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ABSTRACT 

PURPOSE: to evaluate the arch form changes in Class II Caucasian patients treated with 

Invisalign© (Align Technology, San José, CA, USA).  

METHODS: 27 Class II patients were enrolled for this study. Both maxillary and mandibular 

digital cast were compared at 3 different times: pre-treatment (T0), final step of first 

accepted set-up and retention phase (T2). Each digital model was imported in GOM 

Inspect© software (GOM GmbH, Braunschweig, Germany) to identify the Facial Axis (FA) and 

cusp points and to create a coordinate system. In each model the origin of coordinates was 

locate in the contact point of central incisors and a system of cartesian axes was identified. 

Using the FA points, an average arch form was obtained for each clinical step and then the 

following comparison were performed for each class group: T0-T1, T0-T2 and T1-T2. 

RESULTS: T2 maxillary arch showed a more buccal positioning of most of considered teeth 

(P<0,05-P>0,0001) with respect to T0. In mandibular arch a buccal movement of molars and 

premolars was observed. Transverse dimensions increased from T0 to T2 for all 

measurements in the upper arch and the lower arch. 

CONCLUSIONS: Class II patients treated with Invisalign© aligners results in significant 

increase in arch width at molars and premolars level on both arches, with a significant 

modification also on canines and lateral incisors in the upper arch. Transverse dimensions 

increased in the whole upper and lower arch for Class II and the arch shape was transferred 

from virtual set-up to clinical setting with high accuracy. 

 

INTRODUCTION 

In the last decades, clear aligners orthodontic underwent a considerable technological 

development. Technological innovations resulted in new materials, different aligner-tooth 

interaction thanks to customized, biomechanically optimized attachments and altered aligner 

geometries, and in treatment customization for both orthodontists and patients [16, 21, 22, 

24, 34, 39]. A key aspect is the simulation of the treatment plan using 3D digital models, which 

allows to set the displacement of each tooth and to obtain arch forms that are independent 

from those dictated by orthodontic archwires adopted in conventional fixed orthodontics. 
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Dental position, and the resulting arch form, is the outcome of the interaction between 

perioral muscles and intraoral functional forces guided by the alveolar bone limits [8, 31]. 

Several studies on arch forms have been performed and presented in the existing literature 

[7, 17, 19, 37]. Initially, research teams focused on pursuing the ideal arch form, but no 

significant results were obtained due to the great individual variability. Therefore, various 

authors tried to classify arch forms in different types: squared, ovoid and tapered [13]. 

To improve the accuracy of arch form representation, several authors adopted different 

mathematical formulas: ellipse, parabola, catenary curve, beta functions, Bezier curves and 

quartic polynomial expressions [7, 9, 17, 19, 32, 37, 41]. In particular, the last one seems to be 

the one that best reflects the real arch form [1].  

Considering the individuality of arch form, the identification of factors affecting the arch shape 

is a hot topic in orthodontic literature. Several studies reported a significant correlation 

between ethnicity and specific arch forms [5, 18, 23, 26].  A correlation between Angle class 

malocclusion and arch shape was not revealed; however, Angle class malocclusion seems to 

have effects on the arch width and length [4, 10]. 

Regarding Class II division 1 malocclusion, it is generally accepted that in these patients the 

maxillary dental arches are narrower than those with ideal occlusion [9, 30, 36, 42, 40]; 

however, the agreement on the mandibular arch form is more fleeting. 

Braun et al described that Class II Division 1 lower arch form were narrower and shorter than 

Class I mandibular arch form [9]. Sayin and Turkkahraman assert that mandibular inter-canine 

width is greater in Class II Division 1 arches compared with Class I ideal occlusion arches, 

without significant differences in the widths of molars and premolars between the 2 groups 

[36]. In contrast, few studies argued that mandibular inter-canine widths were similar in Class 

I normal occlusion and Class II Division 1 malocclusion arches, whereas Staley et al stated that 

male subjects with Class I normal occlusion had greater inter-molar widths [2, 40]. Usyal et al 

reported that mandibular inter-canine widths of Class II Division 1 patients were significantly 

larger than patients with normal occlusion [42]. Other studies reported that arch shapes were 

not significantly different in the two groups [4, 30]; however, Nye et al asserted that 

mandibular arches of subjects with Class II Division 1 malocclusion were larger than those of 

Class I normal occlusion ones [30]. 
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The heterogeneity of samples (age, sex, ethnicity) and the adoption of different methods to 

measure and analyse arch form might partially account for these contrasting results.  

Many authors agreed that the preservation of the initial arch form is crucial to reduce the risk 

of relapse, with particular reference to the inter-molar and the inter-canine distances [2, 6, 

15, 17, 27, 30, 38]. However, as highlighted by Lombardo et al, orthodontic archwire shapes 

available on the market does not cater for all the types of natural arch form observed in their 

sample population [29]. 

The customization of arch form is one of the key aspects to preserve long-term results, and to 

optimize aesthetics and function [7, 17]. 

Despite the widespread of aligner orthodontics there are no available data related to the final 

arch shape of patients treated with aligners. In aligner patients, the final arch shape is the 

result of the interaction between the orthodontist and the software technician in the 

development of the initial virtual set-up. Information regarding the buccal limit adopted by 

the technicians in defining the final arch shape are still missing. Furthermore, there are few 

data regarding the reliability of aligners in obtaining the prescribed final arch shape.  

On the basis of these considerations, the aim of present study was to evaluate the arch form 

changes in Class II Caucasian patients treated with Invisalign® (Align Technology, San José, Ca, 

USA) and to evaluate the reliability of aligners in producing the arch shape prescribed with the 

virtual set-up. 

 

MATERIALS AND METHODS 

Digital casts of 102 Caucasian adult patients were collected for this study but only 27 patients 

fulfilled the following inclusion criteria:  

• Complete permanent dentition in both arches 

• No alterations of number and shape of teeth 

• Mesomorphic craniofacial typology (SpP^GoGn= 25°±6°) 

• Crowding ≤ 6mm. 
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The sample consisted of 27 Class II (19 females, 8 males) patients. All the treatment plans 

were designed by the same operator (TC). The Class II patients were treated with upper molars 

distalization with the support of aligners, attachments and class II elastics [14, 33]. Arch shape 

prescription was not provided. 

For this study, both maxillary and mandibular digital casts were compared at 3 different times: 

pre-treatment (T0), final stage of the first accepted virtual set-up (T1) and retention phase 

models (T2). 

To evaluate the arch form, Facial Axis (FA) point of each tooth was identified on 3D models by 

using a freeware mechanical engineering software (GOM Inspect®, GOM GmbH, 

Braunschweig, Germany) [3]. As described by Lee et al, the X-axis and Y-axis of each model 

were set respectively as the transverse and anteroposterior direction on the occlusal view and 

the line perpendicular to these planes was marked as the Z-axis [26]. The contact point of the 

two central incisors was set as the origin of the coordinates. Moreover, the X-axis was adjusted 

to be parallel to the mean inclination of the line that connects the bilateral contact points of 

first and second premolars and second premolars and first molars. The Z coordinates were not 

considered in the dental position comparisons (Figure 1) [26]. 

The inter-canines, inter-premolars and inter-molars distances were collected and analysed. 

Comparisons between T0 and T2 measurements were performed, using canine cusp tip(3-3), 

first (4-4) and second premolar (5-5) buccal cusps and first molars mesial-buccal cusps (6-6) 

as landmarks (Figure 2) [41]. 

 

Statistical analysis 

The two-way ANOVA test was used to compare the arch forms at different timepoints, while 

the Student’ t-Test for paired samples was adopted to compare measurements collected on 

the occlusal view. Statistical significance was set at p<0.05. PRISM (GraphPad Software - San 

Diego, CA, USA) software was used to perform statistical analysis. 

 

RESULTS 
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According to the two-way ANOVA test, significant differences were found in maxillary and 

mandibular mean dental arches comparing pre-treatment (T0), final stage of the first accepted 

virtual set-up (T1) and retention phase models (T2). 

In T0-T1 comparison, T1 showed a wider maxillary dental arch compared to T0. In particular 

significant buccal movements of tooth 16, tooth 15, tooth 14, tooth 13, tooth 12, tooth 22, 

tooth 23, tooth 24, tooth 25 and tooth 26 were detected. Moreover, a mesial movement of 

tooth 14, tooth 24 and tooth 25 was observed (Figure 1, 2 and Table 1, 2) 

In T1 mandibular arch buccal movements of tooth 35, tooth 34, tooth 43, tooth 44, tooth 45 

and tooth 46 and mesial movement of tooth 43 were observed. 

Comparing T0 and T2, T2 maxillary arch showed a more buccal positioning of tooth 17, tooth 

16, tooth 15, tooth 14, tooth 13, tooth 12 and tooth 24 with respect to T0. Furthermore, a 

significant mesial movement of tooth 14 was reported. 

In T2 mandibular arch a buccal movement of tooth 37, tooth 36, tooth 35, tooth 34, tooth 44, 

tooth 45, tooth 46 and tooth 47 was observed (Figure 3, 4 and Table 3, 4). 

In T1-T2 comparison, a more buccal position of tooth 22, tooth 23 and tooth 24 in the maxillary 

arch and a more lingual position of tooth 37, tooth 36 and tooth 47 were observed at T1 with 

respect to T2. No significant differences in mesial-distal dental positions were showed when 

T1 was compared to T2 (Figure 5, 6 and Table 5, 6)  

Regarding transverse dimensions (Table 7), significant differences between T0 and T2 were 

observed for all measurements in the upper arch and the lower arch. 

 

DISCUSSION 

According to the obtained outcomes, Invisalign Class II non-extraction treatment results in a 

significant increase in arch width at molars and premolars level on both arches, with a 

significant modification also on canines and lateral incisors final positions in the upper arch. 

Regarding the modifications in arch width, inter-canine distance remains one of the most 

important assessed parameters with a strong influence on the orthodontic treatment, strictly 

related to long-term stability of treatment results [28]. The results of the present study reveal 

that Invisalign treatment planning was designed without significant changes of the lower 
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inter-canine distance in Class II treatment. This aspect of Invisalign treatment planning could 

be clinically relevant regarding long term stability. As demonstrated by Burke et al in their 

meta-analysis, mandibular inter-canine distance tends to increase for about one to two 

millimetres in each malocclusion during conventional orthodontic treatment with expansion 

of the dental arch as well as with extraction of premolars [20]. However, during retention 

period this distance returns approximately to its original pre-treatment dimension. Long-term 

stability in Invisalign cases was analysed by Kuncio et al. in 2007 [25]. The authors observed a 

greater relapse in clear aligner treatment (CAT) with respect to fixed orthodontics treatment, 

but these differences were not significant. Therefore, on the basis of what mentioned above, 

dedicated trials are encouraged to verify the influence of intercanine width preservation on 

long term stability with CAT. 

Regarding discrepancies between the planned final position and the real final position, 

significant differences were observed for lower molars and for tooth 22, tooth 23 and tooth 

24 on the transversal dimension, while no significant differences were found for arch length. 

However, according to the recent literature, the discrepancy threshold for clinical significance 

on model measuring is 0.5 mm [11]; thus, the only clinically significant differences are the ones 

regarding lower molars, which were moved buccally more than planned, respectively of 0.81 

mm for tooth 37, 0.53 mm for tooth 36 and 0.64 mm for tooth 47. In terms of accuracy, these 

results are consistent with what was stated by Rossini et al in their 2017 review regarding 

efficacy of arch expansion with clear orthodontic aligners [34]. 

Regarding arch width in upper arch, it could be noticed that, with respect to the planned 

movements, there is a noticeable difference between right and left side of the same arch, 

even if not statistically significant. In our opinion, this variation may be related to two factors: 

occlusal features and material’s elasticity. As stated by Cattaneo et al in 2009, occlusal forces 

can affect the expression of orthodontic ones [12]. Thus, transverse positioning of posterior 

teeth may be influenced by occlusal bite force. On the basis of these assumptions, it could be 

stated that if the aligners do not express enough force to overcome the resistance of the 

system, teeth may not achieve the planned positioning even without any fitting problem 

between aligner and teeth. Djeu et al reported that occlusal features may influence the final 

resulting score of treatment with aligners; in particular, the amount of overjet is one of the 

most influencing aspects [16]. The influence of overjet on tooth movement with aligners may 

be related to the increasing of intra-arch undesired tensions, because the incisors area 
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represents the maximum resistance point of the aligner and the buccal inclination of these 

teeth could lead to an increase in aligner stiffness.  

Thus, according to the available literature, occlusal features may have an impact on the 

elasticity of aligners, which increases from the anterior towards the posterior teeth. Thus, an 

excessive flexibility could lead to less force exerted on teeth and to a significant loss in 

accuracy of movements. 

Therefore on the basis of our results we can conclude that even if not prescribed by the 

orthodontist, the arch shape of Class II Division I patients treated with Invisalign aligners 

accordingly to previous published treatment protocols (14,33) undergoes to a significant 

modification, with an increase of the inter-premolar and inter-molar width on both upper and 

lower arches, with lower inter-canine width preservation. Furthermore the arch shape was 

transferred from the virtual set-up to the clinical setting with high accuracy. 

 

 

 

Limitations of the study 

This study presented several limitations; in particular, small sample size, the absence of 

standardization of treatment duration and lack of patient compliance monitoring could be 

identified as the main concerns. Future studies with wider sample sizes and more 

standardization are encouraged to improve level of evidence regarding arch shape obtained 

with clear aligners. 

 

CONCLUSIONS 

• Invisalign Class II treatment results in a significant increase in arch width at molars and 

premolars level on both arches, with a significant modification also on canines and 

lateral incisors in the upper arch. 

• Considering the lower arch as the guide for the final arch shape of the upper one, the 

mandibular inter-canine distance did not undergo any significant change. Therefore, 
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this orthodontic approach might produce functional and stable outcomes accordingly 

to the existing literature. 

• The arch shape was transferred from the virtual set-up to the clinical setting with high 

accuracy. 

•  
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