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Abstract

Background: This study aimed to evaluate the long-term stability of maxillary molar distal-
ization in the treatment of Class II malocclusion. Methods: This study included 40 patients
(31 males and 9 females) who received fixed orthodontic treatment after maxillary molar
distalization. Orthodontic models and lateral cephalograms were evaluated at three time
points: pre-treatment (T1), after orthodontic treatment (12), and long-term follow-up (T13).
The mean ages of the patients” ages at T1, T2, and T3 were 13.02, 15.97, and 22.05 years,
respectively. The statistical analysis included paired t-tests and Wilcoxon signed-rank
tests. The statistical significance was set at p < 0.05. Results: The statistical analysis indi-
cated no gender-related differences. A significant distalization of maxillary first molars
was observed at T2 compared to T1 (p < 0.001). Despite a minor relapse, a statistically
significant distalization was observed in T3-T1 (p < 0.001). The vertical skeletal angles,
which increased during the treatment period, decreased at T3-T2. The molar relationship
was almost maintained after long-term follow-up (p < 0.001). Conclusions: The maxillary
molar distalization achieved in the Class II treatment was maintained in the long term.
The vertical skeletal measurements decreased to their initial values in the long term. The
Class I molar relationship did not change during the completion of the growth. This study
hypothesized that the maxillary molar distalization achieved during fixed orthodontic
treatment can be maintained in the long term without significant relapse.

Keywords: Class II malocclusion; fixed appliances; long-term stability; maxillary molar
distalization; orthodontics; relapse

1. Introduction

Congenital tooth absence, early loss of primary teeth, and interproximal caries can
lead to the mesial movement of the maxillary first molars, resulting in dental Class II
malocclusions. There are several techniques for treating this anteroposterior discrepancy,
which is certainly influenced by the patient’s etiology, growth pattern, age, levels of
cooperation, and, most importantly, chief complaint [1]. Most orthodontists tend to prefer
nonextraction treatment when clinically appropriate; moreover, some patients completely
refuse tooth extraction regardless of clinical recommendations [2—4].

Distalization of the maxillary teeth up to the molar, canine, and incisor Class I rela-
tionship is the treatment for Class II malocclusion with no major skeletal involvement.
This treatment does not involve any skeletal changes or modifications in the vertical di-
mension, nor does it affect the mandibular arch by distalizing the maxillary molars [5,6].
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Both extraoral [7-9] and intraoral [10-12] appliances are utilized to distalize molar teeth.
Generally, distalization appliances seem to correct Class II molar relationships primarily by
dentoalveolar modifications rather than through maxillary growth inhibition [13,14].

Although mesial migration is a physiological phenomenon, this situation may imply
a decrease in the long-term stability of molar distalization outcomes [15]. Because molar
distalization involves movement in the opposite direction to physiological drift, long-term
stability issues may arise. While a few studies [1,10,16-18] have evaluated the effects and
short-term results of distalization, limited data exist regarding the long-term outcomes
following comprehensive fixed orthodontic treatment [15,19-21].

The aim of this study was to evaluate the long-term stability of Class Il malocclusion
treatment achieved through maxillary molar distalization by using orthodontic models and
lateral cephalometric radiographs. Our hypothesis was that the dentoalveolar corrections
obtained through maxillary molar distalization followed by fixed orthodontic treatment
would remain stable in the long term, and no significant relapse would occur.

2. Materials and Methods

In this retrospective study, patients who were treated with maxillary molar distaliza-
tion and fixed orthodontic treatment at the Department of Orthodontics, Ataturk University,
Faculty of Dentistry, with recordings in the archive were identified and called for control.
Forty individuals (9 males, 31 females) with a mean age of 13.02 years were included
in this study at the beginning of treatment. All patients presented with Class II molar
relationships and had no history of systemic disease or previous orthodontic treatment.
The data were collected from a single institution with standardized treatment protocols. A
summary of the patient characteristics is provided in Table 1. This study was approved
by the Research Ethics Committee of the Faculty of Dentistry, Atatiirk University, with
the approval code 01/2014, and the date of approval was 14 January 2014. An informed
consent form was obtained from all participants who were included in this study. Lateral
cephalometric films were obtained from these individuals using orthodontic models and a
Gendex Orthoralix 9200 DDE, Gendex Dental Systems-KaVo Kerr Group, Des Plaines, IL,
USA (76 kVp, 7 mA) device.

Table 1. Chronological ages of patients.

T1 T2 T3
Mean + SD Mean + SD Mean + SD
Age (y) 13.02 £ 1.74 15.97 £+ 2.05 22.05 + 3.29

The patient selection criteria were established based on the following parameters:
Inclusion Criteria:

Skeletal Class I and dental Class II molar relationship;
Pretreatment chronological age between 11 and 17 years;
Normal vertical growth pattern;

Patients with complete orthodontic models in the archive;

e oo Te

Patients with complete and good-quality radiographs in the archive;
Exclusion Criteria:

Any tooth loss both at the beginning and during the follow-up period;
Tooth agenesis;
Treatment records with inadequate-quality cephalometric radiographs of the patients;

e o

Dentofacial deformity.
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2.1. Measurements

Three serial lateral cephalometric radiographs were obtained from each patient for
evaluations at 3 different observation periods: pre-treatment (T1), after fixed orthodontic
treatment following maxillary molar distalization (T2), and post-treatment long term (T3).
Lateral cephalometric films obtained at T1, T2, and T3 were transferred to the Dolphin
Imaging 11.8 Premium program (Dolphin Imaging & Management Solutions, Los Angeles,
CA, USA) (Patterson Dental Supply, Inc., St. Paul, MN, USA), calibrated, and custom-
analyzed (Figures 1 and 2).

Figure 1. Cephalometric angular measurements: (1) SNA®, sella-nasion—-A point; (2) SNB°, sella—
nasion-B point; (3) ANB°, A point-nasion-B point; (4) SN-MP°, sella—nasion—-mandibular plane;
(5) SN-OP°, sella—nasion—occlusal plane; (6) U1-PP°, maxillary central incisor—palatal plane; (7) U6-
PP°, maxillary first molar—palatal plane.

Figure 2. Cephalometric linear measurements: 7°: Angle between SN plane and X plane; (8) U1-X
(mm), distance from maxillary central incisor to X plane; (9) Ul-Y (mm), distance from maxillary
central incisor to Y plane; (10) U6-X (mm), distance from maxillary first molar to X plane; (11) U6-Y
(mm), distance from maxillary first molar to Y plane.

In this study, the horizontal reference plane (X plane), which makes a 7° angle clock-
wise from the sella point to the SN plane, was used according to Kalra et al. [22] The plane
(Y plane) drawn at an angle of 90° from the sella point to the X plane was used as the
vertical reference plane (Figure 2). We preferred the “corrected Sella-Nasion Plane”, which
was described by Burstone et al. [23], because the plane of the SN is least affected by growth
and development-dependent changes and is reproducible when assigned.
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The midpoint of the line connecting the widest mesio-distal dimensions of the maxil-
lary first molar tooth was used in the cephalometric measurements because the crown is
least impacted by distal tipping [10,24-26]. The incisal edge was used as a landmark to eval-
uate the movement of the upper incisor. To evaluate changes in the tooth axis inclinations,
the long axes were established by the line passing through the center point and furcation
point of the molar tooth and the incisor tooth’s incisal edge and root apex [15,17,24]. The
angle of the long axes of the teeth with the palatal plane was measured [17].

The maxilla was superimposed on the ANS-PNS planes to evaluate the change in
positions of the U6 and U1 (Figure 3) [1,16,24]. In this study, to evaluate the movements of
the maxillary teeth, the palatal plane connecting the ANS and PNS points was used, and
superimposition was performed by overlapping this plane locally from the ANS point.

15

4 PP

Figure 3. Measurements in superimposition of the maxilla. (12) U1-PP (mm), distance from maxillary
incisor tip to palatal plane; (13) U1-ANS (mm), distance from maxillary incisor to anterior nasal spina;
(14) U6-PP (mm), distance from maxillary first molar to palatal plane; (15) U6-ANS (mm), distance
from maxillary first molar to anterior nasal spina.

Orthodontic models were created by taking upper and lower jaw measurements from
each individual at T1, T2, and T3. The overjet, overbite, arch length, irregularity index, right
and left molar relationship (the horizontal distance between the tip of the mesio-buccal
cusp of the upper first molar and the median sulcus of the lower first molar) were made
in the model analysis (Figure 4) [19,27,28]. A digital caliper with a 0.01 mm precision was
used to take the measurements.

Figure 4. Measurements on the orthodontic model: (16) overjet (mm); (17) overbite (mm); (18) molar
relationship (mm); (19) maxillary arc length (mm); (20) maxillary irregularity index (mm).

2.2. Statistical Analysis

The study data’s conformity to normal distribution was evaluated with the Kolmogorov-
Smirnov test. The paired t-test was used for normal distribution and the Wilcoxon signed-
rank test was used for non-normal distribution to compare the changes during the periods
examined. The Mann-Whitney U test was conducted to assess the significance of the
gender differences. Because there were no gender-specific differences in most measure-
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ments examined, males and females were combined and statistically evaluated. Statistical
significance was set at p < 0.05.

The minimum number of subjects was determined using G*Power 3 (Diisseldorf,
Germany), applying a significance level of p < 0.05 and a power of 95%, referencing a study
that indicated 2.0 mm of mesial movement following distalization with the Pendulum
appliance [19].

2.3. Method Error

To test the intra-examiner reliability, measurements of 15 randomly selected cephalo-
grams from 120 records belonging to 40 individuals were repeated at 1-month intervals,
which showed high reliability (intraclass correlation coefficient range: 0.917-0.997).

3. Results

This study tested the hypothesis that maxillary first molar distalization achieved
through orthodontic treatment can be maintained in the long term, and that dentoalveolar
measurements remain stable after treatment. The mean and standard deviation values
of the chronological ages of the individuals included in this study at T1, T2, and T3 are
presented in Table 1. The average treatment period was 3.0 years, and the long-term
follow-up period was 6.1 years. The values for the T1, T2, and T3 periods are shown in
Table 2. The mean and standard deviations with changes in the cephalometric and model
measurements relative to T2-T1, T3-T2, and T3-T1 are summarized in Table 3.

Table 2. Mean cephalometric and model measurements at T1, T2, and T3.

T1 T2 T3

Mean + SD Mean + SD Mean + SD
SNA®° (1) 78.70 £ 2.78 79.10 £2.95 79.44 £3.01
SNB° (2) 75.88 £+ 2.69 76.37 £2.78 76.73 +2.87
ANB°® (3) 2.81+1.53 2.72 £1.53 273 £1.49
SN-MP° (4) 33.41 & 3.65 3422 +3.75 33.10 £ 4.13
SN-OP° (5) 17.40 + 3.66 17.71 + 3.59 17.17 £ 3.52
U6-PP° (7) 74.16 + 5.50 75.79 £5.01 76.21 £5.11
U6-PP mm (14) 17.73 £1.77 19.07 £1.85 19.46 £1.90
U6-ANS mm (15) 31.29 +£2.27 33.05 £2.23 3274 £2.24
U6-X mm (10) 58.58 & 3.40 61.62 & 3.57 62.87 £+ 3.85
Ué6-Y mm (11) 31.57 £ 4.34 32.14 4+ 4.89 33.63 & 5.01
U1-PP° (6) 110.53 &+ 5.55 111.40 £ 5.22 111.82 4 4.88
U1-PP mm (12) 27.27 £2.70 28.65 + 2.90 2891 +2.77
U1-ANS mm (13) 0.21 +£2.00 —0.01 +1.84 —0.14 +191
U1-X mm (8) 68.80 & 4.52 71.95 £+ 4.58 7297 £ 4.70
U1-Y mm (9) 62.84 + 5.31 64.93 £ 5.47 66.05 £ 5.80
Overjet mm (16) 391 £1.72 2.82 £ 0.68 3.13 £0.84
Overbite mm (17) 3.17 £1.39 249 £ 0.59 245 +£1.27
Arch length mm (19) 71.93 £3.72 75.28 £ 3.60 74.59 + 3.56
Irregularity index mm (20) 9.92 £ 3.64 0.02+£0.14 257 £1.75
Right molar relationship 2.67 +1.36 0.01 + 0.85 0.29 £ 0.82
mm (18)
Left molar relationship mm  2.16 £ 1.45 —-0.27 £1.01 —-0.26 £1.20
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Table 3. Changes in cephalometric and model measurements at T2-T1, T3-T2, and T3-T1 2.
T2-T1 T3-T2 T3-T1

Mean + SD t P Mean + SD t P Mean + SD t p
SNA°® 0.39 £ 0.87 2.871 0.007* 034+ 0.79 2.755 0.009 *  0.74 + 1.01 4635 0.000 **
SNB° 0.49 + 0.87 3.547 0.001* 036+ 0.78 2,948 0.005*  0.85+1.21 4.458 0.000 **
ANB° —0.09 + 0.68 —0.860 0.395 0.00 + 0.58 0.055 0.957 —0.09+£077 —0.718 0.477
SN-MP° 0.81 + 0.90 5.728 0000* —1124+112 —6.340 0000*  —031+133 —148  0.145
SN-OP° 031 + 1.03 1.879 0.068 —054+056 —6.073 0.000*  —023+101 —1.479 0.147
Ub-PP° 1.63 + 1.58 6.521 0.000**  0.42+0.29 9.044 0.000*  2.05+ 145 8.939 0.000 **
U6-PP mm 1.33 + 0.41 b_5518 0.000% 039 +0.34 b_5483  0.000*  1.73 4 0.60 18.071 0.000 **
U6-ANS mm 1.76 + 0.55 20.361 0.000*  —031+013 —14619  0.000*  1.45+053 17.375 0.000 **
U6-X mm 3.04 + 1.59 12.106 0.000** 1.5+ 0.84 9.475 0.000** 429 +2.03 13.369 0.000 **
U6-Y mm 056 & 1.82 1.969 0.056 1.50 + 1.04 9.073 0.000**  2.06 +225 5.801 0.000 **
U1-PP° 0.87 +5.35 1.026 0311 043 + 1.90 1422 0.163 1.30 + 4.48 1.827 0.075
U1-PP mm 1.38 + 1.45 6.000 0.000* 027+ 0.66 2,526 0016*  1.64+1.17 8.873 0.000 **
U1-ANS mm —022+1.75 —0.777 0442 —013+092 —0.874 0.388 —034+148  —1.468 0.150
U1-X mm 3.16 +2.38 8.408 0.000*  1.02+ 1.03 6.278 0.000** 418 +243 10.865 0.000 **
Ul-Y mm 2.09 + 2.26 5.838 0.000* 113+ 1.51 4.703 0.000** 321 +2.65 7.650 0.000 **
Overjet mm —1.09 £+ 1.71 —3.951 0.000* 030+ 0.73 2,573 0014*  —078+143 —3422  0.001*
Overbite mm —0.66 + 1.30 —3.121 0.003*  —005+1.07 > -0258 079 —072+1.01 b-3817  0.000*
Archlengthmm 323 +1.23 16.137 0.000*  —065+043 —9.535 0.000** 262+ 1.22 13.428 0.000 **
Irregularity ~1009+£351 b -4623 0000* 261+166  °-5373 0000%* —747+£334 b_4703  0.000*
index mm
Right molar —2.61 4121 b_5232  0000* 028+084  °-2078 0038* —237+114 P-5232  0.000*
relationship mm
Left molar 2414165  ®-5216 0.000* —004£081 > 0151  0.880 2424165 P -535  0.000*

relationship mm

2 Paired t-test; ® Wilcoxon signed-rank test; * p < 0.05; ** p < 0.01.

3.1. Changes in Cephalometric Measurements

Statistically significant increases occurred in the SNA and SNB skeletal measurements
at T2-T1, T3-T2, and T3-T1. (p < 0.001). The maxillomandibular relationship did not
significantly change during these periods.

When the T2-T1 period was examined, increases were observed in the SN-MD
(p <0.001) and SN-OP measurements. During the post-treatment period (T3-T2), there
was a statistically significant decrease in the SN-MP and SN-OP angular measurements
(p < 0.001). The craniofacial growth pattern remained unchanged by the applied mechanics,
as indicated by the SN-MP measurements, which showed no significant alterations from T1
to T3. After the distalization of the maxillary molars and the fixed orthodontic treatment,
clockwise rotation of the mandibular region caused a significant increase in the SN-MP
measurement. The value decreased from T3 to T1 after treatment and returned to the
initial value.

During the T2-T1 period, the distalization and fixed therapy resulted in a 1.76 mm
increase in the U6-ANS distance. Although a 0.31 mm relapse was reported between
T3 and T2, the maintenance of a distalization of 1.45 mm throughout the whole follow-
up period can be considered an important result. This relapse can be explained by the
teeth’s associated mesialization tendency and the approximately 2° mesial inclination of
the maxillary first molar crowns compared to the baseline. No significant change in the
U6-Y distance was observed, suggesting that the sagittal growth of the maxilla continued
naturally despite the distalizing forces. Significant increases were observed in the U6-PP
angle (1.63°), which indicates the inclination of the first molar, and in the U6-X (3.04 mm)
and U6-PP (1.33 mm) distances, which indicate the amount of vertical direction position.

Statistically significant increases were observed in the U6-X (1.25 mm), U6-Y (1.5 mm),
and U6-PP (0.39 mm) (p < 0.001) dimensional measurements and U6-PP (0.42°) (p < 0.001)
angular measurement in the post-treatment period (I3-T2). The measurements indicate the
sagittal and vertical displacement of the maxillary molars and changes in their axial inclination.

Upper incisors remained relatively vertically stable in the post-treatment phase, in-
dicating favorable long-term control of the anterior tooth position. No significant change
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was observed in the U1-PP measurement, which shows the buccal inclination of the up-
per incisors, or the U1-ANS measurement, which shows the sagittal position, during the
treatment period (T2-T1) and in the long term after treatment (T3-T2). The increase in the
U1l-X and U1-Y measurements is associated with craniofacial growth in the vertical and
sagittal directions.

3.2. Changes in Model Measurements

During orthodontic treatment, there were statistically significant reductions in the
overbite, overjet, index of irregularity, and right and left molar relationship measurements,
as well as an increase in the arch length (p < 0.001).

In the long term after treatment, a 0.3 mm increase in the overjet, a 0.65 mm decrease
in the arch length, and a 2.61 mm increase in the irregularity index were observed. The
changes observed in these parameters reveal the presence of mild irregularities in the long-
term follow-up. Although there was no significant change in the left molar relationship
and overbite, a 0.28 mm change was observed in the right molar relationship.

4. Discussion

In the management of dental Class II malocclusion, the two primary treatment modal-
ities traditionally include maxillary molar distalization and the extraction of two premolars
in the upper arch. However, in recent years, there has been a noticeable decline in the
frequency of extraction-based treatments—particularly those involving four premolars
or even just two maxillary premolars in Class II cases. This trend is largely attributed to
increasing esthetic demands and the growing adoption of alternative orthodontic strategies,
such as maxillary expansion techniques, distalization appliances, temporary anchorage
devices (TADs), and the more frequent application of interproximal enamel reduction [29].
In addition, maxillary molar distalization holds a significant role in clear aligner therapy
due to its high level of predictability [30].

Despite being a commonly employed procedure in orthodontics with various available
techniques, maxillary molar distalization lacks sufficient long-term follow-up research in
the literature. A recent systematic review [31] confirmed this scarcity, identifying only
nine relevant articles, of which only five included follow-up periods of at least four years
and just three involved more than 20 distalization patients. In the present study, long-
term outcomes were assessed in 40 patients who completed fixed orthodontic treatment
following maxillary molar distalization, with an average post-treatment follow-up period
of 6.1 years.

Since the evaluated group consisted of growing individuals, the significant increases
observed in both the SNA and SNB angles during the treatment and follow-up periods
can be attributed more to the ongoing craniofacial growth of the mandible and maxilla
rather than the direct effect of the treatment itself [32]. Notably, the ANB angle remained
unchanged in our study, indicating that the correction of Class II malocclusion was largely
due to dentoalveolar compensation rather than skeletal change. This finding aligns with
studies by Angelieri et al. [17], Caprioglio et al. [19], and Chou et al. [21], who reported
similar patterns of limited skeletal changes and the preservation of the maxillomandibular
skeletal relationship.

Although the distalization mechanics temporarily increased the SN-MP angle during
treatment, this returned to baseline post-treatment. This finding closely aligns with the
earlier results of Caprioglio et al. [19]. It has also been claimed that the distalization
mechanics did not change the vertical craniofacial growth pattern [17]. In the study by
Song et al. [20], it was observed that the lower anterior facial height decreased significantly
as a result of maxillary arch distalization and remained relatively constant throughout the
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retention period. However, these findings may not be directly comparable to our results
due to methodological differences. In particular, the inclusion of adult patients in their
study and the use of a different distalization protocol may explain the inconsistency in the
vertical skeletal changes.

In this study, it was expected that both during the distalization phase and throughout
the follow-up period, the maxilla and mandible, along with their associated dentition,
would move anteriorly as a whole. Indeed, the fact that the distance from the maxillary mo-
lar to the vertical reference plane (U6-Y) did not significantly change—and even increased
slightly—in the records taken immediately after distalization suggests that the effects of
distalization were masked by concurrent growth. However, the average increase of 1.76 mm
in the distance between the maxillary molars and the ANS, along with an approximately
2.5 mm improvement in the molar relationship following distalization, indicates that the
maxillary molars were substantially distalized.

During the fixed orthodontic treatment and subsequent follow-up period, as the max-
illa and mandible continued to move anteriorly, a relapse of 0.31 mm occurred. As a result,
the remaining net distalization was reduced to 1.45 mm. Nonetheless, the improvement in
the molar relationship was largely maintained throughout the entire observation period.
One possible explanation for this stability is that, after achieving a Class I molar relationship
during treatment, dentoalveolar compensation mechanisms helped preserve this occlusal
relationship during the period of maxillomandibular growth [19]. Again, this has been
linked to the correct intercuspation and the skeletal growth pattern [33,34].

Furthermore, the statistically significant extrusion of upper first molars observed dur-
ing and after treatment, and the increase in the U6-X axis distance, are in line with the vertical
changes previously reported by Ngantung et al. [10] and Angelieri et al. [17]. These changes
underscore the need for careful vertical control, particularly in hyperdivergent patients.

The incisor region remained relatively stable throughout, with minor inclination and
extrusion changes, suggesting that anterior dental changes were primarily growth-driven.

During the T2-T1 period, there was a statistically significant increase in the arch
length and significant decreases in the overjet, overbite, irregularity index, and both right
and left molar relationship measurements. In the long-term follow-up treatment, some
relapse was observed in the overjet, arch length, irregularity index, and right molar rela-
tionship. However, the improvements achieved during treatment were largely maintained.
These findings were generally consistent with those reported in similar studies in the
literature [10,13,16,21,35].

Clinically, our findings emphasize the importance of overcorrection strategies, re-
tention protocols, and growth guidance for achieving long-term stability following dis-
talization. The small relapse values in the overjet, arch length, and molar relationship
measurements support the conclusions from multiple studies indicating that, when per-
formed with well-planned biomechanics and patient compliance, distalization is a viable
long-term option for selected Class II cases. However, this study has several limitations.
The absence of a control group limits the ability to distinguish treatment effects from natural
craniofacial development. Additionally, the reliance on two-dimensional imaging restricts
the evaluation of the three-dimensional skeletal and dental adaptations. Future studies
utilizing CBCT and larger, more diverse samples are necessary to further elucidate the full
effects of distalization over time.

5. Conclusions

Long-term evaluations have demonstrated that maxillary molar distalization provides
stable treatment outcomes. Although minor relapse may occur due to continued maxillo-
mandibular growth following orthodontic treatment, it does not appear to significantly
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affect either the molar relationship or the overall amount of distalization. Additionally,
the vertical craniofacial changes observed during treatment were found to be temporary,
with the maxillomandibular relationship remaining generally stable over time in Class II
malocclusion cases.
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