor intrusion 20 (80%) 14 (56%) 18 (95%) 52 
Upper posterior extrusion 11 (44%) 3 (19%) 4 (21%) 18 
Lower posterior extrusion 10 (40%) 3 (19%) 5 (26%) 18 
Upper incisor proclination 18 (72%) 15 (94%) 15 (79%) 48 
Lower incisor proclination 18 (72%) 13 (81%) 13 (68%) 44 

Number of bite opening mechanisms programmed in the ClinCheck® (frequency and %) 
1 or 2 5 (20%) 1 (6%) 1 (5%) 7 (11%) 
3 or 4 12 (48%) 12 (75%) 13 (69%) 37 (62%) 
5 or 6 8 (32%) 3 (19%) 5 (26%) 16 (27%) 

Total number of attachments on lower premolars (frequency and %) 
0 2 (8%) 0  1 (5%) 3 (5%) 
1 0 0 0 0 
2 2 (8%) 1 (6%) 3 (16%) 6 (10%) 
3 4 (16%) 4 (25%) 5 (26%) 13 (22%) 
4 17 (68%) 11 (69%) 10 (53%) 38 (63%) 

Number of optimized deepbite attachments on lower premolars (frequency and %) 
0 7 (28%) 3 (19%) 3 (16%) 13 (22%) 
1 10 (40%) 5 (31%) 8 (42%) 23 (38%) 
2 6 (24%) 8 (50%) 8 (42%) 22 (37%) 
3 2 (8%) 0  0  2 (3%) 
4 0  0  0  0  
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As shown in table 5.2, the mean pre-treatment overbite value of the studied sample was 4.60 mm 

(SD = 1.05). A mean 2.55 mm (SD = 1.17) overbite correction was predicted by the ClinCheck®. 

The mean post-treatment overbite obtained clinically was 3.60 mm (SD = 1.09). An overbite 

correction of 1.00 mm (SD = 0.79) was achieved overall clinically. The mean prediction accuracy 

of deep overbite correction for the total sample was 37.67% (SD = 34.42). 

 
 Mean SD 95% CI 

Pre-tx OB (mm) 4.60 1.05 4.33- 4.87 
Target OB as per ClinCheck® (mm) 2.05 0.98 1.79-2.30 
Predicted OB correction as per ClinCheck® (mm) 2.55 1.17 2.25-2.85 

Post-tx OB (mm) 3.60 1.09 3.32-3.88 
Actual OB correction 1.00 0.79 0.79-1.2 
Accuracy (%) 37.67 34.42 28.78-46.56 

Table 5.2 Mean values of treatment demographics 
 
 
5.3 Comparison between pre-treatment overbite and target overbite predicted per 
ClinCheck®    
 
Pre-treatment overbite measurements were compared with those predicted on the final 

ClinCheck® plan. The paired t-test revealed a statistically significant difference between 

pretreatment overbite and target overbite as predicted by the ClinCheck® in the 3 deep bite groups. 

Overall, a significant amount of overbite correction of 2.55mm (±1.17) was attempted in the first 

series of aligners. The average amount of overbite correction was statistically different across the 

3 pre-treatment overbite groups (P = 0.0102). Two millimeters was attempted in the mild deep bite 

group, whereas almost 3 millimeters was targeted in the moderate and severe groups. 

 

Pre-treatment 
OB group 

Mean pre-treatment 
overbite (mm) 

Mean target 
overbite as predicted 

by ClinCheck (mm) 

 
Predicted overbite 
correction as per 
ClinCheck (mm) SD 95% Cl 

Pretreatment 
OB v.s. Target 

OB  
P-value 

Mild 3.78 1.76 2.02 0.59 1.78-2.26 <0.001 
Moderate 5.01 2.12 2.89 0.93 2.40-3.39 <0.001 
Severe  5.32 2.37 2.96 1.63 2.17-3.74 <0.001 
Overall 4.60 2.05 2.55 1.17 2.25-2.85 0.0102 

*P < 0.05 
Table 5.3 Comparison between pre-treatment and ClinCheck® target overbite measurements 
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5.4 Comparison between ClinCheck® prediction and post-treatment measurements 
 
The mean planned overbite correction, and the mean difference between overbite prediction and 

final clinical overbite were calculated. Results from table 5.4 reveal that for every overbite group, 

there was a statistically significant difference between the predicted overbite as per ClinCheck® 

and the final overbite obtained clinically (overall P < 0.001). The highest accuracy was achieved 

by the moderate overbite group, in which 48.88% (±24.21) of the predicted correction was 

obtained clinically, corresponding to a mean difference of 1.58 mm (±0.98).  The lowest prediction 

accuracy was found in the mild overbite group, where 31.18% (±42.42) of the predicted movement 

was achieved with a mean difference of 1.33mm (±0.75) between the prediction and the outcome. 

Furthermore, 3 subjects in the mild overbite group got a deeper post-treatment clinical overbite 

instead of an improvement. The mild overbite group also shows the highest standard deviation (SD 

= 42.42). No significant difference between target and actual post-treatment overbite was found 

across the 3 overbite groups (P = 0.2516). 

 

Pre-
treatment 
OB group 

Predicted overbite 
correction as per 
ClinCheck® (mm) SD 95% Cl 

Mean difference 
Target OB 

(ClinCheck® ) vs 
Post-treatment 

OB (mm) SD 95% Cl 

Target OB 
(ClinCheck®) vs 
Post-treatment 

OB 
P-value 

Accuracy 
of change 

(%) 

SD 

Mild 2.02 0.59 1.78-2.26 1.33 0.75 1.02-1.61 <0.001 31.18 42.42 

Moderate 2.89 0.93 2.40-3.39 1.58  0.98 1.05-2.10 <0.001 48.88 24.21 

Severe  2.96 1.63 2.17-3.74  1.83 1.20 1.25-2.40 <0.001 36.76 36.76 

Overall 2.55 1.17 2.25-2.85 1.55 0.98 
1.30 – 
1.81 0.2516 37.67 

34.42 

*P < 0.05 
Table 5.4 Predictability of overbite correction  

 
 
5.5 Comparison between the magnitude of predicted overbite correction and the 
prediction accuracy 
 

One of the objectives of this study was to investigate if the magnitude of overbite correction 

planned influenced the magnitude of prediction accuracy. The Spearman correlation coefficients 

relative to the different overbite groups are listed in table 5.5. The overall Spearman correlation 

coefficient shows that there was no relationship between the magnitude of predicted overbite 



 62 

correction and the prediction accuracy (ρ = 0.049). Greater vertical changes were not related with 

larger errors, except for the moderate overbite group. A negative correlation coefficient was found 

in this group (ρ = -0.424), indicating that larger predicted overbite corrections were associated 

with poorer prediction accuracies. However this was not statistically significant (P = 0.10) 
 Spearman correlation 

coefficients 
p-value 

Mild OB 0.136 
 

0.52 

Moderate OB -0.424 
 

0.10 

Severe OB 0.030 
 

0.90 

Overall 0.049 
 

0.71 

*P < 0.05 
Table 5.5  Spearman correlation coefficients between the predicted overbite 

correction and prediction accuracy 

 

 
Figure 5.1 Correlation between predicted overbite correction and accuracy with the Spearman 

Correlation Coefficient. 

 



 63 

5.6 Association between the severity of pre-treatment overbite and the prediction 
accuracy 
 
The mean accuracy of overbite correction for all three groups was 37.67% (SD = 34.42). The 

highest mean accuracy was achieved by the moderate overbite group (48.88%), with a mean 

attempted overbite correction of 2.89 mm (SD = 0.93). The next highest mean accuracy was 

achieved by the severe overbite group (36.76%), with a mean attempted overbite correction of 2.96 

mm (SD = 1.63). The mild overbite group had the lowest mean prediction accuracy (31.18%) and 

the highest standard deviation (SD = 42.42); in this group a mean overbite correction of 2.02 mm 

(SD = 0.59) was attempted. There was a statistically significant difference (P = 0.0102) between 

the amount of predicted overbite correction between the mild, moderate and severe overbite groups 

(Table 5.6). However, no statistically significant differences in overbite correction accuracy were 

found between the three overbite groups (P = 0.2769). 

*P < 0.05 
Table 5.6. Differences in overbite characteristics and planned treatment by deep bite groups 

 
Variable 

Pre-treatment deepbite group  
p-value Mild (N=25) Moderate (N=16) Severe (N=19) 

Mean SD Mean SD Mean SD  

Pre-tx OB (mm) 3.78 (3.62, 3.94) 0.39 5.01 (4.80, 5.23) 0.40 5.32 (4.71, 5.94) 1.28  

Predicted OB 
correction (mm) 

2.02 (1.78, 2.26) 0.59 2.89 (2.40, 3.39) 0.93 2.96 (2.17, 3.74) 1.63 0.0102 

Actual OB 
correction (mm) 

0.69 (0.37, 1.01) 0.77 1.32 (0.98, 1.65) 0.63 1.13 (0.73, 1.54) 0.84  

Accuracy (%) 
 

31.18 (13.67, 48.69) 42.42 48.88 (35.98, 61.78) 24.21 36.76 (22.92, 50.60) 28.71 0.2769 
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Figure 5.2 Distribution of prediction accuracy (%) as a function of pre-treatment overbite  

(0 = Mild OB group, 1 = Moderate OB group, 2 = Severe OB group) 

 
 
5.7 Association between the number of treatment aligners and the prediction accuracy 
 
5.7.1 Distribution of accuracy relative to number of aligners  
 
There is no statistically significant difference in accuracy between Invisalign Express 10 (10 active 

aligners), Invisalign Assist (13 active aligners) and Invisalign Full (more than 13 active aligners) 

groups (P = 0.3538). The highest accuracy was achieved by the Invisalign Assist group (44.51%), 

whereas the lowest was found in the Invisalign Express 10 group (29.65%). The amount of 

predicted overbite correction is almost significantly different across the 3 treatment modalities (P 

= 0.0533). 
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*P < 0.05 
Table 5.7 Number of treatment aligners and prediction accuracy 

 

 
Figure 5.3 Distribution of prediction accuracy (%) as a function of number of treatment aligners 

 
 
 
5.7.2 Distribution of accuracy relative to nature and number of bite opening mechanisms 

programmed in ClinCheck® 

As listed in table 5.8, the highest prediction accuracy was achieved by the lower posterior extrusion 

group (47.40% ± 41.13), but this was not statistically significant (P = 0.1534) (Figure 5.7). The 

lower incisor intrusion group, which comprises 52 subjects, had the lowest prediction accuracy 

value (31.72% ± 30.84). The prediction accuracy of subjects with lower incisor intrusion was 

 
Variable 

Invisalign® treatment   
p-value Express 10 = 10 aligners 

(N=17) 
Assist = 13 aligners (N=27) Full >13 aligners (N=16) 

Mean SD Mean SD Mean SD  
Predicted OB 
correction (mm) 

2.38 (1.86, 2.89) 1.00 2.30 (2.02, 2.58) 0.70 3.15 (2.23, 4.07) 1.72 0.0533 

Actual OB 
correction (mm) 

0.69 (0.42, 0.97) 0.54 1.06 (0.75, 1.36) 0.78 1.22 (0.70, 1.74) 0.98 0.1423 

Accuracy (%) 
 

29.65 26.11 44.51 34.61 34.64 41.09 0.3538 
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significantly poorer than the subjects without lower incisor intrusion (P = 0.0004). The group 

without lower incisor intrusion was composed of only 8 subjects. 

 

There is a statistically significant difference between subjects with and without lower incisor 

proclination programmed in their ClinCheck® (P = 0.0248). In other words, the prediction 

accuracy significantly improves when lower incisor proclination is planned in the software.  This 

should be interpreted with caution because of the presence of a significant negative outlier in the 

group without lower incisor proclination (where the minimum accuracy was -88.0%) and positive 

outliers in the group with lower incisor proclination (Figure 5.9).  

 

No statistically significant differences were found in the other mechanisms (P > 0.05). 

  N Mean accuracy 
(%) 

SD CI 95% P-value 

U1 intrusion Present 50 40.73  34.96 30.79 - 50.66 0.1244 
Absent 10 22.36 28.30 2.12 – 42.6 

L1 intrusion Present 52 31.72 30.84 23.13 - 40.31 0.0004 * 
Absent 8 76.32 32.93 48.79 – 103.85 

Upper posterior 
extrusion 

Present 18 42.67  39.07 23.24 - 62.10 0.4659 

Absent 42 35.52 32.50 25.40 – 45.65 

Lower posterior 
extrusion 

Present 18 47.40 41.13 26.94, 67.85 0.1534 

Absent 42 33.50 30.72 23.93, 43.07 

U1 proclination Present 48 39.10 35.74 28.73 - 49.48 0.5231 
Absent 12 31.93 29.20 13.38 – 50.48 

L1 proclination Present 44 43.63 30.91 34.23 - 53.03 0.0248 * 
Absent 16 21.27 39.12 0.43 – 42.12 

*P < 0.05 
Table 5.8 Nature of bite opening mechanisms programmed in ClinCheck® and prediction 

accuracy 
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Figure 5.4 Prediction accuracy (%) as a function of upper incisor intrusion programmed in the 

ClinCheck (0 = absent, 1 = present) 

 

 
Figure 5.5 Prediction accuracy (%) as a function of lower incisor intrusion programmed in the 

ClinCheck (0 = absent, 1 = present) 
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Figure 5.6 Prediction accuracy (%) as a function of upper posterior extrusion programmed in the 

ClinCheck (0 = absent, 1 = present) 

 

 
Figure 5.7 Prediction accuracy (%) as a function of lower posterior extrusion programmed in the 

ClinCheck (0 = absent, 1 = present) 
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Figure 5.8 Prediction accuracy (%) as a function of upper incisor proclination programmed in the 

ClinCheck (0 = absent, 1 = present) 

 

 
Figure 5.9 Prediction accuracy (%) as a function of lower incisor proclination programmed in the 

ClinCheck (0 = absent, 1 = present) 
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In terms of number of bite opening mechanisms, the highest mean accuracy was achieved by the 

group with 5 or 6 bite opening mechanisms (45.4% ± 41.51). As shown in Figure 5.10, the greater 

the number of bite opening mechanisms, the greater the accuracy is, but this is not statistically 

significant (P = 0.5339).  

 

*P < 0.05 
Table 5.9 Number of bite opening mechanisms programmed in ClinCheck® and prediction accuracy 

 
 

 
Figure 5.10 Distribution of prediction accuracy (%) as a function of the number of bite opening 

mechanisms programmed in the ClinCheck® 

 
 

 
Variable 

Number of bite opening mechanisms programmed in the ClinCheck® 
 

 
p-value 

1 or 2 (N=7) 3 or 4 (N=37) 5 or 6 (N=16) 
Mean SD Mean SD Mean SD  

Predicted OB 
correction (mm) 

1.59 (0.68, 2.50) 0.98 2.62 (2.35, 2.89) 0.81 2.81 (1.89, 3.72) 1.71 0.0595 

Actual OB 
correction (mm) 

0.56 (0.19, 0.92) 0.40 0.98 (0.73, 1.22) 0.73 1.23 (0.70, 1.76) 0.99 0.1671 

Accuracy (%) 
 

29.85 (1.91, 57.59) 30.21 35.79 (25.09, 46.49) 32.08 45.43 (23.31, 67.55) 41.51 0.5339 
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5.7.3 Distribution of accuracy relative to type and number of mandibular premolar 

attachments  

There were no statistically significant differences (P = 0.9276) in deep overbite correction 

accuracy for any of the mandibular premolar attachment groups (Table 5.8 and Figure 5.11). The 

overall number of attachments on the mandibular premolars did not influence the prediction 

accuracy.  About two-thirds of the sample had 4 attachments on the mandibular premolars.  

   *P < 0.05 
Table 5.10 Total number of mandibular premolar attachments (any type) and prediction accuracy 

 
 

 
Figure 5.11 Distribution of prediction accuracy (%) as a function of number of mandibular 

premolar attachments  

 
Variable 

Total number of attachments on mandibular premolars  
p-value 0 (N=3) 2 (N=6) 3 (N=13) 4 (N=38) 

Mean SD Mean SD Mean SD Mean SD  
Predicted OB 
correction (mm) 

3.03 (0.29, 
5.78) 

1.11 2.38 (0.99, 3.78) 1.33 2.86 (1.78, 
3.94) 

1.78 2.43 (2.14, 2.72) 0.89 0.5987 

Actual OB 
correction (mm) 

1.10 (-1.75, 
3.95) 

1.15 1.02 (0.37, 1.66) 0.61 1.25 (0.65, 
1.86) 

1.00 0.90 (0.66, 1.14) 0.90 0.5860 

Accuracy (%) 
 

43.23 (-71.32, 
157.78) 

46.1 32.41 (3.81, 
61.01) 

27.2
6 

42.13 (20.95, 
63.31) 

35.05 36.53 (24.87, 
48.20) 

35.50 0.9276 
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There were no statistically significant differences (P = 0.3385) in deep overbite correction 

accuracy across the different optimized deep bite attachment groups (Table 5.9 and Figure 5.12). 

The number of optimized deep bite attachments on the mandibular premolars does not significantly 

affect the prediction accuracy. The majority of the sample (75%) had 1 or 2 optimized deep bite 

attachments in their setup. Only 2 subjects had 3 optimized deep bite attachments.  

*P < 0.05 
Table 5.11 Number of optimized deep bite attachments and prediction accuracy 

 

 
Figure 5.12 Distribution of prediction accuracy (%) as a function of the number of optimized deep 

bite attachments (ODBA) 

 
Variable 

Number of optimized deep bite attachments 
 

 
p-value 

0 (N=13) 1 (N=23) 2 (N=22) 3 (N=2) 
Mean SD Mean SD Mean SD Mean SD 

Predicted OB 
correction (mm) 

2.18 (1.50, 
2.85) 

1.12 2.58 (1.99, 
3.16) 

1.35 2.81 (2.37, 
3.26) 

1.01 1.75 (0.48, 
3.02) 

0.14 0.4006 

Actual OB 
correction (mm) 

1.07 (0.52, 
1.61) 

0.90 0.92 (0.54, 
1.31) 

0.89 1.11 (0.84, 
1.39) 

0.62 0.13 (-0.76, 
1.02) 

0.10 0.8476 

Accuracy (%) 
 

46.70 (22.98, 
70.41) 

39.24 31.67 (14.77, 
48.57) 

39.08 41.37 (30.03, 
52.72) 

25.59 7.22 (-38.36, 
52.80) 

5.07  0.4549 
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CHAPTER 6 
 

Discussion 
 
 
The main purpose of this study was to investigate the predictability of deep overbite correction 

using Invisalign®. Assessment of ClinCheck® reliability in planning major vertical changes in 

deep bite subjects will help orthodontists to better select these patients for clear aligner therapy.  

 

There are multiple ways of managing deep bites. For this reason, our sample was selected from 

one single practitioner to limit the heterogeneity in treatment. Treatment was rendered by one 

practitioner. The orthodontist’s treatment strategies to manage deep overbite included the 

following: 

 

• Extra palatal root torque maxillary incisors (power ridges prn) 

• No contact on incisors 

• Treat to 0mm overbite 

• Heavy posterior occlusal contacts 

• Level the curve of Spee 

• Damon arch form on all cases  

 

Since overbite can be influenced by several factors, it was important to control for confounding 

variables in this study. An exclusive adult population was selected to minimize the effects of 

normal vertical growth of the jaws. Additionally, subjects presenting significant crowding (>6mm) 

were excluded to minimize the vertical side effects of extensive arch development. Similarly, 

subjects requiring significant sagittal dental movement (Inter-arch elastics, Carriere, TADs) were 

excluded to reduce the bite opening effect of posterior distalization. Subjects requiring extractions 

were also excluded to avoid deepening of the bite that occurs concomitantly with space closure. 

 

Subjects starting treatment after February 2014 were included in this study, which corresponds 

with the introduction of the G5 deep bite protocol (Align Technology® 2018). 
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The virtual final treatment result predicted by the ClinCheck® does not accurately reflect the 

clinical outcome (Shin 2017). To date, a limited number of studies comparing the ClinCheck® 

prediction and the treatment outcome are present in the orthodontic literature (Houle et al. 2017, 

Solano-Mendoza B et al. 2017, Buschang et al. 2015, Simon et al. 2014, Castroflorio et al. 2013, 

Kravitz et al. 2008 & 2009, Krieger et al. 2011 & 2012,). Only a few assessed the overbite 

parameter (Khosravi et al. 2017, Krieger et al. 2011 & 2012, Kravitz et al. 2009), but none of them 

have specifically focused on accuracy of deep bite correction. 

 
6.1 Accuracy of ClinCheck® prediction for deep overbite correction 
 
Our results show large discrepancies between the overbite correction predicted by the ClinCheck® 

and the clinical overbite correction obtained clinically. Overall, 37.7% of the planned vertical 

changes were actually achieved. In other words, slightly more than one third of the predicted 

overbite correction was achieved throughout the first series of aligners. Although the mean 

prediction accuracy was found to be low, the standard deviation was large (mean SD ±  34.42). 

The mean difference between the predicted and achieved overbite was 1.55 mm (SD ± 0.98). The 

mean predicted overbite correction as per ClinCheck® was 2.55 mm (SD ± 1.17 mm), whereas 

the actual correction achieved clinically was 1.00 mm (± 0.79 mm), which is statistically 

significant. This means that the ClinCheck® software was not able to accurately anticipate the 

amount of overbite correction that would occur.   

 

The low level of mean prediction accuracy for deep bite correction could be explained by a number 

of factors. First, most of the patients included in this study had a limited number of active aligners 

in their first round of treatment. Inclusion criteria of this study restricted the selected cases to those 

that received a limited number of aligners and those that needed refinements. Only 27% of the 

total sample had more than 13 active aligners in their first series of aligners. Furthermore, patients 

who choose esthetic orthodontic treatment such as Invisalign® also tend to prefer shorter treatment 

times (Gu et al. 2017), which could explain why the subjects in our study were overall treated with 

a small number of aligners.  

 

Our study sample also had an overall limited number of optimized deep bite attachments. Close to 

one-quarter of the subjects (22%) didn’t have optimized deep bite attachments included in their 
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ClinCheck® setup. The near totality of the remaining subjects only had 1 or 2 optimized deep bite 

attachments. None of them had 4 optimized deep bite attachments. When correcting deep 

overbites, the ClinCheck® won’t automatically place optimized deep bite attachments on all 

mandibular premolars (Tai 2018). In the current ClinCheck® protocol, optimized root control 

attachments and optimized rotation attachments take precedence over optimized deep bite 

attachments (Tai 2018, Invisalign Academy 2018). Optimized root control attachments are 

triggered at a threshold of 0.75mm mesio-distal root movement needed. If premolars are rotated 

more than 5 degrees, an optimized rotation attachment is automatically placed by the software 

(Tai, 2018). Therefore, the first ClinCheck® setup often features optimized rotation attachments 

on the premolars. It is then the clinician’s task to modify the setup to switch for optimized deep 

bite attachments. Optimized deep bite attachments are preferred when opening the bite for 

posterior anchorage purposes (Tai, 2018).  

 

To some degree, tooth wear commonly found in deep bite adult patients could explain the low 

level of prediction accuracy for overbite correction. Short clinical crowns with less surface area 

offer less engagement of the aligner, thus less expression of tooth movement and potentially poorer 

tracking (Tai 2018).  

 

The concept of staging is especially important in deep bite cases with retroclined and hypererupted 

maxillary incisors. It is recommended to procline first, then intrude and finally retract the maxillary 

incisors to ensure more predictable results (Tai 2018). An improper sequence of tooth movements 

in the ClinCheck® could lead to poorer prediction accuracy when correcting deep bites. In this 

study, the staging was not assessed but could have had an influence on our results.  

 

As shown in the present study, the ClinCheck® tends to overestimate the quality of the finished 

occlusion (Kravitz et al. 2009, Buschang et al. 2014). This correlates with recommendations of 

several investigators (Tai 2018, Krieger 2011 & 2012, Kravitz et al. 2008 & 2009, Houle et al. 

2017) who suggested to build overcorrection in the finished occlusion. 
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6.2 Magnitude of predicted overbite correction and prediction error 
 
Our results show that overall, more overbite correction planned on the ClinCheck® is not 

associated with poorer prediction accuracy. Tracking will not necessarily be lower if larger vertical 

changes are requested in the software. This lack of association should be interpreted with caution 

since the amount of overbite correction requested was overall small (2.55mm). The biggest 

overbite correction requested was 7.84mm in a subject treated with 44 upper aligners and 23 lower 

aligners. Also, most of the sample was treated with a limited number of trays in their first series 

of aligners.  Close to 75% of the total sample had less than 13 aligners (Invisalign Assist and 

Invisalign Express 10). The experience of the clinician may also partially explain the lack of 

correlation. 

 

A negative correlation was found in the moderate pre-treatment deep bite group (ρ = -0.424), 

indicating that larger overbite corrections requested in the ClinCheck® were associated with 

poorer tracking. However this was not statistically significant (P = 0.10). This association could 

be explained by the fact that 13 out of the 16 subjects composing this group had less than 13 active 

aligners in their first series of trays. A mean attempted overbite correction of 2.89mm was 

requested in this group, which is relatively ambitious for a small number of aligners. The subjects 

in this group also had a minimal number of optimized deep bite attachments in their setup (2 or 

less optimized deep bite attachments).  

 
6.3 Severity of pre-treatment deep bite and prediction error 
 
Although the amount of attempted overbite correction was statistically different between the mild, 

moderate and severe deep bite groups (P = 0.0102), no statistically significant difference was 

found in terms of accuracy (P = 0.2769) across the 3 groups. This suggests that a more severe pre-

treatment deep bite will not necessarily lead to poorer tracking and less overbite improvement. 

This could be explained by the fact that the more severe cases were in general treated with a higher 

number of aligners, bite opening mechanisms and mandibular premolar attachments (Table 1). 

Furthermore, the lowest percentage of prediction accuracy was achieved by the mild deep bite 

group (31.18% ± 42.42). Since the mild group was the largest one (n = 25) compared to the 

moderate and severe groups, there was more room for variability in accuracy. Indeed, this group 
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also had the largest standard deviation (SD ± 42.42), indicating a wider range of values. Moreover, 

3 subjects in the mild deep bite group got a worse clinical post-treatment overbite than where they 

started (their post-treatment overbite was greater than pre-treatment overbite), which might have 

affected the overall accuracy of this group.  

 
6.4 Descriptive data: Treatment modalities and prediction error 
 
6.4.1 Number of aligners 

The accuracy of correction was higher in the Invisalign Assist group (44.51% ± 34.61), followed 

by the Invisalign Full group (34.64% ± 41.09) and the Invisalign Express 10 group (29.65% ± 

26.11). However, as stated in table 5.7, this was not statistically significant (P = 0.3538). The 

highest accuracy found in the Invisalign Assist treatment group could be caused by the  presence 

of a positive outlier (figure 5.3). It could also be due to the fact that the attempted amount of 

correction was the smallest across the 3 groups (2.30mm ± .70). Moreover, the Invisalign Full 

treatment cases were in general more severe and more correction was attempted in this group 

(3.15mm ± 1.72). The lack of significant difference in terms of accuracy across the groups (Express 

10, Assist or Full) should be interpreted with caution as 45% of the sample was treated with the 

Invisalign Assist option. Also, as shown in Table 5.1, the severity of the cases was variable within 

each group. 

 

6.4.2. Number and nature of bite opening mechanisms programmed in the ClinCheck® 

The bite opening mechanisms that were evaluated in this study were: 

1. Upper incisor intrusion 

2. Lower incisor intrusion 

3. Upper posterior extrusion 

4. Lower posterior extrusion 

5. Upper incisor proclination 

6. Lower incisor proclination 

 

In this study, the most common mechanisms programmed in the ClinCheck® were maxillary and 

mandibular incisor intrusion and proclination. The least common were maxillary and mandibular 

posterior extrusion. Posterior extrusion is not stable in adults and results in clockwise rotation of 
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the mandible because there is no compensatory growth at the ramus (Burstone 1977, Proffit 2013, 

Nanda 2015).  

 

The prediction accuracy was higher when an increased number of bite opening mechanisms was 

programmed in the ClinCheck®. This means that the ClinCheck® tends to better predict the 

overbite correction as the number of programmed bite opening mechanisms increases. However, 

the differences between subjects having 1 or 2, 3 or 4, and 5 or 6 mechanisms were not statistically 

significant (P = 0.5339).  

 

The lower incisor intrusion group had the lowest prediction accuracy value (31.72%). The 

prediction accuracy of the 52 subjects with lower incisor intrusion was significantly poorer than 

the 8 subjects without lower incisor intrusion (P = 0.0004). This significant difference in prediction 

accuracy should be interpreted with caution since the groups with and without lower incisor 

intrusion were not evenly distributed. Moreover, the subjects that did not get lower incisor 

intrusion programmed in ClinCheck® did not actually need it because their cases were less severe 

in nature.  

 

The prediction accuracy was statistically significantly improved when mandibular incisor 

proclination was programmed in ClinCheck® in contrast to when it was not (P = 0.0248). In other 

words, the prediction accuracy is significantly better when the lower incisors are being proclined 

throughout treatment. This suggests that deep bite might be more predictable to correct when 

mandibular crowding is present and being resolved without extracting teeth or performing 

interproximal reduction. However, this should be interpreted with caution since a significant 

negative outlier was present in the group without lower incisor proclination (where the minimum 

accuracy was -88.0%), while the group with lower incisor proclination included some positive 

outliers (Figure 5.9).  

 

No statistically significant differences were found for the other mechanisms (P > 0.05).  

 

 

 



 79 

6.4.3 Number and type of attachments on mandibular premolars 

In cases requiring extensive vertical movements, the use of horizontal right-angled attachments in 

the premolar region bilaterally was recommended to increase aligner retention (Krieger et al. 

2012). As of today with the G5 deep bite protocol, optimized deep bite attachments are preferred 

on the lower premolars when opening deep bite for posterior anchorage purposes (Tai 2018).  

 

In this study, no association was found between the presence of attachments of any type on the 

mandibular premolars and the magnitude of error (P = 0.927). About two-thirds of the sample had 

4 attachments of any type on their lower premolars, involving 1 or 2 optimized deep bite 

attachments for 75% of the subjects. Also, 22% of the sample did not have any optimized deep 

bite attachments included in their setup at all (Table 5.11). Although the G5 protocol is specifically 

designed for deep bite cases, the first ClinCheck® setup often features optimized rotation 

attachments instead of optimized deep bite attachments if the lower premolar is rotated more than 

5 degrees. Therefore, it relies on the clinician to virtually substitute for optimized deep bite 

attachments if desired (Tai 2018). Although the majority of the sample had a limited number of 

optimized deep bite attachments in their setup, no statistically significant differences in prediction 

accuracy was found across patients with 0, 1, 2 or 3 optimized deep bite attachments (P = 0.4549). 

In other words, a higher number of optimized deep bite attachments did not necessarily lead to a 

more accurate deep bite correction. This should be interpreted with caution since the hierarchal 

attachment placement was followed and not substituted for attachments providing optimal vertical 

anchorage.  

 
6.5 Comparison with other studies 
 
To our knowledge, no studies have specifically investigated the predictability of deep bite 

correction using Invisalign®. This is the very first study emphasizing on the reliability of the 

ClinCheck® in predicting overbite changes in cases presenting excessive incisor overlap.  

 

Our results are similar to the findings of Kravitz and colleagues’ prospective study (2009), who 

reported a mean accuracy of tooth movement of 41%. More specifically, they found a mean 

accuracy for anterior intrusion of 41.3%. The lowest intrusion accuracy was achieved by the 

maxillary lateral incisors. One of their conclusions was that intrusion was more predictable than 
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extrusive movements in the anterior region. As for their inclusion criteria, their sample also 

consisted of an adult population (mean age of 31 years) exclusively treated with Invisalign® and 

presenting less than 5 mm of crowding or spacing. Only the initial aligners’ series was included. 

The mean number of active aligners was relatively similar to our study (10 maxilla and 12 

mandible). However, by its prospective nature, their study design differed from ours. Digital model 

superimposition was used to assess prediction accuracy. Since the models were superimposed on 

the posterior teeth, these teeth were not allowed to move during treatment. Our investigation 

however included cases in which the posterior teeth were free to move. 

 

Krieger conducted two retrospective studies in 2011 and 2012 investigating the accuracy of 

Invisalign® in the anterior region. As part of their inclusion criteria, they selected cases presenting 

mild to moderate crowding treated exclusively with Invisalign® without auxiliary treatment. In 

their pilot study in 2011, a discrepancy of 0.9 mm (+/- 0.9 mm) was found between the predicted 

and achieved overbite. Similarly, in their 2012 study, a mean difference of 0.71 mm (SD +/- 0.87 

mm) was reported between the predicted and actual final overbite. In our study, a mean difference 

of 1.55 mm (SD ± 0.98) was found between the ClinCheck® and the final clinical overbite. The 

larger discrepancy found in our study could be partly explained by the fact that only deep bite 

subjects were included. Our sample had a deeper pre-treatment overbite (4.6 mm ± 1.05mm), in 

contrast to Krieger et al. in in 2011 (3.5 mm) and 2012 (3.88 mm ± 1.51 mm). The amount of 

attempted overbite correction was higher in our study (2.55mm ± 1.17 mm) compared to Krieger’s 

in 2011 (1.1 mm) and 2012 (1.27 mm). In their 2011 study, they found a lower prediction accuracy 

(14.3%) than ours (37.7%) for the overbite parameter. These discrepancies may be due in part to 

the fact that they used a different software for their overbite measurements (ToothMeasure® tool 

in the ClinCheck®). Our data suggests that the ClinCheck® overestimates deep bite correction. 

Likewise, Krieger et al. (2011 and 2012) concluded that the overbite parameter was the least 

predictable, and that the vertical dimension was the most difficult to control with clear aligners. 

For cases requiring extensive vertical movements, the use of horizontal right-angled attachments 

in the premolar region bilaterally was recommended to increase aligner retention (Krieger et al. 

2012). They also reported that additional refinements and overcorrection may be necessary. 
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More recently, a retrospective study that was carried out by Khosravi et al. (2017) reported that 

Invisalign® was successful at opening the bite in deep bite subjects. More specifically, a 1.5 mm 

median opening was observed. Our findings show a lesser correction with a median opening of 

0.90 mm. This could be due to the fact that our study only included the initial round of aligners, 

which may have limited the scope of overbite correction. On the other side, Khosravi et al. included 

cases with a maximum of 3 refinements which could have certainly allowed a bigger correction. 

Furthermore, their results might differ from ours partly because they measured their overbites 

using lateral cephalometric radiographs. Measures taken from a 2-D image vs. a 3-D image of the 

occlusion (digital models) might have led to different overbite measurements. Khosravi et al. 

concluded that Invisalign® was relatively successful in managing overbite. Likewise, in our study, 

deep bite was also partially corrected. Our findings also indicate that the prediction accuracy is 

statistically significantly improved in subjects with lower incisor proclination programmed in their 

ClinCheck® (P = 0.0248). In other words, the prediction accuracy is significantly superior when 

lower incisor proclination is planned in the ClinCheck® software. This correlates with Khosravi 

et al. findings, who reported that mandibular incisor proclination was the primary mechanism of 

bite opening using Invisalign®. However, no conclusions could be drawn in terms of prediction 

accuracy in their study since no comparison was made between pre and post-treatment overbite 

with specific target overbite. 

 

 
6.6 Clinical relevance 
 
It has been estimated that 70% to 80% of patients treated with Invisalign® may need mid-course 

corrections, refinements or conversion to fixed appliance to achieve optimal result (Kravitz et al. 

2009). These numbers imply that the ability of the ClinCheck® to predict the final outcome is 

limited and that tracking is not constantly optimal. The ability of the teeth to track properly 

influences the treatment outcome and overall treatment duration. Mid-course corrections and 

refinements lead to longer treatment time, increased chair time and increased material demand for 

the orthodontist (Duncan et al. 2016). Discrepancies between the predicted and final result can 

arise from the clinician’s lack of experience with the technique, the software limitations or the lack 

of patient compliance. Studies investigating the accuracy of the ClinCheck® in predicting the final 

clinical outcome may help limit the need for mid-course corrections and refinements. 
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Our findings indicate that the tracking accuracy with regards to deep overbite correction is 

relatively low. The number of active aligners, the quantity of bite opening mechanics programmed 

in the ClinCheck® and the presence of optimized deep bite attachments did not significantly affect 

the prediction accuracy. However, this lack of association between the prediction accuracy and 

these different treatment modalities should be interpreted with caution. First, a large variability in 

overall prediction accuracy was found (SD ± 34.42). Furthermore, the groups composing the 

different categories (number of aligners, mechanisms, attachments) were not evenly distributed. 

As an example, 97% of the sample had 2 or less optimized deep bite attachments despite the overall 

deep bite severity. Also, close to half of the sample (45%) was treated with the Invisalign Assist 

option. In general, the more severe cases had longer treatment time and higher number of proper 

retentive attachments. The optimized hierarchal attachment placement was overall followed and 

not substituted for attachments providing better vertical control. The presence of outliers in the 

different groups might also have affected the results.  
 
No treatment auxiliaries such as inter-arch elastics, TADs and distalizers were used for any of the 

cases included in this study. Knowing that deep overbite correction accuracy is somewhat limited 

with clear aligners may help orthodontists to better estimate treatment duration and give realistic 

expectations to their patients in that sense. When it comes to severe deep bite correction, the 

clinician should expect subsequent series of additional aligners to be made to achieve an excellent 

clinical result. The findings of this study may also help practitioners to better plan their mechanics. 

As suggested by several investigators and authors (Krieger et al. 2011 & 2012, Ali & Miethke 

2012, Malik et al. 2013, Shin 2017, Tai 2018), the addition of auxiliary treatment may help 

improve the prediction accuracy and maximize the overbite reduction. For example, anchorage for 

anterior intrusion with clear aligners can be provided by bilateral anchorage attachments in the 

premolar region or anterior TADs (Tai 2018). Another way to help reduce the rate of mid-course 

corrections and refinements in deep bite patients would be to build overcorrection of the overbite 

in the ClinCheck® software. In severe deep bite cases where the overbite is 80% or more, it has 

been suggested to correct to 0 mm overbite, to engineer a reverse curve of Spee in the mandibular 

arch and to finish the occlusion with heavy posterior contacts (Tai 2018).  
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This study suggests that the incorporation of mandibular incisor proclination in the ClinCheck® 

improves deep bite prediction accuracy. Thus, deep bite cases presenting crowding in the lower 

anterior region that require incisor proclination may be more predictable to correct. In order to 

maximize overbite reduction, the orthodontist might want to incorporate mandibular incisor 

proclination in their virtual setup (Khosravi et al. 2017). Deep bite cases necessitating incisor 

proclination, incisor intrusion, posterior extrusion, arch development, some degree of posterior 

distalization and molar uprighting may be more predictable to correct. Torque control is mandatory 

for obtaining proper interincisal angle and adequate overbite. The orthodontist might want to be 

prudent when opening deep bite with clear aligners in cases requiring important torque control, 

such as in closure of pre-existing spaces or spaces created by extractions or interproximal 

reduction. 

 

6.7 Limitations of the study 
 
Some limitations should be considered when interpreting our results. The retrospective nature of 

this study introduces selection bias. A common problem encountered with the Invisalign® 

technique is the lack of compliance from patients (Phan & Ling 2007). Information about patient 

compliance had to rely on the assessment of the orthodontist. However, the data was collected 

from a single practitioner, which may have prevented the heterogeneity in evaluation of patient 

compliance. 

 

The inclusion criteria of this study limited the selected cases to those that received a limited number 

of aligners in their course of treatment (Invisalign Assist® or Invisalign Express 10®). Therefore, 

the outcomes may be different in deep bite cases treated with a higher number of aligners. A typical 

course of treatment with Invisalign® usually involves 25 aligners (Malik et al. 2013) but differs 

in function of the amount and complexity of required tooth movement (Joffe 2003). Patients who 

choose Invisalign® for esthetic reasons also tend to prefer shorter treatment times (Jiafeng et al. 

2017) which could explain the low number of active aligners in our study sample. These patients 

also tend to prefer avoiding refinements to accomplish difficult tooth movements (Gu et al. 2017) 

which could have limited our sample size. Moreover, while selecting the data, the majority of deep 

bite adult patients also presented an underlying Class II division 2. These patients, who mostly 
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received an Invisalign Full treatment, could not be included in our sample because they needed 

some degree of antero-posterior correction.  

 

The prediction accuracy may also vary in more complex cases needing multidimensional 

corrections (A-P, transverse and vertical) or those involving space closure following extractions 

or extensive interproximal reduction. Our findings cannot be generalized, and this study may not 

perfectly reflect a typical course of deep overbite treatment using clear aligners.  

 

When measuring overbite in OrthoAnalyzer®, standard reference points were not used, which 

could have increased the random measurement errors associated with landmark identification. 

However, the landmark identification was precise to 0.01mm and the same landmarks of the same 

teeth were consistently used at the three different timepoints. The measurement points were 

identical to those of the corresponding pre-treatment, predicted and post-treatment overbite. Also, 

the measurements were performed by the principal investigator only, which could have improved 

consistency.  

 

It has been reported that the maxillary lateral incisor has the lowest accuracy of intrusion in the 

anterior region (Kravitz et al. 2009). Since the overbite was measured either from the central or 

lateral incisor in this study, it is possible that the prediction accuracy may vary depending on the 

tooth being measured.  

 

This study is the first one to focus on the reliability of deep overbite correction using Invisalign®. 

Some cofounding variables were not controlled in this study. No information regarding the vertical 

facial pattern was collected. Subsequently, a correlation between vertical skeletal pattern and 

prediction accuracy could not be established. The predictability of deep bite correction may be 

lower in brachycephalic patients. Similarly, the overall clinical crown heights were not considered 

in this study. Since long clinical crowns provide better engagement for aligners (Tai 2018), 

subjects presenting shorter clinical crowns and more extensive tooth wear could potentially have 

a lower prediction accuracy.  
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Clinician’s experience is a key factor in treatment success with clear aligners (Tai 2018). The 

sample in this study was treated with Invisalign® by a single practitioner. Also, 97% of sample 

had less than 2 optimized deep bite attachments in their setup. Since a wide variety of mechanics 

and types of attachments can be used for overbite correction, predictability may vary widely from 

one clinician to another. It is possible that the results found in this study might differ from those 

achieved by other clinicians. 

 

This study was designed to assess the reliability of Invisalign® to produce the overbite correction 

as planned by the orthodontist in the ClinCheck software. The actual tooth movements that occured 

clinically were not assessed.  

 

Despite these limitations, our findings provide a baseline value to what can be accomplished with 

aligners alone when addressing deep bites. This study widens the knowledge on deep overbite 

correction predictability using Invisalign® and, therefore, may aid in better selecting patients for 

this treatment modality and better plan mechanotherapy in the ClinCheck® software. 
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6.8 Revisiting the null hypothesis 
 

1. There is no statistical difference between the treatment outcome and the overbite 

correction planned by the ClinCheck®.  

- Statistically significant differences were found between the predicted overbite 

correction and the treatment outcome (p<0.05). Therefore, the first null hypothesis 

is rejected. 

 

2. There is no association between the extent of overbite correction planned on 

ClinCheck® and the prediction accuracy. 

- No association was found between the extent of overbite correction planned on 

ClinCheck and the prediction accuracy (p>0.05). Therefore, the second null 

hypothesis is accepted. 

 

3. There is no association between the pre-treatment overbite severity and the prediction 

accuracy. 

- No association was found between the pre-treatment overbite severity and the 

prediction accuracy (p>0.05). Therefore, the third null hypothesis is accepted.  
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CHAPTER 7 
 

Conclusion 
 

- The mean prediction accuracy of deep overbite correction using Invisalign® is 37.7%. 

- The ClinCheck® software significantly overestimates overbite improvement in deep bite 

subjects. 

- Requesting greater overbite correction in the ClinCheck® will not necessarily lead to poorer 

accuracy. 

- Programming mandibular incisor proclination in ClinCheck may improve the prediction 

accuracy. Thus, deep bite cases with crowding resolved by increase in arch perimeter may be 

more predictable to correct.  

 
 
7.1 Recommendations 

- When deep bite correction is planned with Invisalign®, overcorrection should be built into the 

finished occlusion on the ClinCheck® to reduce the rate of midcourse corrections or refinements.  

- Successful deep overbite correction does not rely on aligners alone. Careful planning with 

auxiliary methods may also be used to help reduce the rate of refinements and midcourse 

corrections. These can be: 

o Additional retentive attachments 

o Inter-arch Class II or Class III elastics when needed  

o Segmental fixed appliances 

o Reinforcement of anchorage with TADs 

o Incisor intrusion with TADs 

- Deep bite cases with crowding being addressed with increase in arch perimeter (incisor 

proclination, arch development and distalization of posterior segments) may be more predictable 

to correct.  

- The orthodontist might want to be prudent in situations in which the incisors tend to upright 

(extensive IPR, extensive space closures and extractions). 
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7.2 Future studies 
Future research should be encouraged to explore the factors that may influence the predictability 

of deep overbite correction with Invisalign®.  

- The Invisalign® system is a technique that evolves quickly. Improvements of the aligner 

material and attachment features are continually being developed in the aim of improving 

clinical predictability. It would be of interest to conduct a similar study and compare the 

prediction accuracy between subjects treated before the introduction of the G5 deep bite 

protocol versus subjects treated after its introduction. This way, it would be possible to 

assess if the G5 deep bite protocol actually improves the prediction accuracy. 

- It would be interesting to do a similar study using a sample treated with a higher number 

of aligners (Invisalign® Full treatment) and see if the prediction accuracy improves 

significantly. 

- It would be interesting to do a similar study using a sample treated by a different 

practitioner using a higher number of retentive attachments for vertical anchorage and 

assess the potential improvement of the prediction accuracy. 

- The vertical facial pattern was not taken into consideration in this study. Since deep 

overbite correction is more challenging in brachycephalic patients, it would be relevant to 

conduct a similar study to determine if the facial pattern has a significant influence on the 

prediction accuracy of deep bite correction with Invisalign®.  

- It would be of interest to compare the efficacy of dental deep overbite correction between 

subjects treated with Invisalign® and subjects treated with fixed multibracket appliances, 

in terms of treatment time and clinical outcome. 
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Align Technology, Inc.
(888) 822-5446

WWW.INVISALIGN.COM

INVISALIGN INFORMED CONSENT AND AGREEMENT FOR THE INVISALIGN PATIENT 1 of 3

PATIENT’S INFORMED CONSENT AND 
AGREEMENT REGARDING INVISALIGN®

ORTHODONTIC TREATMENT
Your doctor has recommended the Invisalign® system for your 

orthodontic treatment. Although orthodontic treatment can 

lead to a healthier and more attractive smile, you should also 

be aware that any orthodontic treatment (including orthodontic 

treatment with Invisalign aligners) has limitations and potential 

risks that you should consider before undergoing treatment.

DEVICE DESCRIPTION
Invisalign® aligners, developed by Align Technology, Inc. 

(“Align”) consist of a series of clear plastic, removable 

appliances that move your teeth in small increments. Invisalign 

products combine your doctor’s diagnosis and prescription 

with sophisticated computer graphics technology to develop a 

treatment plan which specifies the desired movements of your 

teeth during the course of your treatment. Upon approval of a 

treatment plan developed by your doctor, a series of customized 

Invisalign aligners is produced specifically for your treatment.

PROCEDURE
You may undergo a routine orthodontic pre-treatment 

examination including radiographs (x-rays) and photographs. 

Your doctor will take impressions of your teeth and send 

them along with a prescription to the Align laboratory. Align 

technicians will follow your doctor’s prescription to create a 

ClinCheck® software model of your prescribed treatment. Upon 

approval of the ClinCheck treatment plan by your doctor, Align 

will produce and ship a series of customized aligners to your 

doctor.  The total number of aligners will vary depending on the 

complexity of your malocclusion and the doctor’s treatment plan. 

The aligners will be individually numbered and will be dispensed 

to you by your doctor with specific instructions for use. Unless 

otherwise instructed by your doctor, you should wear your 

aligners for approximately 20 to 22 hours per day, removing them 

only to eat, brush and floss. As directed by your doctor, you will 

switch to the next aligner in the series every two to three weeks. 

Treatment duration varies depending on the complexity of your 

doctor’s prescription. Unless instructed otherwise, you should 

follow up with your doctor at a minimum of every 6 to 8 weeks. 

Some patients may require bonded aesthetic attachments and/

or the use of elastics during treatment to facilitate specific 

orthodontic movements. Patients may require additional 

impressions and/or refinement aligners after the initial series of 

aligners.

BENEFITS
• Invisalign® aligners offer an esthetic alternative to conventional 

braces.

• Aligners are nearly invisible so many people won’t realize you 

are in treatment.

• Treatment plans can be visualized through the ClinCheck® 

software.

• Aligners allow for normal brushing and flossing tasks that are 

generally impaired by conventional braces.

• Aligners do not have the metal wires or brackets associated 

with conventional braces.

• The wearing of aligners may improve oral hygiene habits 

during treatment.

• Invisalign patients may notice improved periodontal (gum) 

health during treatment.

RISKS AND INCONVENIENCES
Like other orthodontic treatments, the use of Invisalign® 

product(s) may involve some of the risks outlined below: 

(i) Failure to wear the appliances for the required number of 

hours per day, not using the product as directed by your doctor, 

missing appointments, and erupting or atypically shaped teeth 

can lengthen the treatment time and affect the ability to achieve 

the desired results; 

(ii) Dental tenderness may be experienced after switching to the 

next aligner in the series; 

(iii) Gums, cheeks and lips may be scratched or irritated; 

(iv) Teeth may shift position after treatment. Consistent wearing 

of retainers at the end of treatment should reduce this tendency; 

(v) Tooth decay, periodontal disease, inflammation of the 

gums or permanent markings (e.g. decalcification) may occur if 

patients consume foods or beverages containing sugar, do not 

brush and floss their teeth properly before wearing the Invisalign 

products, or do not use proper oral hygiene and preventative 

maintenance; 

Notice to treating office: This form is to be signed by your Invisalign® 
patients prior to treatment and kept for your records and should not be 
sent to Align Technology, Inc.



 114 

 

 



 115 

 

 
 



 116 

Appendix 3 
Raw data 
 
 
  



 117 

Appendix 4 
Journal article and submission confirmation 
 

 
Predictability of deep bite correction with Invisalign 
Catherine Fontaine-Sylvestrea; Robert Drummondb; Luis Piedadec; Reynaldo Todescan Jrd 

 
a Graduate Orthodontic Resident, Department of Preventive Dental Science, Division of Orthodontics, 
College of Dentistry, University of Manitoba, Winnipeg, Manitoba, Canada. 
 
b Assistant Professor, Graduate Orthodontic Clinic Director, Department of Preventive Dental Science, 
Division of Orthodontics, College of Dentistry, University of Manitoba, Winnipeg, Manitoba, Canada. 
 
c Assistant Professor, Department of Preventive Dental Science, Division of Orthodontics, College of 
Dentistry, University of Manitoba, Winnipeg, Manitoba, Canada. 
 
d Assistant Professor, Department of Restorative Dentistry, College of Dentistry, University of Manitoba, 
Winnipeg, Manitoba, Canada. 
 
Corresponding author: Dr. Catherine Fontaine-Sylvestre, c/o Robert Drummond, Department of 
Preventive Dental Science, Division of Orthodontics, School of Dentistry, University of Manitoba, 790 
Bannatyne Avenue, Winnipeg, Manitoba, R3E 0W2, Canada. 
E-mail: fontai47@myumanitoba.ca  
 
 
 



 118 

ABSTRACT 
Objective: To investigate the predictability of deep bite correction with Invisalign. 

Materials and Methods: This retrospective study included 60 adult patients treated with Invisalign. Pre- 

and post-treatment digital models acquired from an iTero scan were obtained from a single orthodontic 
practitioner. The ClinCheck models of the final predicted outcome were obtained from Align Technology. 

Linear values of pre-treatment, prediction and post-treatment overbite were measured. A paired t-test (P < 

0.05) was used to compare overbite changes planned by the ClinCheck with overbite corrections obtained 

clinically. A Spearman correlation coefficient was used to determine if larger overbite corrections predicted 

were correlated with poorer prediction accuracies. Variance ratio tests were used to determine if the severity 

of pre-treatment overbite, the number of active aligners, the bite opening mechanisms programmed in the 

ClinCheck, and the mandibular premolars attachments significantly affected the prediction accuracy. 

Results: There was a statistically significant difference between the ClinCheck prediction and the clinical 
final outcome regardless of the pre-treatment deep bite severity (P < 0.05). Requesting larger overbite 

correction in the ClinCheck did not significantly affect the accuracy (ρ = 0.049). Variance ratio tests were 

not significant (P > 0.05), except for cases programmed with mandibular incisor proclination (P < 0.05). 

Conclusion: The mean prediction accuracy of deep bite correction using Invisalign was 37.67 %. 

Programming mandibular incisor proclination seems to improve the prediction accuracy. Since the 

ClinCheck software significantly overestimates vertical changes, overcorrection of the finished occlusion is 

indicated.  

 
 

INTRODUCTION 
The Invisalign system involves a series of customized removable clear plastic aligners that move teeth 

incrementally. The Invisalign trays are made of 0.75 mm thick polyurethane1,2, and each of them can 

generate 0.25 to 0.33mm of tooth movement3.The patient’s compliance is a key factor for treatment success 

since the appliance has to be worn for a minimum of 22 hours a day to be effective2. Align Technology uses 

the stereolithographic technology and CAD/CAM laboratory techniques to fabricate their aligners4,5. 
 

Deep overbite is one of the most common malocclusions encountered in the general population. Overall, it 

is estimated that deep bite represents about 95.2% of vertical occlusal problems5. If left untreated, an 

excessive overbite has the potential to cause harmful effects on the dentition, function, esthetics, 

surrounding periodontium, and TMJ6,7,8,9. 

 

Deep bite correction can be very challenging with Invisalign4,10. Several practitioners anecdotally noticed 

that clear aligners tend to induce deepening of the bite11. Although some studies didn’t support this idea11,12, 
it was suggested that the layer of plastic covering the posterior teeth could act as a posterior bite-block, 

resulting in a reduction of the posterior vertical dimension and increase in overbite13,14. To assure better 
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predictability of deep bite correction, Align Technology launched the G5 Deep Bite Protocol in February 

201415. The innovations include pressure areas, precision bite ramps and optimized deep bite attachments.  

 

It has been estimated that 70% to 80% of patients treated with Invisalign may need mid-course corrections, 
refinements or conversion to fixed appliance to achieve optimal result16. Midcourse corrections and 

refinements lead to longer treatment time, increased chair time and increased material demand for the 

orthodontist17. Discrepancies between the predicted and final result can arise from the clinician’s lack of 

experience with the technique, the software limitations or the lack of patient compliance5.  

 

As of today, nine studies have focused on the predictability of Invisalign18. In a prospective study conducted 

by Kravitz and colleagues, the mean accuracy of tooth movement in the anterior region with Invisalign was 

found to be 41%16. In their retrospective studies, Krieger and colleagues reported that vertical tooth 
movements were the most difficult to achieve with Invisalign4,10. Overbite was the least accurate parameter 

and showed the lowest prediction accuracy. Khosravi and colleagues concluded that Invisalign was 

successful at improving deep bite primarily through mandibular incisor proclination11. 

 

To date, no studies have focused yet on the predictability of deep bite correction using Invisalign. Since the 

demand for esthetic orthodontic treatment is increasing in adults and that correcting deep bite is an almost 

routine part of orthodontic treatment in this population, it is in the clinician’s best interest to better understand 

the predictability of its correction with clear aligners. The present study analyzes the extent to which the 
final overbite predicted by the ClinCheck corresponds to the clinical overbite achieved at the end of 

treatment. A better understanding of deep bite correction accuracy could help the orthodontist to better 

anticipate the need and extent of overcorrection and auxiliary treatments, limit the number of refinements, 

midcourse corrections, and reduce overall treatment time. 

 
 
MATERIALS AND METHODS 
This retrospective study received ethics approval from the Bannatyne Campus Research Ethics Boards at 

the University of Manitoba on May 24th 2017. 

 

The study sample consisted of 60 adult patients who had undergone dual-arch orthodontic treatment 

exclusively with Invisalign. The sample was obtained from a single orthodontic specialist experienced with 

the Invisalign technique. The collected records included (1) patient age at the start of treatment, (2) patient 

gender, (3) number of active aligners used, (4) number of optimized deep bite attachments on the lower 

premolars, (5) number of attachments of any type on the lower premolars (6)  ClinCheck “Tooth Movements 
Table” providing information about the amount of anterior intrusion, posterior extrusion and incisor 

proclination planned by the software, and (7) the three .stl files required. 
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Records needed for this study were acquired randomly for patients meeting the inclusion and exclusion 

criteria. Adult patients treated exclusively with Invisalign after February 2014 presenting a pre-treatment 

overbite greater than 3 mm, crowding of less than 6 mm with good compliance were included in this study. 
Those requiring auxiliary treatment, anteroposterior change (inter-arch elastics), extensive space closure, 

extractions, surgery, and midcourse correction were excluded. The study sample included 40 females and 

20 males with a mean age of 33 years, ranging from 18 to 55 years. This study only emphasized on the 

first series of aligners and no refinements were included. The patients were instructed to wear each aligner 

22 hours a day, every day for 2 weeks. Based on the magnitude of pre-treatment overbite, the study sample 

was stratified into groups of mild (3 to 4.5mm), moderate (4.6 to 6mm), and severe overbite (6mm or 

impinging). Patients received either Invisalign Express 10 (10 aligners), Assist (13 aligners) or Full (more 

than 13 aligners) treatment. 

Pre- and post-treatment digital models (.stl files), generated from an iTero digital scan, were obtained for 

every participant. The models predicting the final outcome, which corresponded to the last worn aligner by 

the patient on ClinCheck, were requested directly from Align Technology. The digital .stl files from the iTero 

and the ClinCheck were uploaded in OrthoAnalyzer (3Shape®, Copenhagen, Denmark) software. Linear 

values of overbite were measured by the primary investigator using the digital caliper provided by the 
software. The software offers a suggested 2D cross-section plane that can be zoomed in. In this study, 

overbite was defined as the greatest vertical distance (mm) between the incisal edge of the maxillary incisor 

and the incisal edge of the mandibular incisor perpendicular to the occlusal plane. For each subject, the 

overbite was consistently measured in hundredth of millimeters at 3 different timepoints: (1) Initial overbite 

on pretreatment digital models, (2) Target overbite on the predicted final digital models (ClinCheck), and 

(3) Final overbite on the posttreatment digital models (refinement scan). The same maxillary and 

mandibular incisor landmarks of the corresponding pre-treatment, post-treatment and prediction models 

were used for each patient (Figures 1 and 2). 
 

To test the intra-examiner reliability, 20% of the sample size was randomly chosen to be measured again 

2 weeks after the first assessment (Houston 1982). The intra-examiner reliability was assessed with an 

intraclass correlation coefficient (ICC).  

 

The data of this study was analyzed using the SAS System® version 9.4 software (Cary, NC, USA). A 

paired t-test was used to compare the predicted overbite measurement and the overbite measurement 
achieved clinically at the end of the first series of aligners. The level of significance was set at 5%. A 

percentage of accuracy of tooth movement was calculated to quantify the amount of overbite correction 

obtained clinically relative to the amount of change planned by ClinCheck. The calculation of prediction 

accuracy was: 100 x Actual correction / Predicted correction. A Spearman correlation coefficient was used 

to determine if larger overbite corrections predicted were correlated with poorer prediction accuracies. One-
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way analysis of variance (ANOVA) tests were used to determine if the extent of pre-treatment overbite, the 

number of aligners, a specific type and number of programmed bite opening mechanics, and the number 

and type of mandibular premolar attachments were correlated with different prediction accuracies.  

 
 

RESULTS 
The ICC test showed almost perfect agreement with regards to intra-rater reliability, with a score of 0.99.  

 

Table 1 shows the distribution of the different treatment modalities among the three deep bite groups. Forty-

one percent of the sample was in the mild overbite group. Near half the sample was treated with 13 aligners 

(Invisalign Assist). In the severe overbite group, 37% underwent Invisalign Full treatment. The most 

programmed bite opening mechanism was lower incisor intrusion. More than half of the sample (62%) had 
3 or 4 bite opening mechanisms programmed in the ClinCheck. Sixty-three percent of the total sample had 

attachments on all four mandibular premolars. Twenty-two percent of the sample had no optimized deep 

bite attachments included in their setup. None of the subjects had 4 optimized deep bite attachments. 

 

As listed in Table 2, the mean pre-treatment overbite value of the studied sample was 4.60 mm (SD = 1.05). 

A mean 2.55 mm (SD = 1.17) overbite correction was predicted by ClinCheck. The mean post-treatment 

overbite obtained clinically was 3.60 mm (SD = 1.09). However, an overbite correction of 1.00 mm (SD = 

0.79) was achieved overall clinically. The mean prediction accuracy of deep overbite correction for the total 
sample was 37.67% (SD = 34.42). 

 

Results from Table 3 reveal that for every overbite group, there was a statistically significant difference 

between the predicted overbite as per ClinCheck and the overbite obtained clinically (overall P < 0.001).  

 

As listed in Table 4, the overall Spearman correlation coefficient (ρ = 0.049) shows that there was no 

relationship between the magnitude of predicted overbite correction and the prediction accuracy.  
 

Figure 3 shows there was a statistically significant difference (P = 0.0102) between the amount of predicted 

overbite correction within the mild, moderate and severe overbite groups. However, no statistically 

significant differences in prediction accuracy were found between the three overbite groups (P = 0.2769). 

 

As displayed on Figure 4, no statistically significant difference in accuracy was found between subjects 

treated with Invisalign Express 10, Invisalign Assist and Invisalign Full treatment (P = 0.3538).  
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As listed in Table 5, statistically significant differences were found in subjects with lower incisor intrusion (P 

= 0.0004) and lower incisor proclination (P = 0.0248) programmed in ClinCheck. No statistically significant 

differences were found in the other mechanisms (P > 0.05). 

 

Figure 5 shows that the accuracy was improved with a greater number of bite opening mechanisms, but 

this was not statistically significant (P = 0.5339). 

 

Figures 6 and 7 show that there were no statistically significant differences in accuracy with an increased 

number of attachments (P = 0.9276) and optimized deep bite attachments (P = 0.3385). 

 

 

DISCUSSION 
The main purpose of this study was to investigate the predictability of deep bite correction using Invisalign. 

To date, there is a limited number of studies comparing the ClinCheck prediction and the treatment outcome 

in the orthodontic literature 4,10,16,18,19,20,21. A few assessed the overbite parameter4,11,16,20, but none of them 

have specifically focused on the accuracy of deep bite correction.  

 

Our results showed large discrepancies between the predicted and clinical overbite correction. Overall, 
37.67% of the planned vertical changes were clinically expressed throughout the first series of aligners. 

The ClinCheck software was not able to accurately predict the correction that would occur. These results 

correlate with the previous literature stating that the ClinCheck tends to overestimate the quality of the 

finished occlusion16,19,20. 

 

Kravitz and colleagues16 reported an overall mean accuracy of tooth movement of 41%, which is similar to 

our results. They also highlighted that intrusion was more predictable than extrusion in the anterior region. 
The lowest intrusion accuracy was achieved by the maxillary lateral incisors. Our results also correlate with 

Krieger’s studies4,10 , who suggested that the overbite parameter was the least predictable to correct and 

that the vertical dimension was the most difficult to control with clear aligners. They also reported that 

additional refinements and overcorrection may be necessary. The prediction accuracy found in our study 

for overbite correction (37.7%) was higher than Krieger’s (14.3%). This could be partly explained by the 

fact that our study was conducted after the introduction of the G5 deep bite protocol in 2014.  

 

In this study, the prediction accuracy was significantly improved when lower incisor proclination was 
programmed in the ClinCheck software in contrast to when it was not (P = 0.0248) (Table 5). Mandibular 

incisor proclination was also previously reported to be the primary bite opening mechanism using 

Invisalign11. Relative intrusion occurring concomitantly with proclination is considered as a predictable 



 123 

movement with Invisalign22. This suggests that deep bite cases requiring labial movement of the lower 

incisors might be more predictable to correct.  

 

In this study, the accuracy was found to be unrelated to other planned treatment modalities. Our results 
indicate that the magnitude of anticipated correction, the number of aligners, the bite opening mechanisms 

and attachments do not significantly affect tracking. However, the lack of association between the prediction 

accuracy and the factors mentioned should be interpreted with caution. A large variability was found in the 

general prediction accuracy (mean SD ± 34.42). The presence of outliers might have also affected the 

results. Additionally, the different groups within each treatment category were not evenly distributed in 

number. Also, most of the sample was treated with less than 13 aligners. Moreover, the more severe cases 
had longer treatment time and higher number of proper retentive attachments in general. Also, most 

subjects (75%) had either 1 or 2 optimized deep bite attachments and 22% had no optimized deep bite 

attachments. The optimized hierarchical attachment placement was likely followed and not substituted. 

Although the G5 protocol is specifically designed for deep bite for deep bite cases, it relies on the clinician 

to virtually substitute for optimized deep bite attachments providing adequate vertical control.  

 
Our findings indicate that deep bite prediction accuracy seems to be low with Invisalign. This study 
highlights important limitations of the Invisalign software; therefore, specific strategies should be employed 

to overcome them. As suggested by several investigators2,3,4,10,21, the addition of auxiliaries may help 

maximizing overbite reduction. Furthermore, in order to achieve the anticipated result, it has been 

recommended to build overcorrection in the finished occlusion4,10,16,19,22,23. Adequate incisor torque is 

mandatory in obtaining proper overbite correction9,22. Since torque control can be more challenging in cases 

requiring space closure, the clinician might want to be prudent when opening the bite in such situation. The 

power ridge feature may help achieving proper palatal root torque. Knowing the limitations of the Invisalign 

system may help reducing the number of midcourse corrections and refinements needed. However, when 
correcting severe deep bite, the clinician should expect a longer treatment time and additional mechanics 

to achieve an excellent clinical result. 

 

This study should be interpreted within its limitations. Our findings cannot be generalized and may not 

reflect a typical course of deep bite treatment. First, this study only focused on mild to moderate crowding 

cases exclusively requiring correction in the vertical plane; subsequently, cases involving multidimensional 

correction might have a different predictability. Moreover, the emphasis was made on the first round of 

aligners and no refinements were included. Furthermore, the vast majority of the sample had a minimal 
number of optimized deep bite attachments. Additionally, since a wide variety of mechanics and 

attachments can be employed for overbite correction, predictability may differ from one clinician to another.  

 

Despite the limitations, this study advances the scientific knowledge of deep bite correction using Invisalign.  
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Our findings highlight what can be accomplished with aligners and, therefore, may aid in better planning 

treatment for these cases. This study was designed to assess the predictability, not the efficacy of deep 

bite correction. Tooth movements that occurred clinically were not evaluated. 

 
CONCLUSIONS 
- The mean prediction accuracy of deep bite correction using Invisalign is 37.7%. 

- The ClinCheck software significantly overestimates overbite improvement. 

- Requesting a larger overbite correction does not seem to lead to poorer tracking. 

- Programming mandibular incisor proclination in the ClinCheck seems to improve the prediction 

accuracy. Thus, deep bite cases with retroclined lower incisors and crowding resolved by increase in 

arch perimeter may be more predictable to correct.  

- Overcorrection, additional retentive attachments for vertical anchorage and auxiliary methods may 
help reduce the rate of midcourse corrections and refinements. 
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FIGURE LEGENDS 
 
Figure 1. Maxillary incisor landmark. (Left) Pre-treatment landmark. (Middle) Target landmark. (Right) Post-

treatment landmark. 

 

Figure 2. Mandibular incisor landmark. (Left) Pre-treatment landmark. (Middle) Target landmark. (Right) 
Post-treatment landmark. 

 

Figure 3. Distribution of prediction accuracy (%) as a function of pre-treatment overbite. 

 

Figure 4. Distribution of prediction accuracy (%) as a function of number of aligners. 

 

Figure 5. Distribution of prediction accuracy (%) as a function of the number of bite opening mechanisms 
programmed in ClinCheck. 

 

Figure 6. Distribution of prediction accuracy (%) as a function of number of mandibular premolar 

attachments. 

 

Figure 7. Distribution accuracy (%) as a function of the number of optimized deep bite attachments. 

 
 


