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Abstract

:

Aim: The purpose of the present study is the three-dimensional (3D) analysis of molar and incisor movements that occur during the correction of the upper midline deviation by using the Mesial-Distalslider appliance. Materials and Methods: A total of 20 consecutive patients (12 women and 8 men; mean age 19.6 ± 11.1 years) were selected from the Orthodontic Department of Heinrich-Heine University of Düsseldorf. To correct the upper midline deviation (>2 mm), the patients were treated with asymmetric mechanics (mesialization on one side and distalization on the contralateral side) with the aid of Mesial-Distalslider. Dental casts were taken for each patient before (T0) and after the treatment (T1). The casts were 3D digitized and the models were superimposed on the palatal anterior region. Three-dimensional molar movements and sagittal incisor movements (proclination and retroclination) were assessed for T0 and T1. Results: At the end of the treatment, the total movements of the molars resulted in 4.5 ± 2.2 mm (antero-posterior direction), −0.4 ± 2.4 mm (transverse direction) and 0.3 ± 0.9 mm (vertical direction) on the mesialization side, and −2.4 ± 1.7 mm (antero-posterior direction), −0.5 ± 1.5 mm (transverse direction) and 0.2 ± 1.4 mm (vertical direction) on the distalization side. Incisor displacement was 0.9 mm ± 1.7 (mesialization side) and 0.6 mm ± 0.7 (distalization side). Conclusion: The Mesial-Distalslider appliance could be considered a valuable tool in orthodontic treatment for upper midline correction. Within the limits of a retrospective study, asymmetric molar movements appeared possible without clinically relevant anchorage loss.
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1. Introduction


Midline deviation, one of the most challenging problems orthodontists encounter, may be observed in all types of malocclusions [1]. Very often, a lack of midline correspondence is observed between the upper and lower arches, or even if they correspond, they may not be symmetrically placed on the face [2]. “The upper dental midline is defined as the line passing through the contact points between the upper central incisors or the midpoint of the space between them in case of presence of the midline diastema and perpendicular to the upper occlusal plane” [3]. Arnett and Bergman [4] reported that the philtrum is the best reference point to be used in order to detect the facial midline.



Beyer et al. [5] noted that the majority of individuals can effectively discern midline discrepancies of 2 mm or more. This point of view is corroborated by Johnston et al. [6], who determined that a substantial number of orthodontists are inclined to detect dental and facial midline differences of 2 mm or more. An increase in the limit of acceptability was reported in the study of Ker et al. [7], who suggest that non-experts, of which one-third consider acceptable a threshold of 4.3 mm, perceive the highest acceptable threshold for upper dental midline deviation from the facial midline to be 2.9 mm.



In order to correct midline deviation, the first step in the diagnosis and treatment planning of all patients should be a correct differential diagnosis for the identification of these asymmetries, which are to be differentiated from a dental or a skeletal origin. It is only then that the clinician can make a valid decision concerning a correct treatment approach [8].



After establishing that the origin of the deviation is dental, it is necessary to identify whether the problem affects the upper and/or lower arch.



According to the study by Chrapla et al. [9], dental asymmetry, and subsequently, esthetic issues, can also arise from the differing dimensions of incisors and canines between the right and left sides. The ideal proportion between the left and right sides is observed in only 30% of individuals, with the maximum difference in lateral incisor width being 1.62 mm [10].



In our study, the examined patients presented with an upper midline deviation while the lower midline remained centered with the face. The aim of the present study was the three-dimensional (3D) analysis of molar and incisor movements that occur during the correction of the upper midline deviation using the Mesial-Distalslider appliance.



A predictable anchorage control is essential to preserve the lower midline and prevent undesirable buccal or lingual tipping of the maxillary and mandibular incisors during asymmetric mechanics [3,8]. In the last decade, there has been a surge in the use of mini-implants as temporary anchorage devices to provide reliable anchorage (TADs) [11,12,13,14]. These devices allow stable intraosseous anchorage [15].



The philosophy underlying skeletal anchorage is based on the idea that if the reactive forces can be absorbed by skeletal structures, tooth movement can be confined to the desired orthodontic movement, thus preventing undesirable reactive side effects.



The Mesial-Distalslider appliance, coupled with two mini-implants placed in the anterior area of the palate, has emerged as a highly recommended solution for this kind of treatment. This innovative appliance is designed to facilitate controlled mesial and distal tooth movement [16].



However, to the best of our knowledge, there are no quantitative assessments regarding the treatment effects associated with the Mesial-Distalslider appliance to correct the upper midline deviation.




2. Materials and Methods


The protocol of the present study was reviewed and approved by the ethics committee of Heinrich Heine University of Düsseldorf (No. 2023-2673). A total of 20 consecutive patients (12 women and 8 men with a mean age of 19.6 ± 11.1 years) were selected from the Department of Orthodontics at the University of Düsseldorf.



Patients were recruited according to the following inclusion criteria: upper midline deviation > 2 mm with an asymmetric dental arch. The exclusion criteria were as follows: craniofacial syndromes, systemic diseases or comorbidities, moderate or severe periodontitis, and pharmacotherapeutic exposure with possible effects on bone metabolism. The diagnosis was carried out through an evaluation of all available diagnostic records such as pictures, orthodontic models, and radiographs. The patients were treated with the Mesial-Distalslider (TADMAN, Gunningen, Germany) during the first phase of their overall orthodontic treatment (Figure 1).



2.1. The Appliance


The Mesial-Distalslider is a mini-implant-borne appliance that uses the Beneslider mechanism for upper molar distalization [17,18] and the Mesialslider mechanism for upper molar mesialization [19], thus facilitating simultaneous distalization and mesialization movements [20,21]. The mesialization force is applied by using a nickel titanium closing spring (200 g), secured by an activation lock that is mesially pushed, while the distalization force is applied in children by using a nickel titanium open-coil spring of 240 g and of 500 g after eruption of the second molars with the activation lock distally pushed. Follow-up visits are planned every four to six weeks. If, after several months, excessive friction is noted along the mesialization side, elastic chains can be included. The premolars and canines will gradually move distally along the distalization side, leading to the development of small diastemas, while the premolars are pushed mesially on the opposite side. In some cases, the Mesial-Distalslider can be employed concurrently with bonded brackets or with aligners [22].



Dental casts were taken for each patient before (T0) and after the treatment (T1).



At first, the casts were 3D digitized using an intraoral scanner (3Shape Trios 3, Copenhagen, Denmark), followed by the superimposition of the models performed on the anterior region of the palate. The reconstruction and superimposition of the 3D digital models were carried out using the open-source 3D modeling software Blender (Version 3.6.2.) (Figure 2a,b).



All the processes were performed by two different investigators (M.E.D.F. and M.K.).



The T0 dental models were aligned to the occlusal plane defined by the mesiobuccal cusps of the first molars and the midpoint between the central incisors. Subsequently, a course alignment of the T1 models to the T0 models was performed manually. The fine alignment involved matching the palatal structures (rugae and palatal slope) using the iterative closest point (ICP) algorithm [23]. The alignment was restricted to an area in the anterior palate that is typically not affected by tooth movements [24,25,26,27,28,29].



Landmarks were identified at the mesiobuccal cusp of the upper first molars to analyze antero-posterior, transversal, and vertical movements along the y-, x-, and z-axes, respectively. In addition, the midpoint on the edge of the upper central incisors was designated to assess the proclination and retroclination along the y-axis. The reference points were marked with blue dots (T0) and with red dots (T1) on the digital models (Figure 3a,b).



The changes in the translation of each tooth between pretreatment (T0) and posttreatment (T1) models were measured in mm through lines connecting landmarks.



Movement in the positive direction along the y-axis indicated mesial movement, while positive values in the x- and z-axes indicated expansion and extrusive tooth movements, respectively. Negative values in the x-, y-, and z-axes indicated constriction, distal movement, and intrusion of the tooth, respectively. Prior to the orthodontic treatment, written informed consent was obtained from all of the participants.




2.2. Statistical Analysis


The statistical analysis was performed using the SPSS 20.0 statistical software package (SPSS Inc., Chicago, IL, USA). In order to assess the normality of the distribution of the data, the Shapiro–Wilk test was utilized. Continuous variables were presented as mean and standard deviation, and categorical variables were expressed as counts. The Spearman rho’s coefficient was employed to analyze the correlation between the variables of molar and incisor movements. All statistical analyses reported the probability that the values were two-tailed, and a p value < 0.05 was considered statistically significant.




2.3. Case Description


A 25-year-old male presented in our clinic for a consultation. He presented good general health and no systemic or congenital disease. His face, from a frontal view, appeared well-proportioned in the three-thirds with the upper midline deviated with respect to the face. From a lateral view, the patient showed a concave profile. Panoramic, lateral headfilm and dental cast records were taken. No clinical symptoms on articular examination were detected.



The cephalometric analysis showed a skeletal Class I with a tendency of class III (ANB 3.5°/Wits appraisal, −1.6 mm), hypodivergent pattern (SNˆGo-Gn 25.9°), and a retroclination of the upper and lower incisors. As regards intraoral examination, the patient revealed a Class II subdivision with a molar and canine Class II relationship on the right side and a molar and canine Class I relationship on the left side. He also presented normal overbite and overjet. (Figure 4)




2.4. Treatment Objectives and Alternatives


Two treatment options were considered, as follows:




	
The first option, corresponding to our choice, involved the distalization of the upper right quadrant in order to reach the molar and canine Class I occlusion and to correct the upper midline deviation. At the same time, it involved the mesialization of the upper left quadrant in order to close the spaces opened during the treatment.



	
The second option involved the extraction of the upper right first premolar in order to correct the Class II canine relationship and the deviation of the upper midline.








The first phase started with the use of the Mesial-Distalslider appliance (Figure 5). Two 2 × 9 mm mini-implants (Benefit system, PSM Medical Solutions, Gunningen, Germany) were placed in the anterior palate, and the Mesial-Distalslider appliance was placed and activated. The upper right first premolar was connected to the upper right first molar through an elastic chain for faster and more controlled movement during the distalization mechanics.



After 12 months of treatment with the Mesial-Distalslider, full-arch fixed appliances were bonded in the upper arch after a Class I molar relationship was achieved and a space appeared mesial to the upper right first premolar (Figure 6).



Two archwires (0.016 NiTi and 0.016 × 0.022 NiTi) were utilized to progress to the working archwire, 0.018 × 0.025-inch stainless steel. At the end of the distalization, the device allowed for maximum molar anchorage in the first quadrant, moving the upper midline to the right side by using an elastic chain. Following the opening of the space mesial to the upper left canine, the Mesial-Distalslider was activated in the second quadrant to achieve mesialization of the entire quadrant without interfering with the correction of the upper midline. The patient easily adapted to the appliance and especially appreciated its esthetic appearance. After the complete correction, the brackets were removed. The total treatment time was about two years.



The post-treatment records of our patient showed a control in facial esthetics from the frontal perspectives, with a harmonious soft-tissue profile and an improvement in the smile. A molar and canine Class I occlusion was achieved, and the overbite and overjet were controlled. Coordination of the maxillary and mandibular midline was carried out, although the patient’s skeletal and esthetic characteristics remained (Figure 7).





3. Results


A total of 20 consecutive patients with ages ranging from 8 to 49 years were enrolled in this study. All patients requiring correction of the upper midline underwent treatment with the Mesial-Distalslider appliance. The average duration of the slider treatment was 12 months, and the entire orthodontic treatment was carried out in 28 months.



Total molar movements were 4.5 mm (SD 2.2) (antero-posterior), −0.4 mm (SD 2.4) (transversal), and 0.3 mm (SD 0.9) (vertical) on the mesialization side, and −2.4 mm (SD 1.7) (antero-posterior), −0.5 mm (SD 1.5) (transversal), and 0.2 mm (SD 1.4) (vertical) on the distalization side. Incisor displacement was 0.9 mm (SD 1.7) on the mesialization side and 0.6 mm (SD 0.7) on the distalization side (Table 1).



3.1. Mesialization Side


At T0, the mean values for molar positions were −2.7 (SD 4) (antero-posterior direction), 4 (SD 26) (transversal direction), and 5.8 (SD 3.1) (vertical direction). At T1, the mean values were 1.7 (SD 4.5) (antero-posterior direction), 3.6 (SD 24.1) (transversal direction), and 7.7 (SD 1.6) (vertical direction). Regarding incisor displacement, the mean value at T0 was 21.1 (SD 10.4) and at T1, 22.1 (SD 10.7) (antero-posterior direction). The mean differences (T1-T0) were 4.4 (SD 2.2) (antero-posterior direction), −0.4 (SD 2.4) (transversal direction), and 0.4 (SD 0.9) (vertical direction) for molar movements, and 0.9 (SD 1.7) for incisor displacement (Table 2).




3.2. Distalization Side


At T0, the mean values for molar positions were −0,3 (SD 6.3) (antero-posterior direction), −6.7 (SD 25.7) (transverse direction), and +7.1 (SD 1.5) (vertical direction). At T1, the mean values were −2.4 (SD 6.2) (antero-posterior direction), −7.3 (SD 27.1) (transversal direction), and 7.3 (SD 0.5) (vertical direction). Regarding incisor displacement, the mean value at T0 was 25.4 (SD 3.6) and at T1, it was 26 (SD 3.3) (antero-posterior direction). The mean differences (T1-T0) were −2.1 (SD 1.5) (antero-posterior direction), −0.5 (SD 1.5) (transversal direction), and 0.2 (SD 1.4) (vertical direction) for molar movements, and 0.6 (SD 0.7) for incisor displacement (Table 2).



Evaluating the differences among our variables, we observed that in both the mesialization and distalization sides, molars experienced a significant antero-posterior displacement (p = 0.000 and p = 0.006, respectively), with non-significant effects in the transverse and vertical directions.



Furthermore, the results indicate that minimal anchorage loss occurred at the incisal level during mesialization and distalization movements. The extent of distalization was minor, likely to be attributed to the subsequent mesialization of the molars after appliance removal. Hence, future consideration for enhanced anchorage control on the distalization side is warranted to preserve achieved results.





4. Discussion


The aim of this study was to analyze molar and incisor displacement during upper midline correction by using the Mesial-Distalslider appliance. A common indication for this type of appliance is an asymmetric upper arch with a midline deviation resulting from a unilateral missing tooth or a shift of the entire arch toward one side. The treatment of dental asymmetries is recognized as one of the most challenging processes in orthodontics. Moreover, the management of the space closure and the correction of the midline require optimal management of the anchorage. The term “orthodontic anchorage” was initially introduced by Edward Angle, and it is defined as a resistance to unwanted dental movements [30]. The universal desire among orthodontists is to have complete control over anchorage. In fact, the maintaining of proper anchorage control is crucial to achieving an ideal Class I relationship while conducting the asymmetrical movements. Systematic reviews and meta-analysis [31] demonstrated that the use of mini-implants is strongly recommended in case maximum anchorage is required. Moreover, their use is associated with a shorter treatment duration. Without implant anchorage, appliance complexity and biomechanics demands would be much greater. Moreover, these devices rely on primary stability (mechanical retention), which makes them immediately loadable, simple, and less invasive to remove [32,33].



As far as the treatment of midline deviation is concerned, no studies have been conducted to date to analyze three-dimensional molar movements and incisor displacement. In our study, changes in pre-treatment and post-treatment positions of landmarks were carefully examined by breaking up these variations into x-, y-, and z-coordinates, which represent tooth movements along the transverse, antero-posterior, and vertical directions. The measurements were carried out through the models’ superimpositions in the anterior region of the palate, recognized as a stable region in the literature [25,26,27,28,29]. Patients with dentoalveolar asymmetries often present some of the most biomechanically difficult situations. These cases may require various therapeutic options, including combined orthodontic–surgical treatments. In cases where patients decline orthodontic–surgical intervention, another approach can involve dental extractions, as reported in a clinical case by Rebellato et al. [34]. A similar approach was described by Ciavarella et al. [35], who successfully treated a patient with premolars extractions, coils, and laceback, avoiding the use of mini-implants. Treatment outcome was also possible due to patient compliance. Nevertheless, in extraction cases, two main situations have been identified: anchorage loss of molars during space closure after premolar extraction, and anchorage loss in the incisor or premolar region during distal movement of molars.



Conventional methods may lead to undesirable effects, such as molars constriction or expansion during mesialization and distalization mechanics. Additionally, along the mesialization side, there is a proclivity for incisors to retrocline, while a counter movement (proclination) occurs during distalization mechanics. The introduction of the skeletal anchorage has reduced or minimized this issue, given the counteracting force applied on the skeletal device [36].



In our study, the patients treated using the Mesial-Distalslider appliance exhibited successful mesial displacement of first molars by 4.5 mm (SD 2.2), with minimal transverse and vertical movements of −0.4 mm (SD 2.4) and 0.3 mm (SD 0.9), respectively. The mean upper incisor displacement was 0.95 mm (SD 1.7) on the mesialization side and 0.6 mm (SD 0.7) on the distalization side. These findings align with those presented by Becker et al. [23], who reported no displacements exceeding 0.5 mm in the transverse and vertical directions for both molars and incisors. Lai et al. [37] reported slight bodily intrusion during upper molar protraction with skeletal anchorage. On the contralateral side, a distal displacement of molars by −2.4 mm ± 1.7 was observed, with transverse and vertical movements of −0.5 mm ± 1.5 and 0.2 mm ± 1.4, which indicate constriction and extrusion, respectively. In our investigation, distal molar movement occurred with minimal transverse displacements. During distalization mechanics, several studies have reported mild molar intrusion ranging from 0.3 to 0.7 mm [38,39]. In every mechanics in which the line of action of the force is below the center of resistance, it takes an apical direction, and this intrusive effect could be shown [40]. The movement of the posterior dentition was achieved through ‘pushing’ mechanics of the permanent molars attached to the anterior and/or posterior part of the rail by using the NiTi coil springs which generate a force of 200/240 g. Three patients involved in this study did not exhibit significant movements along the three planes (sagittal, transverse, and vertical). Patients with the most significant antero-posterior movements were patient 13 and patient 17 who presented molar mesialization of 8.4 mm and 6.4 mm, respectively. In both cases, the expansion and extrusion of the moved molars were recorded. With regard to incisors, both patients exhibited incisal proclination. The greatest movement in the mesial and distal direction in the same arch was recorded in patient 2, in which both molars underwent an intrusion and an expansion. With this type of appliance, vertical movements of molars can be planned in the appliance design. The rail can be designed with an inclination that leads to molar intrusion or extrusion based on the desired outcome during distalization and mesialization movements. It allows for excellent three-dimensional management of the molars simultaneously without the need for multiple appliances. Furthermore, incisor displacement was 0.9 mm ± 1.7 on the mesialization side and 0.6 mm ± 0.7 on the distalization side. The results indicate that minimal anchorage loss occurred at the incisal level during mesialization and distalization movements. The incisal proclination during mesialization movement can often be attributed to two factors. The first factor is related to a combination of the palatal device with brackets, and it may be due to a friction between the arch and the brackets that leads to mesialization of the entire arch. In cases of incisal retroclination, simultaneous use of both can be helpful. The second factor may be due to a lack of space in the anterior sector or a lack of diastemas along the mesialization side. In cases where it is necessary to shift the upper midline, it would be advisable to start activation of the device from the distalization side so that the teeth on the mesialization side can smoothly traverse within the arch towards the desired direction. Moreover, the acceptance of adults due to the stability and reliability of mini-implant skeletal anchorage without compliance is being increased. An alternative option to correct midline is the use of intermaxillary elastics. In the literature, several methods recommend the use of intermaxillary elastics, but this approach carries the potential for further side effects in the opposite dental arch. In the study conducted by Lombardo et al. [41], the use of intermaxillary elastics had a double function: the anchorage was used to obtain simultaneous distalization of the molars and to correct the lower midline. Finally, two other case reports [42,43] described how to solve upper midline deviation when associated with maxillary arch deficiency by using different types of Hyrax expanders. Despite the success observed in these case reports, none of these studies considered a large sample of participants and no three-dimensional molar movements were analyzed through digital superpositions in any study. Considering our results, as the counteracting force is applied to the mini-implants in the anterior palate, side effects can be minimized through the utilization of the Mesial-Distalslider. Additionally, it becomes feasible to concurrently address multiple movements, ensuring effective three-dimensional control of the teeth targeted for displacement, and thereby diminishing potential side effects on adjacent structures that remain stationary. We propose the utilization of a partially osseointegrated mini-implant as it facilitates a more straightforward and precise application of force and vector. Since their retention is mostly mechanical, biomechanical factors must be considered indeed they have a higher chance of loosening due to torque or rotational forces under loading [44,45]. Many factors are decisive for their primary stability. These include the insertion angle, bone mineral density (BMD) of the receiver site, screw design, and number of screws used as an anchoring unit [46,47,48,49,50]. This type of implant also enables the application of rotational force without causing dislodgment, thus enhancing overall treatment accuracy. Nevertheless, from a statistical perspective, additional investigations with an expanded sample size should be taken into consideration.




5. Limitations


This study highlights two primary limitations. The first pertains to the absence of a control group, which is attributed to the lack of alternative devices capable of replicating the asymmetric mechanics of the Mesial-Distalslider. Future research might consider comparing mesialization movements using the unilateral Mesialslider and distalization movements using the unilateral Beneslider to address this limitation.



The second limitation is the lack of a sample size calculation. This issue arises because this is the inaugural study to explore this specific type of malocclusion, with no prior studies available for referencing when determining an appropriate sample size. Identifying an adequate sample size could significantly benefit future researchers in this field.




6. Conclusions


The use of Mesial-Distalslider for anchorage is an effective method for the upper midline correction. Furthermore, the biggest advantage of this technique is that patient cooperation is not required, and, in appropriate cases, it reduces the need for compensatory extractions on the distalization side and for dental implants on the mesialization side.



Within the limits of a retrospective study, the asymmetric molar movements appeared possible without clinically relevant anchorage loss.
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Figure 1. Clinical picture of the Mesial-Distalslider appliance. 






Figure 1. Clinical picture of the Mesial-Distalslider appliance.



[image: Bioengineering 11 00450 g001]







[image: Bioengineering 11 00450 g002] 





Figure 2. Cross-sectional view of the superimposed model: (a) sagittal plane; (b) transverse plane. 
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Figure 3. Superimposed pretreatment (purple) and post treatment (green) models: (a) occlusal view; (b) lateral view. Before treatment (blue dot) and at the end of the treatment (red dot). 
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Figure 4. 25-year-old male patient with skeletal class I, upper midline deviation, dental Class II subdivision; (a–c) extraoral pre-treatment pictures: lateral and frontal views; (d–f) intraoral pre-treatment pictures: lateral and frontal views; (g,h) occlusal views: upper and lower arch; (i,l): pre-treatment radiographs: panoramic and lateral cephalogram. 
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Figure 5. The Mesial-Distalslider appliance at the beginning of the treatment. 
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Figure 6. After 12 months of treatment with the Mesial-Distalslider. 
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Figure 7. Final records of the patient after 28 months of treatment; (a–c) extraoral posttreatment pictures: lateral and frontal views; (d–f) intraoral posttreatment pictures: lateral and frontal views; (g,h) occlusal views: upper and lower arch; (i,l): posttreatment radiographs: panoramic and lateral cephalogram. 
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Table 1. Descriptive analysis; y (antero-posterior), x (transversal), z (vertical).
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Mesialization Side






	
Molar Movement (mm)

	
Axys

	
Mean

	
SD

	
Min

	
Max

	
25th

	
Median

	
75th




	

	
y

	
4.5

	
2.2

	
0.0

	
8.4

	
3.1

	
4.9

	
5.8




	

	
x

	
−0.4

	
2.4

	
−5.0

	
4.3

	
−1.4

	
−0.1

	
1.1




	

	
z

	
0.3

	
0.9

	
−1.9

	
1.6

	
−0.2

	
0.4

	
1.2




	
Incisor Movement (mm)

	
y

	
0.9

	
1.7

	
−2.8

	
5.3

	
0.0

	
0.3

	
1.9




	
Distalization side




	
Molar Movement (mm)

	
Axys

	
Mean

	
SD

	
Min

	
Max

	
25th

	
Median

	
75th




	

	
y

	
−2.4

	
1.7

	
−4.6

	
−0.0

	
−4.2

	
−2.4

	
−0.5




	

	
x

	
−0.5

	
1.5

	
−2.9

	
1.4

	
−1.9

	
−0.6

	
1.0




	

	
z

	
0.2

	
1.4

	
−2.0

	
2.4

	
−0.5

	
−0.1

	
1.6




	
Incisor Movement (mm)

	
y

	
0.6

	
0.7

	
−0.4

	
1.8

	
0.1

	
0.3

	
1.3
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