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Abstract

:

Introduction: This study aimed to evaluate mandibular molar changes after distalization using Class III elastics and modified C-palatal plates (MCPPs) in the maxilla and to use CBCT to specifically analyze the third-molar position after long-term retention in adolescents. Methods: The sample consisted of 65 mandibular third molars from 35 subjects, divided into two groups. Twenty-six of the third molars were from fourteen adolescent patients with Class I bimaxillary protrusion (mean age, 12.8 years) who had undergone bilateral maxillary distalization using an MCPP and mandibular distalization with Class III elastics with non-extraction treatment. For the control group, 39 third molars from 21 Class I normal-occlusion subjects were used. In the treated group, CBCT images were taken before distalization (T1), after molar distalization (T2), and at a long-term observation point (6.1 ± 2.7 years) (T3). Repeated measures ANOVA and a post hoc test with Bonferroni correction were used to analyze significant differences in the positions at the three points in time. Results: There were 2.3 and 1.7 mm of distal movement at the crown of the mandibular first and second molars, with distal tipping of 5.2° and 5.3°, respectively, and 3.0° of distal tipping of the third molars. Comparing the treated group with the control group at T3, there was a significant change in the angulation of the third molars (p < 0.001). In the long-term, the third molars from the treated group showed a downward and buccal position after distalization. Conclusions: In the long term, the developing mandibular third molar buds had downward and buccal positional changes after total arch distalization. These findings suggest the need for clinicians to consider the possibility of the impaction of developing third molars after mandibular total arch distalization in adolescents.
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1. Introduction


Bimaxillary dentoalveolar protrusion is characterized by the flaring of the anterior teeth and facial convexity. The retraction of anterior teeth after premolar extractions has been the standard orthodontic approach to reduce facial convexity [1,2].



Currently, however, temporary skeletal anchorage devices (TSADs) have become an important modality in orthodontics, reducing the need for extraction while allowing the distalization of the maxillary dentition [3,4,5].



A promising non-extraction treatment modality to consider for the correction of bimaxillary protrusion is molar distalization. To reduce bimaxillary protrusion, maxillary molar distalization should be performed concurrently with mandibular molar distalization.



Oh et al. [4] reported that with microimplant-aided sliding mechanics, crowding could be resolved while improving facial esthetics by retracting the lips with the distalization of the maxillary and mandibular posterior teeth without extraction. Chen et al. [6] demonstrated a novel technique to treat bimaxillary protrusion using miniscrews to extract only an impacted third molar without the extraction of the premolars.



In other cases, miniplates, as well as miniscrews, were efficiently used for total mandibular arch distalization. Kook et al. [7] presented improved lip protrusion, and retroclination of the upper and lower incisors was achieved with non-extraction treatment using a modified C-palatal plate (MCPP) and intermaxillary elastics in a bimaxillary patient (Figure 1). Sugawara et al. [1] reported that the miniplate is a useful tool for moving mandibular molars distally to correct anterior crossbite or mandibular anterior crowding.



Further, Yeon et al. [8] evaluated the differences in treatment effects between arch distalization using buccal miniscrews and ramal plates in the mandibular dentition. They suggested that the ramal plates presented more molar distalization than could be achieved with buccal miniscrews.



Traditionally, Class III elastics have been used to correct protrusions of the mandibular dentition. This approach caused the distal tipping of molars, incisor uprighting, and anti-clockwise rotation of the occlusal plane, correcting lower-lip protrusion [9,10], but causing the extrusion and mesialization of the maxillary posterior teeth. To avoid this drawback, He et al. [11] successfully used the multiloop edgewise archwire technique and Class III elastics with mini-implants for a compromised treatment of Class III malocclusion.



During distalization, third molars, which are more likely to become impacted in general, should be the primary concern of clinicians. The eruption space of the third molar is affected by bone remodeling and orthodontic treatment. With the distalization of the maxillary third molars, the use of germectomy prior to applying a pendulum in growing patients has been proposed [12], because non-extraction treatment is significantly associated with increased third-molar impaction rates [13,14].



When Park et al. [15] evaluated the three-dimensional position of the maxillary molars during retention using cone-beam computed tomography (CBCT), they concluded that second molars can fully erupt and that the third molars in both the groups they studied presented a favorable position after distalization. Recently, Kang et al. [16] evaluated the long-term position of erupted third molars after maxillary total arch distalization using MCPPs in adolescents. They reported that maxillary third molars erupt spontaneously over time in spite of their position after distalization.



This is encouraging because prior to mandibular molar distalization, several studies recommended the extraction of the third molar [4,6,17,18]. To the best of our knowledge, no long-term evaluations of the positional changes of mandibular third molars have been reported. In addition, only a few studies have evaluated Class III effects in the mandible using maxillary TSADs as indirect anchorages.



Therefore, this study aimed to evaluate mandibular molar changes after distalization using Class III elastic and maxillary MCPPs as indirect anchorages and to use CBCT to specifically analyze the third-molar position after long-term retention in adolescents.




2. Materials and Methods


This retrospective study was approved by the Institutional Review Board at the Catholic University of Korea (IRB number KC21RISI0767).



The study sample comprised 65 third molars from 35 subjects, divided into two groups. The treatment group included 26 third molars from 14 adolescent patients with Class I bimaxillary protrusion (mean age, 12.8 years), who underwent bilateral maxillary distalization with a modified C-palatal plate (MCPP) and mandibular distalization with Class III elastics at the Department of Orthodontics, Seoul St. Mary’s Hospital, The Catholic University of Korea, between January 2009 and December 2013. CBCT images were scanned at pre- and post-molar-distalization (mean duration, 15.8 months) for evaluation during pre- and post-treatment. Long-term data (mean period, 6.1 years) were extracted from the CBCT images. In addition, there were 21 Class I subjects in the control group with 39 mandibular third molars, of which CBCT images were been taken for purposes other than this research, such as for periodontic treatment or due to pathologic disease (Table 1).



The inclusion criteria of the treated group for this study were: (1) age range of 12 to 14 years, (2) Class I molar with bimaxillary protrusion, (3) unilateral or bilateral development of mandibular third molars, and (4) retention period of more than 4 years. For the comparison with the third-molar position at retention (T3) in treated group, control group included 21 participants with normal occlusion, (1) mean age 21.3 ± 1.6 years, (2) Class I occlusion with a normal overbite and overjet range of 1 to 3 mm, (3) crowding ≤ 2 mm, (4) no asymmetry or crossbite, and (5) the presence of third molars.



An i-CAT computed tomography scanner (Imaging Science International, Hatfield, PA, USA), which had 120 kVp, 47.7 mA, a standard voxel size of 0.4 mm, and a 200 × 400-mm field of view, was used for all patients. An MCPP was used to distalize the maxillary dentition, while Class III elastics were applied to distalize the mandibular dentition.



2.1. CBCT Reference Planes and Measurements


The CBCT imaging results were converted to the Digital Imaging and Communications in Medicine (DICOM) format. These DICOM data were three-dimensionally reconstructed using InVivo software (version 5.3; Anatomage, San Jose, CA, USA) before analyzing. The orientation and measurements were performed by single examiner (K.J).



Repeated measurements were calculated to analyze the intraclass correlation coefficient (ICC). The ICC values showed intrarater reliability ranging from 0.92 to 0.95. In addition, 10 cases were measured by another examiner (JHK) to assess the interexaminer reliability using the ICC test; and the results showed 0.99 of good inter-rater reliability. Landmarks were additionally digitized; the mesiobuccal (MB) and distobuccal (DB) cusps and the distance from the MB cusp of mandibular molar to the horizontal, frontal, and sagittal planes were measured.



As X-axis, the horizontal plane was defined as the plane passing through the menton and parallel to a plane extending through the right and left mental foramen and pogonion.



As Y-axis, the sagittal plane was defined as the plane perpendicular to the horizontal plane at the menton and passing through the B point.



As Z-axis, the frontal plane was defined as the plane perpendicular to both planes and passing through the pogonion (Figure 2).



The distances from the MB cusps of mandibular first, second, and third molars to horizontal, sagittal, and frontal planes were measured. The distances from the frontal plane to each MB cusp of the lower posterior teeth were measured parallel to reference line from pogonion to the superior point of mental foramen.



The positional changes on each plane were assessed by the distance differences pre- and post- distalization, and after long-term retention (Figure 3A).



The angles between the horizontal plane and long axis of first and second molars, which were set as line from the MB cusp to the tip of mesial root, were calculated. The angulation of third molar was defined as the line from midpoint of the crown to that of developing root. The angulation changes of the posterior teeth were analyzed (Figure 3B).



The angles were analyzed between sagittal plane projected on horizontal plane and the crown axis of molars, a line tangential to the MB and DB cusps. The change in rotation of maxillary molars was also measured (Figure 3C and Figure 4).




2.2. Statistical Analysis


With IBM SPSS software, version 26.0 (SPSS Inc., Chicago, IL, USA), post hoc repeated-measures ANOVA (RMANOVA) analysis with Bonferroni corrections was used to evaluate the significance between pre-treatment with post-treatment (P1), between pretreatment and after retention (P2), and between post-treatment and after retention (P3). RMANOVA was used to compare variables between (T3) and the control group for analysis. Differences with probabilities of less than 5% (p < 0.05) were considered statistically significant.





3. Results


Table 2 shows the measurements of each posterior tooth’s angulation, rotation, position, and width at predistalization, postdistalization, and postretention in the treatment group.



The mandibular first and second molars showed significant distal movement, of 2.3 and 1.7 mm (p < 0.05), with distal crown tipping of 5.2° and 5.3° and extrusion of 1.3 and 0.6 mm, respectively, after total arch distalization. Notably, there were no significant changes in the distal tipping of the third molars (Figure 5).



The mandibular first and second molars moved insignificantly mesially by 1.1 and 1.3 mm during the retention period. The first molars showed mesial tipping of 4.5° (p = 0.001) (Table 3).



Comparing the treated group with the control group post-retention, there were no significant differences in the positions of the first and second molars in either group. However, a significant difference was observed in the angulations of the third molars between the treated and control groups, which were 26.3° and 71.4°, respectively (p < 0.001) (Table 4).



Regarding the vertical positions of the third molars, the treatment group showed a more downward position than the control group; the respective values were 19.7 mm and 22.7 mm, respectively (p = 0.002). Furthermore, regarding the evaluation of the transverse position, the treated group had a more buccal position than the control group; the respective values were 39.0 mm versus 35.1 mm (p = 0.001).



Regarding the mandibular intercanine width, the treated group presented a significant increase compared to the control group, of 28.0 mm versus 26.9 mm (p < 0.05).




4. Discussion


Total arch distalization of the mandible in Class I bimaxillary protrusion cases can cause posterior crowding, which, in turn, can change the positions of developing third molars in adolescents [7]. Until now, there were no studies using CBCT to analyze the positional changes of molars after the distalization of mandibular dentition. In this study, mandibular third-molar positions were evaluated in Class III patients treated with elastics and maxillary MCPPs for total arch distalization.



The mandibular first molars of the treated group in our study showed 2.3 mm of distalization, with distal crown tipping of 5.2° and extrusion of 1.3 mm, in patients distalized using Class III elastics. Nakamura et al. [19] demonstrated 3.0-mm distal movement with 6.2° distal tipping with TSADs. Furthermore, Yu et al. [20] reported 3.2-mm distal movement and 4.6° distal tipping with a ramal plate. Our results showed less distal movement compared to the results in other reports because we used Class III elastics instead of TSADs in the mandible.



After post-distalization, the samples in this study consisted of adolescents aged 14.4 ± 1.3 with cervical vertebral maturation stages (CVMSs) of CS3 and CS4 (Table 1). Gu et al. [21] found that the peak increase in mandibular length occurs during this stage. Another report showed that continued accelerated craniofacial growth can be anticipated in the CS4 stage [22]. Interestingly, the treated group and the control group had the same CVMSs, of CS5 and CS6, post-retention, as seen in Table 1.



Orthodontic appliances that produce posterior movement of the mandibular dentition, either through the tipping of individual teeth or through the translation of the dentition, may restrict the space for second and third molars, which can cause impaction of third molars [23,24,25,26].



It is known that the third molars to show mesioangular and unfavorable positions in the long-term. Kinzinger et al. [12] evaluated the treatment outcomes of maxillary third molars during distalization by modified pendulum. The tooth buds of the third molars acted as a fulcra, causing the second molars to tip approximately 8° to the palatal plane after 2.6-mm distalization. In addition, Kang et al. [27] demonstrated this effect by using the three-dimensional finite element method. The presence or absence of third-molar follicles did not significantly affect the movement of the first molars in their study.



Several studies reported that premolar extraction treatment might produce posterior space and reduce the potential of third-molar impaction [28,29]. Regarding the vertical and horizontal positions in our case, the lower third molars in the treatment group showed a more downward and mesial position compared to those in the control group. Accordingly, the potential for third-molar impaction could be high. On the other hand, Kang et al. [16] reported that third molars moved distally and downward or distally and upward after maxillary molar distalization. However, they also demonstrated that maxillary third molars show spontaneous eruption over time, despite their position after distalization.



With regard to the positional changes of third molars after distalization, significant tipping, of 8.9°, was observed in the treated group. To reduce this distinct tipping of second molars during molar distalization, a surgical extraction of the third molar bud was recommended due to fulcrum action [12]. Unfortunately, the study had a limited evaluation immediately after distalization with a few patients in the germectomy group and only used two-dimensional images.



In our study, stable structures were applied in the mandible to evaluate the positional changes in the three stages (pre- and post-distalization and retention). Oh et al. [30] evaluated mandibular and dentoalveolar changes using functional appliances based on the mandibular reference plane with Björk’s structural method on a two-dimensional cephalometric radiograph, while we used CBCT images to analyze a three-dimensional determination of stable structures in the mandible, as seen in Figure 4. Adams et al. [31] showed that three-dimensional evaluations are more precise and accurate than the two-dimensional approach. Nguyen et al. [32] demonstrated that the anterior contour of bony chin at pogonion showed no remodeling, while Chen et al. [33] showed that as a stable structure in the mandible, the mental foramen can be used for regional superimposition in the three-dimensional mandibular evaluation of growing patients. In our study with CBCT images, we used a reference line from the pogonion to the superior point of the mental foramen as stable structures to evaluate the anterioposterior movement of the lower posterior teeth.



Regarding maxillary third molars, the distalization of posterior teeth can occur in adolescents who have retained third molars [27]. Molar distalization has no significant impact on the normal eruption of maxillary third molars, which suggests that surgical removal may not be required prior to distalizing maxillary molars in adolescents with developing third molars [16,34].



Additionally, Chen et al. [35] reported that the increased posterior available space in the mandible was mainly due to bony resorption on the anterior border of the ramus in growing patients. They also found that the average available spaces increased by 1.2 mm in females under the age of 16 and by 1.5 mm in males under the age of 17 per side, annually. Our study found that the mandibular third molars showed a downward and buccal position after distalization in the long-term compared with the control group. This means that clinically, there is a possibility that third molars could be impacted after distalizing mandibular dentition in adolescents.



In addition, periodontal stability is one of the important factors in patients undergoing orthodontic treatment with skeletal anchorage, such as MCPP. Several clinical indicators of oral hygiene and periodontal status are monitored. For example, the plaque index, bleeding on probing, and other biomarkers can be used to assess the periodontal status of orthodontic patients [36,37]. To prevent the loosening of skeletal anchorage as in implant failure, it is recommended to use chlorhexidine-based mouthwash [38]. For long-term success, periodontal care is required throughout orthodontic treatment and in the maintenance phase.



One limitation of our study was that the control group comprised adult patients whose CBCT data were obtained for purposes other than this research, such as for periodontic treatment or due to pathologic disease; the longitudinal sample was limited for ethical reasons. Therefore, the positional changes of their third molars could not be evaluated at each treatment stage, as was possible with the treated group. Furthermore, since the control group in this study had a small number of subjects, the evaluation of third molar angulation is needed in a larger sample with a broad age range. In the future, a study is needed to evaluate longitudinal positions in adolescents to demonstrate the treatment effect after distalization using TSADs in the mandible.




5. Conclusions


We evaluated mandibular molar changes after molar distalization and used CBCT to specifically analyze the third-molar position after long-term retention in adolescents.



	
The first and second molars exhibited distal movements of 2.3 and 1.7 mm, respectively, with distal crown tipping after distalization. There were no significant changes in the angulations of the third molars.



	
The treated group showed a downward and buccal position of the third molars after distalization in the long-term compared to the control group.






These findings suggest that clinicians should consider the possibility of impacted third molars after mandibular distalization in adolescents.
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Figure 1. Schematic drawing of Class III elastics and a maxillary MCPP for total arch distalization. 
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Figure 2. Reorientation of X, Y, and Z reference planes using landmarks: menton; gonion; B point; pogonion; mental foramen. The horizontal plane (X-axis) was the plane passing the menton and parallel to a plane extending through the right and left mental foramen and pogonion. The sagittal plane (Y-axis) was perpendicular to the horizontal plane at the menton and passed through the B point. The frontal plane (Z-axis) was perpendicular to both planes and passed through the pogonion. 






Figure 2. Reorientation of X, Y, and Z reference planes using landmarks: menton; gonion; B point; pogonion; mental foramen. The horizontal plane (X-axis) was the plane passing the menton and parallel to a plane extending through the right and left mental foramen and pogonion. The sagittal plane (Y-axis) was perpendicular to the horizontal plane at the menton and passed through the B point. The frontal plane (Z-axis) was perpendicular to both planes and passed through the pogonion.



[image: Applsci 12 04613 g002]







[image: Applsci 12 04613 g003a 550][image: Applsci 12 04613 g003b 550] 





Figure 3. (A) Position of the mandibular right first molar: (1) Horizontal plane; (2); frontal plane; (3) the distance from the mesiobuccal cusp to the frontal plane (Z); (4) the distance from the mesiobuccal cusp to the horizontal plane (X). (B) Angulation of the mandibular first molar: (5) The angle between the long axis of the first molar (mesiobuccal cusp-mesial root tip) and the horizontal plane (X). (C) Rotation of the mandibular first molar: (6) The angle between the crown axis of the first molar (mesiobuccal cusp-distobuccal cusp) and sagittal (Y) plane projected on the horizontal (X) plane; (7) the distance from the mesiobuccal cusp to the sagittal (Y) plane. 
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Figure 4. Schematic illustration of the measurements. (a–c) Distance between the MB cusp of each tooth and the frontal plane; (d–f) distance between the MB cusp of each tooth and the horizontal plane; (g–i) angulation of each tooth to the horizontal plane. The first and second molar axis were defined as extending through the MB cusp and apex of the mesial root. The third molar axis was defined and extended through the midpoint of the crown and the mesial and distal endpoint of the developing root. 
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Figure 5. Bar graphs of angulation and frontal and horizontal positional changes at predistalization, postdistalization, and long-term retention in the treated group. (A) Angulation. (B) Frontal positional change. (C) Horizontal positional change. 
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Table 1. Baseline characteristics of subjects in the treated and control groups.
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Treated Group (n = 14)

(26 Third Molars in 14 Patients)

	
Control Group (n = 21)

(39 Third Molars in 21 Patients)




	




	

	
Predistalization (T1)

	
Postdistalization (T2)

	
Retention (T3)




	

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD

	
Mean ± SD






	
Age (y)

	
12.8 ± 1.2

	
14.4 ± 1.3

	
20.1 ± 1.4 †

	
21.3 ± 1.6 †




	
Gender

	
Male (n = 7)

	
Male (n = 11)




	
Female (n = 7)

	
Female (n = 10)




	
CVM

	
T1

	
T2

	
T3

	
Control




	
CS2 (n = 5)

	
CS3 (n = 6)

	
CS5 (n = 3)

	
CS5 (n = 4)




	
CS3 (n = 9)

	
CS4 (n = 8)

	
CS6 (n = 11)

	
(n = 17)








Control group was applied only for the comparison with third molar position at retention (T3) in treated group. †: t-test between treated group (T3) and control group, p > 0.05.
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Table 2. Measurements of predistalization, postdistalization and long-term retention treated group.
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Predistalization

	
Postdistalization

	
Retention




	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
Angulation (°)

	

	

	

	

	

	




	
 6 angulation

	
81.45

	
5.36

	
86.60

	
1.88

	
82.15

	
5.44




	
 7 angulation

	
74.90

	
11.18

	
80.18

	
7.77

	
79.37

	
8.87




	
 8 angulation

	
20.95

	
9.72

	
23.93

	
11.93

	
26.33

	
15.31




	
Rotation (°)

	

	

	

	

	

	




	
 6 rotation

	
72.13

	
10.11

	
71.12

	
19.48

	
73.08

	
11.97




	
 7 rotation

	
49.54

	
22.40

	
54.72

	
22.23

	
53.71

	
21.94




	
 8 rotation

	
37.91

	
16.42

	
40.77

	
10.05

	
36.34

	
21.86




	
Position (mm)

	

	

	

	

	

	




	
 6 MB cusp to frontal plane(mm)

	
31.13

	
2.21

	
33.4

	
2.61

	
32.25

	
2.52




	
 6 MB cusp to horizontal (mm)

	
27.36

	
2.66

	
28.61

	
2.79

	
30.03

	
2.49




	
 6 MB cusp to midsagittal (mm)

	
26.33

	
3.13

	
25.60

	
2.83

	
26.36

	
3.86




	
 7 MB cusp to frontal (mm)

	
41.88

	
2.48

	
43.6

	
3.4

	
42.34

	
3.15




	
 7 MB cusp to horizontal (mm)

	
24.95

	
2.90

	
25.58

	
3.20

	
27.61

	
3.14




	
 7 MB cusp to midsagittal (mm)

	
29.26

	
4.43

	
28.62

	
2.71

	
29.28

	
5.11




	
 8 MB cusp to frontal (mm)

	
47.74

	
2.43

	
47.58

	
2.37

	
46.31

	
2.58




	
 8 MB cusp to horizontal (mm)

	
16.99

	
3.07

	
17.51

	
3.45

	
19.68

	
3.92




	
 8 MB cusp to midsagittal (mm)

	
40.66

	
2.31

	
40.69

	
2.10

	
39.02

	
4.08




	
Width (mm)

	

	

	

	

	

	




	
 Mandibular intercanine width

	
28.25

	
2.76

	
28.35

	
2.47

	
28.01

	
1.90




	
 Mandibular intermolar width

	
52.66

	
5.90

	
51.23

	
5.17

	
52.75

	
7.68
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Table 3. Changes in post-distalization and long-term retention of the treated group.
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Variables

	
T1–T2

	
T2–T3

	
T1–T3

	
Post Hoc Analysis Bonferroni




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
P1

	
P2

	
P3






	
6 angulation

	
−5.16

	
4.85

	
4.45

	
5.75

	
−0.71

	
5.82

	
<0.0001

	
0.001

	
1.000




	
7 angulation

	
−5.28

	
10.63

	
0.81

	
9.11

	
−4.47

	
10.54

	
0.042

	
1.000

	
0.112




	
8 angulation

	
−2.97

	
6.78

	
−2.40

	
16.17

	
−5.38

	
15.23

	
0.084

	
1.000

	
0.218




	
6 rotation

	
1.01

	
17.39

	
−1.96

	
16.26

	
−0.95

	
10.90

	
1.000

	
1.000

	
1.000




	
7 rotation

	
−5.18

	
23.56

	
1.01

	
24.39

	
−4.17

	
26.91

	
0.763

	
1.000

	
1.000




	
8 rotation

	
−2.86

	
13.78

	
4.43

	
20.94

	
1.57

	
23.74

	
0.847

	
0.819

	
1.000




	
6 MB cusp to frontal (mm)

	
−2.26

	
2.43

	
1.14

	
3.51

	
−1.12

	
3.03

	
0.012

	
0.737

	
0.571




	
6 MB cusp to horizontal (mm)

	
−1.25

	
1.83

	
−1.42

	
2.03

	
−2.67

	
2.04

	
0.004

	
0.003

	
<0.0001




	
6 MB cusp to midsagittal (mm)

	
0.72

	
2.69

	
−0.76

	
3.35

	
−0.03

	
3.66

	
0.498

	
0.724

	
1.000




	
7 MB cusp to frontal (mm)

	
−1.72

	
2.1

	
1.26

	
3.96

	
−0.46

	
3.32

	
0.027

	
0.761

	
1




	
7 MB cusp to horizontal (mm)

	
−0.63

	
2.78

	
−2.02

	
2.99

	
−2.65

	
2.41

	
0.720

	
0.004

	
<0.0001




	
7 MB cusp to midsagittal (mm)

	
0.64

	
4.42

	
−0.66

	
5.43

	
−0.02

	
4.93

	
1.000

	
1.000

	
1.000




	
8 MB cusp to frontal (mm)

	
0.16

	
1.1

	
1.27

	
1.64

	
1.43

	
1.88

	
1

	
0.038

	
0.042




	
8 MB cusp to horizontal (mm)

	
−0.52

	
1.66

	
−2.16

	
2.89

	
−2.69

	
3.15

	
0.321

	
0.001

	
<0.0001




	
8 MB cusp to midsagittal (mm)

	
−0.03

	
1.95

	
1.67

	
3.89

	
1.64

	
4.18

	
1.000

	
0.095

	
0.143




	
Mandibular intercanine width

	
−0.10

	
3.35

	
0.34

	
2.22

	
0.24

	
2.13

	
1.000

	
1.000

	
1.000




	
Mandibular intermolar width

	
1.43

	
4.79

	
−1.52

	
6.32

	
−0.09

	
6.78

	
0.851

	
1.000

	
1.000
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Table 4. Comparison of the measurements among long-term retention and the control group.
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Variables

	
T3

	
Control

	
p-Value




	
Average

	
SD

	
Average

	
SD






	
6 angulation

	
82.15

	
5.44

	
83.03

	
4.95

	
0.492




	
7 angulation

	
79.37

	
8.87

	
78.36

	
7.56

	
0.614




	
8 angulation

	
26.33

	
15.31

	
71.37

	
10.30

	
<0.001




	
6 rotation

	
73.08

	
11.97

	
72.90

	
12.13

	
0.952




	
7 rotation

	
53.71

	
21.94

	
46.51

	
25.43

	
0.229




	
8 rotation

	
36.34

	
21.86

	
31.37

	
17.38

	
0.301




	
6 MB cusp to frontal (mm)

	
32.25

	
2.51

	
32.95

	
2.8

	
0.456




	
6 MB cusp to horizontal (mm)

	
30.03

	
2.49

	
29.65

	
3.68

	
0.639




	
6 MB cusp to midsagittal (mm)

	
26.36

	
3.86

	
25.15

	
2.06

	
0.098




	
7 MB cusp to frontal (mm)

	
42.34

	
3.15

	
42.68

	
2.99

	
0.748




	
7 MB cusp to horizontal (mm)

	
27.61

	
3.14

	
27.35

	
2.95

	
0.729




	
7 MB cusp to midsagittal (mm)

	
29.28

	
5.11

	
27.72

	
3.41

	
0.135




	
8 MB cusp to frontal (mm)

	
46.31

	
2.58

	
49.88

	
3.28

	
0.002




	
8 MB cusp to horizontal (mm)

	
19.68

	
3.92

	
22.74

	
3.84

	
0.002




	
8 MB cusp to midsagittal (mm)

	
39.02

	
4.08

	
35.07

	
4.62

	
0.001




	
Mandibular intercanine width

	
28.01

	
1.90

	
26.93

	
1.27

	
0.043




	
Mandibular intermolar width

	
52.75

	
7.68

	
50.62

	
2.72

	
0.203
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