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Occlusal Plane Changes After Molar Distalization With 
a Pendulum Appliance in Growing Patients with Class 
II Malocclusion: A Retrospective Cephalometric Study

ABSTRACT

Objective: This study aimed to evaluate the skeletal and dental changes after distalization with a pendulum appliance in growing 
patients with Class II malocclusion, focusing on the occlusal plane (OP).

Methods: The sample included 24 patients with Class II malocclusion (10 boys, 14 girls); their mean age was 12.1 years. All patients under-
went molar distalization and had 2 serial cephalograms traced at baseline (T1) and after distalization (T2). Angular and linear dental changes 
were calculated by taking the sella-nasion (SN), palatal plane (PP), and pterygoid vertical as reference. OP inclination was compared with SN, 
PP, and mandibular plane. The collected data were computed for all the tested variables, and one-way paired t-test was used to assess the 
significance of the differences between the time points. α was set at 0.05. Multiple linear regressions were used to predict the OP changes.

Results: The mean total treatment time was 8±2 months to obtain a super Class I molar relationship. In T1-T2 interval, statistically 
significant incisor buccal tipping of 5°±3.6° (p<0.05), first molar distal tipping of 8.9°±8.3° (p<0.001), and second molar tipping of 
8.2°±8.1° (p<0.001) were observed. The maxillary first and second molars moved significantly backward by 2.8±3.2 mm (p<0.05) and 
3.7±2.7 mm (p<0.001), respectively. Only the premolars showed a statistically significant anchorage loss of 2.7±3.3 mm (p<0.05); over-
jet increased significantly at 1.3±1.2 mm (p<0.05). Regarding the OP, none of the tested variables showed any statistically significant 
changes between T1-T2.

Conclusion: The pendulum appliance showed efficacy in distalizing the maxillary first and second molars at the expense of anterior 
anchorage loss. The OP did not show statistically significant changes after molar distalization.
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INTRODUCTION

Class II malocclusion is one of the most frequent orthodontic problems, which dentists diagnose and treat, with a mean 
worldwide distribution of 19.56% in permanent dentition and 23.11% in mixed dentition (1). Depending on the diag-
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Main points:
• This study aimed to demonstrate the efficacy of pendulum appliance in distalizing the maxillary molars to correct a Class II malocclusion and pro-

vide a propaedeutic molar relationship before the final correction of the occlusion with fixed orthodontic treatment.
• A noteworthy result was the concordance of the data of this study with those of the previous ones; this emphasizes the environmental protocol and 

provides a further starting point for future investigations for the use of the pendulum appliance.
• Of particular interest was the maintenance of the occlusal plane inclination in the distalizing phase that could be achieved by the pendulum appli-

ance compared with other distalizing techniques that do not allow a vertical control of the maxillary molars with consequent change in the occlusal 
plane and bite opening.

• The absence of changes in the inclination of the occlusal plane seems to not interfere with the normal maxillary and mandibular growth, which 
could be a strategy to achieve an improved Class II correction.
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nosis, Class II malocclusions can be treated by several methods, for 
example, functional orthopedic appliances, extraoral and intraoral 
devices for tooth distalization, camouflage treatment, or orthognath-
ic surgery. If there are no significant skeletal discrepancies and tooth 
crowding, maxillary prognathism that involves Class II molar relation-
ship can be completely corrected by maxillary molar distalization.

Molar distalization is a generally used non-extraction treatment 
to establish a Class I molar and canine relationship, especially 
using non-compliance devices (2). In fact, although the major-
ity of intraoral and extraoral devices are effective for achieving 
molar distalization, they are often highly dependent on patient 
compliance. Among several intraoral distalizing devices, since its 
development in 1992, the pendulum appliance might be consid-
ered among one of the most investigated non-compliance and 
efficient tools in compensating a Class II molar relationship, es-
pecially those related with maxillary prognathism (3, 4).

The occlusal plane (OP) is a cephalometric line connecting the point 
bisecting the first molar cusp height and the point bisecting the 
overbite (5). Many factors change this plane inclination during cra-
niofacial growth to achieve a harmonic function of the masticatory 
system. The OP reduces its inclination with respect to the maxilla 
and anterior cranial bases owing to an anterior rotation taking place 
during growth; this phenomenon is caused by a larger eruption 
of the upper molars than upper incisors (6). The cant of the OP is 
usually related to a malocclusion describing a vertical morphologic 
feature, which then affects the sagittal-mandibular position. Class 
III shows a flat OP, whereas Class II shows a steep one. Furthermore, 
orthodontic treatment changes the position and angulation of the 
involved teeth, and it is acknowledged that slight dental angular 
variations can result in significant alteration of the occlusion (7).

From a clinical perspective, treatment of the sagittal component of 
malocclusions, that is, distalizing techniques, could aim at changing 
the vertical position of the posterior teeth and subsequently the OP 
inclination and potentially advance the mandible toward a corrective 
position (8). OP is often strictly related to treatment, and a great part of 
the treatment effort is involved with its correction. A correct plane of 
occlusion allows protrusion without posterior interferences, enabling 
good function between the maxilla and mandible, whereas uncon-
trolled changes in the OP might lead to worsening of the malocclu-
sion in some cases or difficulties in performing desired movements.

Several studies have evaluated the cephalometric changes af-
ter distalization with a pendulum from different perspectives 
(9). Nevertheless, the OP changes after distalization in Class II 
malocclusion are still not completely clarified, and this aspect 
is relevant. This study aimed to evaluate the skeletal and dental 
changes after upper molar distalization with a pendulum device 
in terms of potential changes in OP inclination in growing pa-
tients with a Class II malocclusion.

METHODS

Sample Selection and Exclusion Criteria
Ethical approval was obtained from the ethics committee of the 
University of Insubria (#18/2014); the protocol followed adhered 

to the World Medical Association Declaration of Helsinki. Before 
starting treatment, an informed consent for releasing radiolog-
ical diagnostic records for scientific research was obtained. Be-
cause the primary purpose of this study was to evaluate the ef-
fectiveness of molar distalization and its correlation with possible 
changes of the OP variables, the sample size was calculated on 
the cephalometric values of 5 patients, selecting the distance be-
tween the upper first molar centroid and the pterygoid vertical 
(PtV-Ctr1M) changes before and after distalization (mean=−2.7; 
standard deviation [SD]=3.2) as the main outcome. A sample size 
of at least 23 subjects was necessary to retrieve a power of 0.8 
(β=0.20) with α set at 0.05. An initial sample of 30 patients was 
selected according to the following inclusion criteria:

1) Skeletal Class I or mild Class II malocclusion (ANB≤6°)
2) Bilateral Class II molar relationship
3) Sella-nasion (SN)-mandibular plane (MP) <37°
4) Unerupted or incompletely erupted second maxillary molars
5) No previous orthodontic treatment and non-extraction treat-
ment
6) Use of the pendulum appliance
7) High-quality radiographs with clear landmark visualization 11
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Table 1. Sample selection and exclusion criteria

Initial sample 30

Primary exclusion criteria 

1) Poor film quality 2

2) Incomplete records 1

Secondary exclusion criteria 

1) Treatment time >12 months 3

Final sample 24

Figure 1. Pendulum appliance design and activation. Occlusal and 
lateral views of the appliance showing activation of the wire on the 
right upper molar (arrow) and the wire already inserted in the slot 
band on the left upper molar (circle). Once inserted, the wire has a 
wire/slot play (circle) that allows to apply tip bend to correct tipping 
of the molar during its distalization



A total of 6 patients were excluded according to defined cri-
teria as summarized in Table 1. The final sample included 24 
patients, 10 boys and 14 girls (mean age of 12.1 years; range, 
10.5-14.2 years) with 2 serial cephalograms available at the 
observation times: baseline (T1) and after molar distalization 
(T2).

Clinical Management
In this study, a modified pendulum appliance was used with first 
molars bands, occlusal rests on premolars, and titanium-molyb-
denum alloy (TMA) springs (Figure 1); 45° to 60° activation an-
gle of the TMA springs was customized on model casts to exert 
200 to 250 g. Owing to compensation of the palatal and coronal 
forces applied toward the center of resistance, uprighting bends 
(25°-30°) were added to the end of the TMA wire to avoid exces-
sive molar tipping; toe-in bends were also added (10-12). The 
pendulum was left in situ until a super Class I molar relationship 
was achieved.

Cephalometric Analysis
Lateral cephalograms were traced by a dedicated software (Delta-
Dent; Outside Format, Cremona, Italy) by the first operator (CE) with 
verification of anatomy and landmarks by the second one (SM). 
In case of overlapping structures (for example, gonial angle and 
teeth), a single averaged tracing was made. A conventional ceph-
alometry, including skeletal and dental measurements, was used. 
Initial cephalometric measures at T1 are summarized in Table 2.

The centroid point was obtained as the midpoint between the 
greatest mesial and distal convexity of the crowns of the max-
illary first and second molars and the first premolars; the incisor 
tip was pointed at the incisal edge. The lines passing through the 
centroid and furca points and through the centroid/tip and apex 
were used as molar and premolar/incisor axes, respectively. SN 
(anterior cranial base plane), palatal plane (PP) (plane formed by 
the line connecting the anterior and posterior nasal spine), MP 
(plane formed by connecting gonion to gnathion points), and 
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Turk J Orthod 2021; 34(1): 10-7Serafin et al. Occlusal plane changes produced by Pendulum appliance

Table 2. Mean and SD of cephalometric measurements at T1 and T2 and statistical comparison (paired t-test) with p values of T2-T1 period

 T1 T2 ΔT2–T1 

Cephalometric measurement Mean SD Mean SD Mean SD p

Skeletal       

SNA (°) 81.2 2.5 80.8 3.3 −0.4 2.1 NS

SNB (°) 77.4 2.9 77.8 3.1 0.4 2.1 NS

ANB (°) 3.6 1.8 3.1 1.7 −0.5 1.3 NS

SN-PP (°) 7.7 3.0 7.8 3.6 0.1 2.3 NS

SN-MP (°) 30.6 3.8 31.4 4.6 0.8 3.0 NS

PtV-A (mm) 55.5 2.8 55.6 3.1 0.1 2.1 NS

PtV-B (mm) 55.3 4.4 56.1 4.7 0.7 2.8 NS

ANS-Me (mm) 65.3 5.4 67.1 6.0 1.8 1.8 NS

Dental       

SN-AxU1 (°) 103.2 8.3 108.2 8.1 5.0 3.6 <0.05

SN-Ax1Pm (°) 84.0 4.5 86.5 6.3 2.5 5.1 NS

SN-Ax1M (°) 67.9 5.1 59.0 9.6 −8.9 8.3 <0.001

SN-Ax2M (°) 60.9 3.2 52.7 4.8 −8.2 8.1 <0.001

PtV-TipU1 (mm) 56.2 3.7 57.7 3.9 1.5 2.8 NS

PtV-Ctr1Pm (mm) 40.2 3.3 42.8 4.3 2.7 3.3 <0.05

PtV-Ctr1M (mm) 22.3 3.5 19.5 3.6 −2.8 3.2 <0.05

PtV-Ctr2M (mm) 13.1 3.1 9.4 2.7 −3.7 2.7 <0.001

PP- TipU1 (mm) 29.0 3.0 29.5 3.5 0.5 1.4 NS

PP-Ctr1Pm (mm) 21.0 2.8 22.3 3.2 1.4 1.8 NS

PP-Ctr1M (mm) 17.5 2.8 17.4 2.7 −0.1 1.6 NS

PP-Ctr2M (mm) 12.1 4.6 12.2 4.0 0.1 2.4 NS

OVJ (mm) 3.9 1.6 5.2 2.1 1.3 1.2 <0.05

OVB (mm) 3.2 1.9 2.8 2.1 −0.4 1.9 NS

OP       

SN-OP (°) 19.8 4.3 19.3 3.9 −0.5 2.3 NS

PP-OP (°) 11.7 4.1 11.2 4.1 −0.5 0.1 NS

OP-MP (°) 15.8 3.1 16.8 4.3 1.0 3.4 NS

NS: Not significant (p>0.05); SD: Standard deviation; Ax1M: Maxillary first molar axis; Ax2M: Maxillary second molar axis; OP: Occlusal plane; PP: Palatal plane; MP: 
Mandibular plane; SN: Sella-nasion plane; TipU1: Upper central incisor tip; Ctr1Pm: Maxillary first premolar centroid; Ctr1M: Maxillary first molar centroid; Ctr2M: 
Maxillary second molar centroid; PP: Palatal plane; PtV: Pterygoid vertical; OVJ: Overjet; ANS: Anterior nasal spine; OVB: Overbite



PtV (line perpendicular to the Frankfort plane at the posterior 
margin of the pterygomaxillary fissure) were used as horizontal 
and vertical reference planes for angular and linear parameters 
(Figures 2 and 3). OP was evaluated using the angular measure-
ments of SN-OP, PP-OP, and OP-MP as shown in Figure 2.

Statistical Analysis
Descriptive statistics was calculated for cephalometric measure-
ments at T1 and T2 for all the subjects. Mean differences and SDs 

between T1 and T2 were also calculated. The Statistical Package 
for Social Sciences version 22.0 software (IBM Corp.; Armonk, NY, 
USA) was used for statistical analysis. The Shapiro-Wilk test con-
firmed the normal distribution of the data for the tested sample, 
and parametric tests were used to compare the mean differenc-
es among different timepoints. Data were computed for all the 
tested variables, and the paired t-test was used to assess signifi-
cance of the differences among the timepoints. Significance lev-
el (p) was set at 0.05.

The Pearson correlation coefficient (r) was employed to eval-
uate the strength of the relationship between several tested 
parameter (SN-MP; SN-Ax1M; SN-Ax2M; PtV-Ctr1M; PtV-Ctr2M; 
PP-Ctr1M; and PP-Ctr2M) changes after distalization and the 
changes in SN-OP. Finally, the multiple backward linear regres-
sions were used to estimate the association of each tested pa-
rameter with the SN-OP changes.

Method Error
The method error was quantified with the method of moments 
variance estimator. A total of 10 lateral cephalograms were 
randomly selected and retraced by a third orthodontist (CA). A 
paired t-test showed no significant differences between the 2 
series of cephalometry. The mean error and 95% confidence in-
terval among the repeated data were 0.7 (0.5-0.8) mm for linear 
measurements and 0.8° (0.6°-0.9°) for angular measurements; 
reliability coefficient (r) for linear and angular measurement 
ranged from 94% to 98% and from 92% to 97%, respectively.

RESULTS

The mean treatment time from the maxillary molar distalization 
to achieving a super Class I was 8±2 months. Mean and SD and 
paired t-test results of the skeletal, dental, and occlusal changes 
are reported in Table 2. The most significant changes are report-
ed below.

Skeletal Changes
Changes in skeletal measurements were observed. SNA (Sel-
la-Nasion-Point A) decreased 0.4°±2.1° and SNB (Sella-Nasi-
on-Point B) increased 0.4°±2.1°; PtV-A (Pterygoid Vertical-Point 
A) and PtV-B (Pterygoid Vertical-Point B) increased 01±2.1 mm 
and 0.7±2.8 mm, respectively. An increase in SN-MP (Sella-Na-
sion Plane-Mandibular Plane) of 0.8°±3° accompanied by an in-
crease in ANS-Me (Anterior Nasal Spine-Menton) of 1.8±1.8 mm 
was also observed. Inferential statistical analysis showed that 
none of these changes were significant (p>0.05).

Dental Changes
Statistically significant changes were observed in SN-Ax1M (Sel-
la-Nasion plane-First maxillary molar axis), which decreased 
at 8.9°±8.3° in the T1–T2 interval (p<0.001), whereas SN-Ax2M 
(Sella-Nasion plane-Second maxillary molar axis) insignificantly 
tipped distally by 8.2°±8.1°. SN-AxU1 (Sella-Nasion plane-Maxil-
lary central incisor axis) also increased significantly at 5°±3.6° after 
distalization (p<0.05). Linear changes in teeth position in the case 
of PtV (Pterygoid Vertical) and PP (Palatal Plane) were observed. In 
the T1-T2 interval, the distances decreased by 2.8±3.2 mm for PtV-
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Figure 2. a, b. (a) Cephalometric analysis for evaluation of maxillary 
tooth and occlusal plan changes. 1) SN-AxU1; 2) SN-Ax1Pm; 3) SN-
Ax1M; 4) SN-Ax2M; 5) SN-OP; 6) PP-OP; 7) MP-OP (b) Cephalometric 
analysis of the evaluation of maxillary tooth and occlusal plane 
changes. 8) PtV-TipU1; 9) PtV-Ctr1Pm; 10) PtV-Ctr1M; 11) PtV-Ctr2M; 
12) PP-TipU1; 13) PP-Ctr1Pm; 14) PP-Ctr1M; 15) PP-Ctr2M

a

b



Ctr1M (Pterygoid Vertical-Maxillary first molar centroid) (p<0.05) 
and 3.7±2.7 mm for PtV-Ctr2M (Pterygoid Vertical-Maxillary sec-
ond molar centroid) (p<0.001). Vertical extrusion was reported 
on all the analyzed teeth but without any statistically significant 
difference. OVJ (Overjet) increased significantly by 1.3±1.2 mm 
(p<0.05). Both angular and linear changes were also observed on 
anchorage-loss teeth; the incisor and first premolars moved and 
tipped mesially, but only PtV-Ctr1Pm (Pterygoid Vertical-Maxillary 
first premolar centroid) was statistically significant with a mesial 
movement of 2.7±3.3 mm (p<0.05). The main dental movements 
after molar distalization are resumed in Figure 4.

Occlusal Plane Changes
None of the tested variables related to the OP (Occlusal Plane) 
showed statistically significant differences between the 2 time-

points; OP-MP (Occlusal Plane-Mandibular Plane) was increased 
by 1°±3.4°, whereas both SN-OP (Sella-Nasion plane-Occlusal 
Plane) and PP-OP (Palatal Plane-Occlusal Plane) showed a de-
crease of 0.5°±2.3° and 0.5°±0.1°, respectively. In addition, results 
of multiple backward linear regressions (Table 3) showed that 
the tested parameters (SN-MP, SN-Ax1M, SN-Ax2M, PTV-Ctr1M, 
PTV-Ctr2M, PP-Ctr1M, and PP-Ctr2M) accounted for 68% of the 
changes in SN-OP after molar distalization. Moreover, none of 
the differences in the tested parameters were significantly asso-
ciated with SN-OP changes in the multiple linear regressions.

DISCUSSION

This retrospective study described the result of 24 growing pa-
tients treated with a pendulum device. Pendulum is a largely 
studied non-compliance device, and it has been compared with 
similar tools that provide a combination of distal body move-
ment and distal crown tipping (9). This phenomenon is accom-
panied by loss of anchorage and extrusion in the premolars and 
incisors. The mean treatment time for achieving a Class I molar 
relationship was about 8±2 months, consistent with the treat-
ment time of previous systematic reviews that report a range of 6 
to 10 months, which probably depended on the full cusp or end-
to-end molar relationship of the sample before treatment (13). 
Several studies have also evaluated the influence of the pendu-
lum in relation to the soft tissue and dentoskeletal improvement 
(13). The results of this study are assumed to be in accordance 
with the mean values of the previous studies on distalizing de-
vices (14). However, till date, there are no studies regarding the 
use of the pendulum and its influence on the OP. Therefore, the 
purpose of this study was to evaluate the OP changes after max-
illary molar distalization in growing patients.

Skeletal Changes
In terms of the skeletal changes, no statistical significance was 
found in the T1-T2 period. SNA decreased by 0.4°±2.1°, whereas 
SNB increased by 0.4°±2.1° in T1-T2. PtV-A and PtV-B increased 
by 0.1±2.1 mm and 0.7±2.8 mm, respectively. SNA reduction was 
like in other studies, corresponding more to a normal growth 
than any orthopedic influence of the appliance used (15). The 
pendulum causes primarily a dentoalveolar effect, but second-
ary mandibular growth can be essential for the correction of 
Class II malocclusion in growing patients (16). This provides a 
correction of the molar relationship because of molar distaliza-
tion, whereas a favorable growth pattern drives the mandible 
forward as expected by the increase in SNB and PtV-B. Neverthe-
less, a period of approximately 8 months necessary for molar dis-
talization seems to be too short to observe any remarkable and 
statistically significant cranial changes compared with the use of 
functional orthopedic appliances (17). Therefore, increase in the 
mandibular length was similar to the measurements reported in 
untreated patients and is variable according to mean treatment 
time (18).

The increase in SN-MP is often evaluated because of the risk of 
producing an anterior open bite (19). Class II correction by con-
ventional molar distalization is not always suggested. It can be 
stated that mandibular rotation is related to changes in the dis-
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Table 3. Results of the multiple backward linear regression to esti-
mate association of the tested parameters with the SN-OP changes 
after distalization (T1-T2)

Explanatory variable Β t Ρ

SN-MP  0.32 1.21 0.26

SN-Ax1M −0.21 −0.65 0.53

SN-Ax2M −0.17 −0.47 0.65

PtV-Ctr1M 0.02 0.06 0.95

PtV-Ctr2M 0.15 0.35 0.73

PP-Ctr1M −0.70 −2.58 0.03

PP-Ctr2M −0.01 −0.03 0.97

β correlation coefficients; R square of the model, 0.68. Level of significance: 
p<0.05.
MP: Mandibular plane; SN: Sella-nasion plane; Ax1M: Maxillary first molar axis; Ax2M: Maxillary 
second molar axis; Ctr1M: Maxillary first molar centroid; Ctr2M: Maxillary second molar centroid; 
PP: Palatal plane; PtV: Pterygoid vertical

Figure 3. Main results after distalization of dentoalveolar 
measurements. Gray arrows, sagittal movements (mm); white arrows, 
vertical movements (mm); black arrows, mesiodistal (molars and 
premolar) and buccolingual (incisor) inclination movements (°)



talization, corrective orthodontic mechanics, and craniofacial 
growth and development (20). In fact, in open bite patients, 
extrusion and distalization could assess a backward mandibular 
rotation, increasing the anterior lower facial height and resulting 
in a worse molar relationship. In this study, SN-MP was increased 
only by 0.8°±3°, and lower anterior face height was increased 
by 1.8±1.8 mm, although without any statistical significance. 
The vertical increase in facial height seems to represent only a 
temporary effect, which could be completely compensated by 
a favorable counterclockwise mandibular growth (2). The vari-
ability of results in the literature may be related to differences in 
sample size, mean age, vertical facial pattern, and criteria used 
to classify the patients (21). Because of these considerations and 
to prevent bite opening, it has been speculated that distalization 
techniques are more suitable in patients with normal or reduced 
divergence, as was the case in the sample collected for our study.

Dental Changes
In this study, the mean distal shift of the first and second max-
illary molars was 2.8±3.2 mm and 3.7±2.7 mm, respectively. 
Previous studies have reported a mean molar distal movement 
ranging between 2 and 6.4 mm, depending on the presence or 
absence of the upper second molar. Our results are also in accor-
dance with the mean of 3.1 mm for palatal distalizing appliances 
described in previous studies (9, 14). The pendulum appliance 
can achieve a large amount of molar distalization, but it depends 
on many factors, the first being the eruption stage of second 
maxillary molars (22). The authors agreed with the idea that the 
presence of completely erupted second molars decreased the ef-
ficiency of distalization, increased the treatment time, required a 
higher force, and produced a larger anchorage loss but with less 
tipping than bodily movement of the first molar. The best time 
to start the pendulum treatment is when the second molars are 
unerupted, although more crown tipping can be expected (23). 
Owing to the mean age, the sample of this study had incom-
pletely erupted second molars; therefore, distal tipping of the 
first maxillary molars seemed to be greater than bodily move-
ment, probably because of the unerupted second molars, which 
acted as a distal crown fulcrum instead of the center of rotation.

It is important to define in detail what distal movement is in 
comparison with that in other studies on the basis of the refer-
ence point, for example, centroid of the radiological crown as 
used in this study or the tip of a cusp and the distance between 
it and the center of rotation changes. The closer the reference 
point is to the center of rotation, the smaller the amount of distal 
movement that will be obtained (24). Therefore, data will have to 
be carefully compared not only in terms of the reference point 
but also the reference plane.

The pendulum should ideally provide a bodily distal displace-
ment, but distal tipping is often produced by distalizing appli-
ances. Significant changes were observed in the first and second 
molar tipping that increased distally by 8.9°±8.3 and 8.2±8.1°, 
respectively. A previous systematic review has reported a molar 
distal tipping from 8.4° to 14.5° (9). This shows that the pendu-
lum is not effective in pure distalization. As mentioned earlier, 
the eruption stage of the second molars can be a discriminating 

factor in the tipping amount. Furthermore, the ratio between the 
reference point and the center of rotation must be considered. 
The uprighting bends on the TMA loop also can be a reason for 
a decrease in the final molar tipping. Therefore, comparison with 
other studies is not always possible without a strict similarity of 
mechanical and environmental conditions.

Upper molars, first premolars, and upper incisors have vertically 
changed insignificantly. The pendulum is used to prevent molar 
extrusion by rigid bonding and intrusive forces exerted by the 
tongue. Maxillary molar eruption at the mean age of 12 years 
during the 8 months of distalizing treatment did not show statis-
tically significant changes. The first molars intruded 0.1±1.6 mm 
and second molars extruded 0.1±2.4 mm using PP as a reference 
line, and these values seem to be insignificant, especially in the 
bite opening (SN-MP), which was 0.8°±3°. The mean values re-
ported in the literature show an intrusion variable from 0.1 to 
1.7 mm; it has been demonstrated that the pendulum does not 
create critical molar extrusion (9, 25). The design and activation 
of the modified pendulum provide an explanation for the result 
obtained because of the trajectory of the TMA loop, which con-
trasts with the normal eruption of the maxillary molar eruption 
during growth. The first premolars extruded 1.4±1.9 mm and in-
cisors extruded 0.5±1.4 mm; these results are comparable with 
the incisor extrusion caused by the patient’s growth and are in 
accordance with the previous studies that report extrusion on 
the premolar and incisor region (14). An explanatory statement 
is that the appliance itself rotates the maxilla around its cen-
ter of rotation between the molars and premolars but without 
changing the opening of the skeletal bite. This rotation helps to 
prevent an increase in the vertical dimension despite a modified 
pendulum promoting bodily distal movement and smaller distal 
tipping.

The major disadvantage of distalizing techniques, common to 
all intraoral tooth-bonded distalization devices, is the forward 
drift of the anchoring units (21). The resulting loss of anchorage 
is stated by an uncontrolled mesial movement of the medial and 
anterior segments. The first premolars anchorage loss found was 
2.7±3.3 mm mesial movement and 2.5°±5.1° mesial tipping. The 
mean distance obtained by molar distalization and anchorage 
loss was 5.5 mm, and the premolar anchorage loss represents 
49% of the space opened. The systematic revision used as refer-
ence indicates a range between 24% and 46% of anchorage loss 
(9); a greater anchorage loss is probably because of uprighting 
bends that had been added to the TMA springs. Another effect 
of this device is incisor anchorage loss; the forces transmitted 
to anterior teeth and the movements exercised by the activat-
ed springs cause a movement of the anchored incisors (2). The 
amount of anchorage loss of the incisors in this study was 1.5±2.8 
mm and 5°±3.6°. Throughout distalization, the upper incisors are 
proclined as a result of reaction forces that act first on the bond-
ed premolars before being conducted to the incisor segment. 
Therefore, the pendulum could be more appropriate in Class II 
patients with a reduced incisor buccal inclination. Furthermore, 
the variability of results may be influenced by the early use of 
uprighting bends that provide a greater bodily movement, and 
the position of second molars could be an obstacle to first mo-
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lar distalization at the expense of anchorage loss and time (23). 
Skeletal anchorage could be a strategy to prevent anchorage 
loss with the use of an anchored pendulum.

OP Changes
Numerous authors have attempted to explain the factors re-
sponsible for a successful Class II treatment, which could be the 
changes in the level of occlusal line and growth. The cant of the 
OP also describes a vertical trait, which may affect the mandibu-
lar position and solve a skeletal discrepancy. In fact, changes in 
the inclination of the OP can, in part, compensate for unfavor-
able skeletal factors outside the bite to create a normal occlusion 
(26). To date, no study has analyzed the relationship between the 
use of pendulum and OP changes, although some data are avail-
able. There are only a few studies available to compare the OP 
changes (3, 19, 20, 27-29). There is a wide agreement between 
the longitudinal data reported in the literature and data of this 
study, showing progressive horizontalization of the occlusal plan 
followed by simultaneous reduction in the mandibular plane an-
gle as the mandible adapts.

The line that forms the OP is influenced by molar and incisal ver-
tical position. Changes in the vertical position of both maxillary 
and mandibular teeth result in changes in the OP; as a result, the 
definition of OP can be the first discriminating factor, for exam-
ple, bisected or functional OP (30). In addition, changes in the 
OP could depend on the changes in the reference plane: SN, PP, 
and MP.

A comparison of changes in the OP inclination between treated 
and untreated patients should be made, comparing the normal 
changes observed in growing patients by age. It is reported that 
between the age of 12 and 13 years, and SN-OP, PP-OP, and OP-
MP have values of 19.4°, 10°, and 15°, respectively (6). Our study 
reported corresponding values of 19.8°, 11.7°, and 15.8°, respec-
tively, at T1 and 19.3°, 11.2°, and 16.8°, respectively, at T2, after 
a mean time of 8 months of distalization. It is interesting to ob-
serve the trend of changes of these values before and after the 
pubertal growth spurt; as reported, SN-OP and PP-OP decrease, 
whereas OP-MP increases constantly. On an average, a counter-
clockwise rotation of the mandible and OP is expected with age, 
implying a correlation between OP inclination and mandibular 
repositioning during growth and skeletal development (31).

These changes in the orientation of OP play an important role in 
the anterior rotation that takes place during growth. It has been 
also reported that the OP rotates upward and forward an aver-
age of 6.1° between the ages of 6 and 16 years, which allows to 
manage and to possibly solve spontaneously a third of Class II 
discrepancies (7). As mentioned earlier, the pendulum itself ro-
tates the maxilla around its center of rotation, whereas the max-
illary teeth change their vertical position, and the combination 
of both events, concurrently normal growth of the dentofacial 
complex, does not seem to influence the natural tendency of the 
OP to rotate forward. The use of a distalizing appliance that does 
not influence the cant of the OP could be a strategy to not influ-
ence normal growth and favor not only dental but also skeletal 
correction of the Class II malocclusion.

PP-OP decreased 0.5°±0.1° after molar distalization. A reduction 
in this angle was also observed in growing patients with Class 
II; nevertheless, these values seem to be less important in the 
craniofacial complex development (31). OP-MP could be more 
meaningful, more expressive of type, and more expressive on 
the vertical positions of the teeth within the dentofacial com-
plex; this angle is a measure of relative posterior alveolar height 
and also correlates with SN-MP (32). In this study, OP-MP in-
creased insignificantly by 1°±3.4° after molar distalization, start-
ing with a value of 15.8°±3.1°. The position of the occlusal line 
is determined principally by the vertical growth of both upper 
and lower teeth, and its inclination is defined mostly by the de-
velopment of the dentoalveolar bone (31). It has been speculat-
ed that a control of extrusion in the mandibular arch prevents 
clockwise rotation of the mandible, which can lead to a worse 
vertical dimension and aggravate both skeletal and dental Class 
II discrepancies.

The cant of the OP is difficult to correlate with the changes pro-
duced by orthodontic treatment or normal growth, because it is 
necessary to consider many dental and skeletal values, including 
mandibular ones, and the function must also be considered. For 
clinicians, orthodontic treatment of the anteroposterior compo-
nents of malocclusion could aim at changing the OP inclination, 
reducing it, possibly facilitating the adaptation of the mandible 
for an improved skeletal relationship with the maxilla (8). It is rea-
sonable to assume that any variation in the occlusion would alter 
the jaw position in relation to the maxillary occlusal surfaces (31). 
Therefore, the main clinical implication could be to not tip the 
OP by raising the posterior end when a patient starts with high 
SN-MP values to prevent bite opening.

The main limitation of this study was the absence of a control 
group to compare the OP changes; unfortunately, there were no 
previous studies that evaluated the correlation between Class II 
malocclusion and its potential correction related to OP chang-
es. As a preliminary study, the authors did not include a control 
group. Further studies are needed with a control group for com-
parison. Another limitation of this study was the observation 
time of the sample; all the patients were treated with a fixed or-
thodontic appliance after a period of approximately 4 months 
after molar distalization and Nance button retention. It may be 
interesting to evaluate the changes in the OP in patients treat-
ed only with distalization and following the craniofacial growth. 
Limitations of this study also include the evaluation of 3D land-
marks on bidimensional cephalograms and potential bias from 
converting bilateral structures to single outlines; hence, 3D anal-
ysis should be addressed in further studies.

CONCLUSION

The pendulum appliance was effective in distalizing the first and 
second maxillary molars with negligible extrusion, moderate 
distal tipping, and moderate anterior anchorage loss. The pen-
dulum appliance seems to take advantage of its biomechanics 
in not producing significant changes in OP inclination. Further 
long-term and controlled studies are needed to compare the 
present data.
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