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Short-term cone-beam computed
tomography evaluation of maxillary third
molar changes after total arch
distalization in adolescents

Yoon-Jin Lee,? Yoon-Ah Kook,? Jae Hyun Park,? Justyn Park,® Mohamed Bayome,? Nikhilesh R. Vaid,®
and Yooniji Kim?®
Seoul, Korea, Mesa, Ariz, San Francisco, Calif, Asuncion, Paraguay, and Dubai, United Arab Emirates

Introduction: Our objectives were to evaluate changes in the position of maxillary third molars with cone-beam
computed tomography images in adolescents after total arch distalization using a modified C-palatal plate
(MCPP) and to compare them with the changes in a matched control group. Methods: We included 68 maxillary
third molars of 40 adolescent patients (mean age, 12.6 years). They were divided into MCPP and control groups.
Cone-beam computed tomography images were taken before and after molar distalization (mean duration,
14.4 months) in the MCPP group and also in the control group (mean duration, 12.9 months). The changes in
the position, angulation, and rotation of the third molars were assessed, and the volumes of maxillary
tuberosity were measured. Results: After distalization, the third molars moved backward (1.2 mm) and upward
(0.5 mm) in the MCPP group with a significant difference (P <0.003), and they moved downward and forward in
the control group. The changes in rotation and angulation were insignificant. The volumes of maxillary tuberosity
increased in both groups. Conclusions: Maxillary total arch distalization caused unerupted third molars to move
backward and upward, with an insignificant difference in the posttreatment volume of maxillary tuberosity. There-
fore, it may be possible to perform maxillary total arch distalization in adolescents with unerupted third molars

without a germectomy, at least in the short term. (Am J Orthod Dentofacial Orthop 2019;155:191-7)

istalization of maxillary molars is a viable, nonex-
traction treatment option for patients with Class 11
malocclusion.'” Extraoral appliances such as
headgear are unesthetic and depend on patient
cooperation. Although conventional intraoral appliances
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such as the pendulum and distal jet address compliance
issues, the disadvantages of tooth-anchored appliances
include loss of anchorage and distal tipping of the mo-
lars.”*” Bone-anchored pendulum appliances cause less
anchorage loss, yet distal tipping of the molars remains
unresolved.”

The modified C-palatal plate (MCPP) has been intro-
duced as a simple and effective approach to maxillary
molar distalization (Fig 1).°7 1t does not require
compliance and is effective in minimizing distal
tipping and molar extrusion during distalization
without anchorage loss. MCPPs have shown significant
amounts of molar distalization in adolescents and
adults, and they produce a skeletal effect on the
maxilla that is comparable with headgear.”

Previous studies have reported the effect of the
maxillary second molar eruption stage on distalization
treatment. Several studies have suggested that the
most effective time for maxillary molar distalization is
before the maxillary permanent second molars have
erupted,””"" although other studies have found
minimal effects of the maxillary second molar eruption
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Fig 1. The MCPP placed on the palate of a patient. The
most apical hook is engaged. It results in more intrusion
and more root movement of the maxillary first molars
compared with the other force vectors.®

stage on molar distalization.'”'” This is still a
controversy.

Headgears have been shown to produce 2.3 mm of
distalization and 4.3° of distal tipping of the first mo-
lars.'* The conventional distal jet produced 2.7 mm of
distalization and 5.0° of distal tipping.” In comparison,
the MCPP has recently shown 2.7 mm of distalization
and 2.0° of distal tipping in adults.® These results may
suggest an effect on third molars, especially when they
are unerupted, since the second molar will push back
the third molar.

In adults with erupted maxillary third molars, extrac-
tion of the third molars is recommended so that the
extraction site can make room for distalization and the
regional acceleratory phenomenon can help with molar
distalization. On the contrary, adolescents usually have
unerupted third molars with partially formed roots'”;
the mean age of third molar alveolar emergence is
20 years.'®'” Kinzinger et al'® recommended a germec-
tomy of the third molars before distalization using a
pendulum appliance in young patients, so that bodily
distalization of the molars can be achieved. However,
the surgical extraction of unerupted third molars in ad-
olescents might be difficult and traumatic. For this
reason, germectomy of maxillary third molars before
molar distalization should be carefully considered in
young patients. To the best of our knowledge, no study
has evaluated the effect of molar distalization on uner-
upted maxillary third molars in adolescents.

Therefore, the purpose of this study was to evaluate
the effect of maxillary molar distalization with MCPPs
on unerupted third molars. Changes in the position of
the maxillary third molars and the volume of maxillary
tuberosity after distalization were measured and
compared with those in the control group.
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Fig 2. Reorientation of x, y, z reference planes using
landmarks: N, nasion; Po, porion; Or, orbitale; ANS, ante-
rior nasal spine; PNS, posterior nasal spine.

MATERIAL AND METHODS

The study sample included 40 patients who visited
the Department of Orthodontics at Seoul St. Mary’s Hos-
pital, Catholic University of Korea. Twenty subjects were
consecutively treated with maxillary molar distalization
using MCPP appliances (MCPP group: mean age,
12.5 years; SD, 1.2 years; 14 girls, 6 boys), and 20 had
no treatment in the maxillary arch (control group:
mean age, 12.7 years; SD, 1.1 years; 8 girls, 12 boys).
The MCPP group included 33 maxillary third molars;
13 patients had both third molars, and 7 patients had
1 third molar. Cone-beam computed tomography
(CBCT) images were taken before MCPP placement for
a pretreatment evaluation of the anatomy and again af-
ter MCPP removal after distalization for the posttreat-
ment evaluation of 3-dimensional (3D) effects (mean
duration, 14.4 months).

The control group included 35 maxillary third molars;
15 patients had both maxillary third molars, and 5 pa-
tients had unilateral maxillary third molars. Two CBCT
images (medium field of view) were taken (mean dura-
tion, 12.9 months) for other reasons such as an impacted
tooth or pathology. Approval was obtained from the
institutional review board of the Catholic University of
Korea (KC11RASI0790), and informed consent was pro-
vided according to the Declaration of Helsinki. The sam-
ple size calculation showed that at least 23 third molars
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Fig 3. A, Position of the maxillary right first molar: the distance from the mesiobuccal cusp to the hor-
izontal (x), frontal (y), and sagittal (2) planes. Rt, Right; Mx, maxillary; MB, mesiobuccal. B, Angulation
of the maxillary first molar: the angle between the long axis of the first molar (mesiobuccal cusp-palatal
root tip) and Frankfort horizontal plane projected on the sagittal (2) plane. Rt, Right; Mx, maxillary; MB,
mesiobuccal. C, Rotation of maxillary first molar: the angle between the crown axis of the first molar
(mesiobuccal cusp-distobuccal cusp) and sagittal (z) plane projected on the horizontal (x) plane. Rt,

Right; Mx, maxillary; MB, mesiobuccal.

were required in each group to identify an effect size of
1.5 units, with an alpha of 0.05 and beta of 0.2 (www.
clincalc.com). The inclusion criteria of the MCPP and
control groups were (1) age from 11 to 14 years, (2) un-
erupted unilateral or bilateral maxillary third molars, (3)
dental Class 11 relationship more than a quarter cusp, (4)
mild to moderate maxillary crowding up to 5 mm, and
(5) CBCT images of good quality. One operator (Y.AK.)
inserted the MCPPs with 3 miniscrews (diameter,
2.0 mm; length, 8 mm; Jeil, Seoul, Korea) in the parame-
dian area of the palate (Fig 1).” A palatal bar with 2
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hooks was banded on the maxillary first molars. Elastics
were connected from the MCPPs to the hooks of the
palatal bar to apply approximately 300 g of force per
side. The mean distalization period was 14.4 months.
CBCT images were taken with an iCAT scanner (Imaging
Sciences International, Hatfield, Pa), with a 200 X 400-
mm field of view, 120 kV(p), and 47.7 mA, resulting in a
voxel size of 0.4 mm.

The CBCT data were exported in DICOM multifile
format and imported into Invivo software (version 5.3;
Anatomage, San Jose, Calif) for 3D volume rendering.
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Fig 4. Volume of the maxillary tuberosity in the CBCT image: A, volume under the palatal plane (ANS-
PNS) and posterior to the maxillary second molar; B, maxillary tuberosity in the CBCT image.

Table I. Baseline characteristics of subjects in the
MCPP and control groups

MCPP (n = 20) Control (n = 20)
Mean SD Mean SD
Patients (n) 20 20
Third molar (n) 33 35
Age (y) 12.4 1.27 12.65 1.14
Sex
Male 6 12
Female 14 8
Treatment duration (mo) 14.4 6.35 12.9 4.04

Reorientation of the head position of each scan was per-
formed as follows. The horizontal plane (x) was
defined as the plane passing through the right orbitale
and the right and left porions, and the sagittal plane
(z) was defined by the plane perpendicular to the hori-
zontal plane passing through anterior nasal spine and
posterior nasal spine. The frontal plane (y) was defined
as the perpendicular plane to x and z through nasion
(Fig 2). All orientations and measurements were made
by 1 examiner (Y.J.L.). Blinding was done for both the
assessor and the biostatistician.

Six landmarks were digitized for reorientation: na-
sion, orbitale, bilateral porions, anterior nasal spine,
and posterior nasal spine (Fig 2). Eight landmarks were
digitized on each side of the dentition: the mesiobuccal
and distobuccal cusps of the maxillary first, second, and
third molars, and the palatal root tip of the maxillary first
and second molars (Fig 3).

The software calculated the linear and angular di-
mensions between certain landmarks as follows.

The distances from the mesiobuccal cusps of the
maxillary first, second, and third molars to the horizontal
(x), frontal (y), and sagittal (z) planes were measured. The
changes in vertical, transverse, and sagittal positions
were calculated using the distance differences before
and after distalization (Fig 3, A).
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Table Il. Pretreatment evaluation of parameters

MCPP Control

Mean SD  Mean SD  Puvalue
Volume (mm3) 419.64 340.50 406.51 427.22 0.897

Angulation (°)

6 axis with FH 94.80 595 99.11 6.36 0.004*

7 axis with FH 88.22 11.12 90.44 6.69 0.564

8 axis with FH 140.97 16.11 140.03 14.60 0.669
Rotation (°)

6 Cr with midsag 1126 671 11.42  7.44 0.524

7 Cr with midsag 5.53 3.62 6.74 6.14 0.102

8 Cr with midsag 15.15 11.88 13.19 9.07 0.873

Position (mm)
6 MBcusp to midsag  26.30  2.54 26.66  2.24 0.878
6 MBcusp to horz 43.65 236 44.00 3.91 0.921
6 MBcusp to front 28.00 496 27.23 3.70 0.379
7 MBcusp to midsag  29.06  2.39 29.83 2.56 0.473
7 MBcusp to horz 37.16 492 3890 4.58 0.178
7 MBcusp to front 36.60 4.55 36.11 3.71 0.497
8 MBcusp to midsag  28.59  2.53 29.36  2.62 0.591
8 MBcusp to horz 24.73 3.84 2546  4.06 0.380
8 MBcusp to front 39.85 3.34 40.80 3.86 0.557

6, First molar; 7, second molar; 8, third molar; Cr, crown; FH, Frank-
fort horizontal plane; MBcusp, mesiobuccal cusp; midsag, midsag-
ittal plane; horz, horizontal plane; front, frontal plane.

*P <0.05.

The angles between the long axes of the first and
second molars (mesiobuccal cusp-palatal root tip)
and the Frankfort horizontal line projected on the
sagittal (z) plane were measured. The changes in
mean tipping angles of the maxillary first and
second molars before and after distalization were
calculated (Fig 3, B).

The angles between the crown axes of the first, sec-
ond, and third molars (mesiobuccal cusp-distobuccal
cusp) and sagittal (z) plane projected on the horizontal
(x) plane were measured. The changes in mean angles
and mean rotations of the maxillary first, second, and
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Table Ill. Treatment effects of the MCPP group
compared with observed changes in the control group
(similar time interval)

Table IV. Posttreatment parameters of the MCPP
group compared with those of the control group

MCPP Control
Mean SD  Mean SD P uwvalue

Volume [mm3) 93.97 262.93 301.40 219.20 0.0017
Angulation (°)

6 axis with FH 0.93 8.26 0.68 4.17 0.944

7 axis with FH —1.28 11.98 0.51 6.43 0.380

8 axis with FH —9.21 18.09 —1.11 17.62 0.078
Rotation (°)

6 Cr with midsag —0.42 7.88 —0.22 5.55  0.402

7 Cr with midsag —0.40 4.08 —0.09 5.56  0.691

8 Cr with midsag 0.88 12.94 2.01 12.00 0.806

Position (mm)
6 MBcusp to midsag  0.07 194 —-0.03 2.02 0.886
6 MBcusp to horz ~ —0.35  2.13 1.84  2.21 <0.001%
6 MBcusp to front 1.65 3.74 —-0.88 2.31 <0.001%
7 MBcusp to midsag  0.02  2.12 0.19 2.06 0.808
7 MBcusp to horz 0.60 2.62 3.14 292 0.001f
7 MBcusp to front 262 3.69 —0.67 236 <0.001%
8 MBcusp to midsag 0.42 236 0.23 2.16 0.761
8 MBcusp to horz ~ —0.47 246  2.79  2.34 <0.001%
8 MBcusp to front 1.21 3.45 —-0.14 2.26  0.010*

6, First molar; 7, second molar; 8, third molar; Cr, crown; FH, Frank-
fort horizontal plane; MBcusp, mesiobuccal cusp; midsag, midsag-
ittal plane; horz, horizontal plane; front, frontal plane.

*P <0.05; tP <0.001; {P <0.0001.

third molars before and after distalization were calcu-
lated (Fig 3, C).

The bone volume of the maxillary tuberosity was
measured with the Invivo software. The volume of
bone, under the palatal plane (ANS-PNS) and posterior
to maxillary second molar, was measured (Fig 4).

Ten randomly selected subjects were reprocessed
4 weeks later to evaluate intraoperator reliability. The in-
traclass correlation coefficient showed that the measure-
ments were reliable (>0.9).

To eliminate interexaminer reliability, a trained
orthodontist (Y.J.L.) measured all subjects. Intraexa-
miner reliability scores confirmed the reliability of the
CBCT measurements.

Statistical analysis

Statistical evaluations were performed with software
(version 16.0; SPSS, Chicago, 111). The Shapiro-Wilk test
was used to confirm the normal distribution of the mea-
surements. A paired ¢ test was used to evaluate the
changes between CBCT images in each group. A multi-
variate analysis of covariatestest was performed to eval-
uate the pretreatment and posttreatment differences
and the treatment effects between the groups. Age
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MCPP Control
Mean SD  Mean SD P wvalue
Volume (mm?>) 513.61 329.81 707.91 538.81 0.090
Angulation (°)
6 axis with FH 95.73 9.33 99.80 5,50 0.016*
7 axis with FH 86.94 17.08 90.95 5.83 0.283
8 axis with FH 131.77 22.48 138.92 12.51 0.164

Rotation (°)
6 Cr with midsag 10.84 6.63 11.20 7.44 0.901
7 Cr with midsag 5.13 2.94 6.65 459 0.114
8 Cr with midsag 16.03 11.54 1520 12.53 0.905

Position (mm)
6 MBcusp to midsag  26.37  2.14 26.64 1.79 0.969
6 MBcusp to horz 4330 2.84 4585 3.31 0.007*
6 MBcusp to front 29.65 535 2634 3.58 <0.001%
7 MBcusp to midsag  29.08  2.25 30.03 2.26 0.303
7 MBcusp to horz 37.77 5.56 42.04 3.43 0.001f}
7 MBcusp to front 39.23 4.84 35.44 3.34 <0.001%
8 MBcusp to midsag  29.01 2.38 29.59 2.45 0.780
8 MBcusp to horz 2426 450 28.25 3.40 <0.001%
8 MBcusp to front 41.05 4.44 4065 3.54 0.159

6, First molar; 7, second molar; 8, third molar; Cr, crown; FH, Frank-
fort horizontal plane; MBcusp, mesiobuccal cusp; midsag, midsag-
ittal plane; horz, horizontal plane; front, frontal plane.

*P <0.05; tP <0.001; 1P <0.0001.

and sex were the covariates. Statistical significance was
set at 0.05, and the Bonferroni correction was applied.

RESULTS

Table 1 shows the distributions of subjects in the MCPP
and control groups. There were no significant differences
in ages and times between the groups. Table 11 demon-
strates that the pretreatment variables were also insignif-
icantly different between the 2 groups (P <0.003).

Table 111 describes the comparison of treatment ef-
fects in the MCPP group with those of the control at a
similar time interval. The positions of the maxillary
first, second, and third molars had significant differ-
ences (P <0.001). Although the maxillary first, sec-
ond, and third molars moved downward and forward
during the eruption process in the control group,
the molars moved backward and upward in the
MCPP group. The first and third molars moved 0.35
and 0.47 mm upward, respectively, in the MCPP
group; the first, second, and third molar moved 1.8,
3.1, and 2.8 mm downward, respectively, in the con-
trol group. The first, second, and third molars moved
1.7, 2.6, and 1.2 mm backward, respectively, in the
MCPP group, and they moved 0.9, 0.7, and 0.1 mm
forward in the control group. Although the volume
of maxillary tuberosity increased in both groups, the
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Fig 5. Differences in third molar positions in the control and MCPP groups: A, the control group had a
downward and forward pattern of movement; B, the MCPP group had a backward and upward pattern
of movement.

amount of increase was significantly greater in the
control group. The posttreatment comparison of the
volume of maxillary tuberosity showed no difference
(P = 0.09).

Table 1V shows the posttreatment parameters of the
MCPP group compared with those of the control group.
The sagittal positions of the first and second molars, and
the vertical positions of the second and third molars were
significantly different. The angulation and rotation of
the molars showed no differences. The volume of maxil-
lary tuberosity also showed no significant difference be-
tween the groups.

DISCUSSION

Increased application of molar distalization for Class
11 treatment has caused interest in position changes of
the second and third molars, especially in adolescents.
Therefore, in this study, we focused on the maxillary
third molar positions after maxillary molar distalization.

In this study, the MCPP group showed 1.7 mm of dis-
talization of the maxillary first molars. This amount of
distalization was smaller than in previous studies.®’
However, compared with the control group, which
showed a 0.9-mm mesial drift of the first molars, the
actual amount of distalization could be larger. The
amount of distalization was comparable with another
study that used MCPPs in adults.”

Kinzinger et al'? assessed the effects on the third mo-
lars after maxillary molar distalization with a modified
pendulum. The third molar tooth bud acted as a fulcrum
so that tipping of the second molar was pronounced:
7.9° to the palatal plane during 2.6 mm of distalization.

February 2019 e Vol 155 e Issue 2

Kang et al'? also evaluated this effect using a 3D finite

element analysis. The presence or absence of a third
molar follicle had no significant effect on first molar
movement. However, in our study, the maxillary molars
were distalized without distal tipping or rotation with a
third molar follicle with 1.3° of distal tipping of the
angulation and 0.4° of distal rotation during 2.6 mm
of distalization.

The maxillary third molars erupt downward, back-
ward, and often outward.” Control group patients
showed 0.1 mm of forward and 2.3 mm of downward
movement. In the MCPP group, the third molars
moved 1.2 mm backward and 0.5 mm upward. Howev-
er, in the MCPP group, the maxillary third molars
moved in a direction opposite to that of the control
group (Fig 5).

On comparing the 2 groups, we found that the
volume increased by 94.0 mm’® in the MCPP
group and 301.4 mm’ in the control group. Authors
of a previous study evaluated the maxillary
tuberosity bone dimensions after distalization with
MCPPs in adults and found that the total retromolar
bone length—the distance between the curvature of
the maxillary tuberosity and cementoenamel junction
of the second molars projected on the midsagittal
plane—showed a significant increase of 0.57 mm dur-
ing treatment.”’ Our study also demonstrated in-
creases of maxillary tuberosity in both groups.
Although the mean change in the volume was signif-
icantly greater in the control group compared with
the MCPP group, the posttreatment comparison
showed no difference (P = 0.09), possibly due to
large individual variability.
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Because our subjects were adolescents, a matched

control group was necessary to evaluate the effects of
maxillary distalization on the unerupted third molars
in stages 3 to 7 of Nolla.”” Another limitation of our
study was the sex distributions in the groups. Since
this was a sample of growing patients, sex can be a con-
founding factor.

CBCT images provide more accurate location and

morphology of impacted teeth. Also, 3D volume analysis
can be performed with high precision.”” Because our
study focused on unerupted maxillary third molars,
CBCT images were necessary to accurately locate land-
marks on third molars in the bone. The position, angu-
lation, and rotation of maxillary molars from 3D
perspectives were observed. Also, the volume of maxil-
lary tuberosity was evaluated with CBCT images.

Our findings could be helpful in understanding

maxillary molar distalization before third molar erup-
tion. In the MCPP group, molar distalization was suc-
cessful without a germectomy, and the third molars
moved backward and upward. So, in adolescent patients
with unerupted third molars that need distalization, cli-
nicians can distalize the molars without removal of the
developing third molars at this stage. Assessment of
the third molar positions after distalization over a long
term will be needed in a future study.

CONCLUSIONS

This study was retrospective; in its confines, we made

the following observations.

1.

Maxillary distalization caused the unerupted third
molars to move backward and upward in the
MCPP group, whereas in the control group, they
moved downward and forward.

Although the amount of increase in the volume of
maxillary tuberosity after distalization was smaller
in the MCPP group than in the control group, there
were no significant differences between the groups.

The results of this study suggest that distalization in

adolescents with unerupted third molars may be done.
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