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Abstract

Background: The objective of this study was
to assess the correlation between maxillary
sinus proximity to root apices of maxillary
molars and changes in molar angulation
(tipping), inclination (torque), and rotation
during molar distalization using clear aligner
therapy (CAT).

Methods: This study evaluated 38 cone beam
computed tomography (CBCT) images
obtained pre (T0) and post (T1) treatment from
19 adult patients who underwent maxillary
molar distalization using Invisalign aligners
(Align Technology, Inc., San Jose, CA, USA)
with at least 2mm distalization. Only those who
wore the aligner for at least 22 hours daily were
included in the study. Sinus proximity and the
changes in tip, torque and rotation were
measured for 61 molars. Spearman coefficient
analysis was used to appraise the correlation
between sinus proximity and each of the other
measured variables. The level of significance
was set at p< 0.05. The reproducibility of
measurements was assessed by the intraclass
correlation coefficient (ICC).

Results: Spearman coefficient revealed a
significant  positive  correlation  between
maxillary sinus proximity to root apices and
molar inclination (buccal crown torque)

(p=0.044). Palatal root proximity to the sinus
was the only individual root eliciting a positive
correlation with molar inclination (p=0.022).
No significant correlation was found between
sinus proximity and molar angulation (tipping)
nor rotation (p= 0.381 and p=0.124,
respectively).

Conclusion: Proximity of maxillary molars
root apices to the maxillary sinus causes more
buccal crown torque during distalization using
CAT, while it has no significant effect on molar
tipping nor rotation.

Keywords: Maxillary sinus proximity, Clear
aligner, Distalization, Angulation, Inlcination,
Rotation.

Introduction

The alveolar process and apart of the hard
palate @ combine to generate dense cortical
bone that makes up the floor of the maxillary
sinus. Since cortical bone turnover is slower
than trabecular bone turnover % tooth
movement in the cortical bone is considered an
anatomical limitation in orthodontic therapy for
adults. About half of adults have sinus invasion
into the maxillary alveolar process, with root
apices of the maxillary second premolar and
first and second permanent molars protruding
into the sinus due to age-related pneumatization
@5 Maxillary sinus pneumatization increases
with higher alveolar ridge atrophy classes,
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which are primarily found in elderly patients
(6), due to prolonged edentulism and
consequent alveolar ridge resorption 9,
Moreover, sinus pneumatization (the sinking of
the sinus bottom) plays an important role in
increasing alveolar ridge atrophy from the
cranial direction (atrophy-induced
pneumatization) ©.

Sun et al. (10) conducted a systematic study to
assess the viability, safety, and stability of
current techniques for moving teeth through the
maxillary sinus. Nine case reports were
included in the review, with only two making
use of cone beam computed tomography
(CBCT). They showed that it is possible and
safe to gradually move teeth through the
maxillary sinus in adults by applying
continuous light to moderate pressures. They
acknowledged the possibility of physical
movement but noted that, at first, teeth appear
to be easily tipped, which could lead to root
resorption. Some studies have suggested that
variable degrees of tipping may occur during
horizontal movement of the tooth across the
sinus floor %2 A finite element analysis
showed that the simultaneous penetration of all
three roots of the maxillary first molar into the
sinus created a bicortical anchorage effect and
reduced the moment-to-force (M/F) ratio 3.

Due to its superior aesthetics “4 and comfort
(15 clear aligner therapy (CAT) has made a
significant impact since its introduction to
orthodontics. Aligners were originally marketed
as an alternate treatment for moderate crowding
or space closure; but, with the development of
new technologies and products, they are also
being considered as a treatment option for
complex cases requiring extraction and
distalization ™. Simon et al. " postulated that
molar distalization can be accomplished using
the Invisalign clear aligners system It has been
observed that using orthodontic clear aligners
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for maxillary molar distalization offers vertical

dimension control ®®. A systematic review by

Rossini et al. 9 concluded that CAT is

effective in controlling upper molar bodily

movement when a distalization of 1.5 mm has

been prescribed, and Ravera et al. (20) found

that 2.25 mm maxillary molar distalization can
be achieved without significant molar tipping.

However, no previous studies have investigated
the possibility that maxillary sinus proximity to
the root apices of maxillary molars might affect
molar movement during their distalization
using CAT. Therefore, the aim of this study
was to evaluate the effect of maxillary sinus
proximity to the root apices of maxillary molars
during their distalization by Invisalign clear
aligners on maxillary molar angulation,
inclination, and rotation using three-
dimensional cone beam computed tomography
(3D CBCT).

Materials and methods
Sampling

The sample size of this retrospective study was
estimated assuming 5% alpha error and 80%
study power. The mean and standard deviation
(SD) values for the difference in molar tipping
after treating patients with aligners were 0.4825
(1.08) mm according to Ravera et al. ?%. Based
on the difference between the two dependent
means, the minimum sample size was
calculated to be 44 molars. The sample size was
based on Rosner’s method @Y, calculated by G
power 3.0.10 @2,

Ethical approval was obtained from the Ethics
Review Committee of the Faculty of Dentistry,
Alexandria University, Alexandria, Egypt
(IRB:00010556- IORG:0008839). All records
were of patients who consented to the use of
records for research or educational purposes
following the ethical approval at the University
of Alberta, protocol # (Pro00091339). All
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records were anonymous before being enrolled
in the study.

We included adult patients who received
standardized treatment protocols for maxillary
sequential molar distalization, and showed
compliance by wearing aligners for at least 22
hours daily, as per recommendations by
Invisalign (Align technology, Inc., San Jose,
CA, USA) with regular monitoring over six
weeks for encouragement. Moreover, a
minimum of 2 mm actual molar distalisation
measured on CBCT was mandatory. Those
with previous orthodontic treatment, systemic
diseases, craniofacial syndromes or cleft were
excluded.

A total of 38 cone beam computed tomography
scans (CBCTs) were taken from 19 adult
patients managed using molar distalization
Invisalign by the same orthodontics in a single
institute. While all the scans were taken pre-
(TO) and post-treatment (T1), this study
enrolled 61 maxillary molars, totaling 183
roots. The same CBCT scanner (i-CAT,
Imaging Sciences International (ISI), PA, USA)
was utilized for all CBCT images in agreement
with manufacturers’ recommendations (8.9 s,
13 x16 cm FOV, 120 k, 10 mA and 360°
rotation, and voxel size 0.3 mm). The heads of
the enrolled participants were positioned in a
way that the Frankfort horizontal plane was
parallel to the floor Digital Imaging and
Communications in Medicine (DICOM) format
was used to save the images.

CBCT image analysis

Pre- and post- treatment digital CBCT images
were assessed using the Dolphin Imaging
software v.11.95 Premium (Dolphin Imaging,
Chatsworth, CA) at Mohamed bin Rashid
University (MBRU). In each image, the mid-
sagittal plane was placed perpendicular to the
Nasion in the coronal and sagittal views
(Figurel,A-B). For measuring the amount of
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molar distalization and molar angulation, the

axial plane was oriented through Frankfort

horizontal plane on the sagittal view. While, to

consistently measure the molar rotation, it was

reoriented to pass through the occlusal plane
(Figurel,C-D).

Sagittal images of CBCT were used to measure
sinus proximity, amount of molar distalization,
molar angulation (mesiodistal tipping). Two
sagittal sections were used, one showing the
mesiobuccal (MB) and distobuccal (DB) root
apices, and another showing the palatal (Pa)
root apex. Coronal slices were used to measure
the molar inclination (Bucco-lingual torque),
while axial slices were used to measure molar
rotation. Measurements were performed by the
same investigator using the measurement tool
in Dolphin Imaging software.

Dental measurements

The amount of maxillary molar distalization
was measured using CBCT-driven images in
the sagittal plane, and linear measurements
were taken from the mesiobuccal cusp of the
maxillary first molar and mesiobuccal cusp of
the maxillary second molar to the coronal plane
at (TO) and (T1) (respectively).

CBCT was used to assess the level of the
maxillary sinus proximity to maxillary molars.
The distance between the root apex of the
maxillary molar and the inferior wall of the
maxillary sinus, the apex-sinus distance (ASD),
was measured in the sagittal images.
Measurements were made according to the
following types: Type I. The shortest
perpendicular distance between the root apex
and the inferior wall of the maxillary sinus was
measured if the roots had no contact with its
wall. Type IlI: the distance was considered as
zero if there was contact between the root and
the inferior wall, Type Ill: The distance from
the root apex to the lower border of the
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maxillary sinus was measured on a midpoint on
each root if the root protruded into the
maxillary sinus. If there was no contact
between the root and the floor of the maxillary
sinus, the distance was regarded as a negative
value, whilst a positive value was considered if
the root protruded into the maxillary sinus @,
The same principle was applied for the (MB),
(DB) and (Pa) roots of the maxillary molars
(Figure 2).

Molar angulation (mesiodistal tipping) was
measured on the sagittal views as the angle
between the long axis of the maxillary molar
(i.e., the line passing through molar bifurcation
and Frankfurt horizontal plane (FHP). This was
repeated on pre- and post-treatment CBCTs
(Figure 3). Molar inclination (bucco-lingual
inclination) was measured on the coronal
sections as the angle between a line connecting
the buccal cusp tip and the palatal root apex
and the FHP (Figure 4). This was repeated on
pre- and post-treatment CBCTSs.

Molar rotation

The CBCT orientation was changed such that
the axial plane went across the occlusal plane
in order to assess molar rotation. On the axial
images, molar rotation was measured as angle
between the line connecting the MB and DB
cusps and the mid-sagittal plane (Figure 5).

Statistical analysis

Statistical analysis was carried to study the
correlation between ASD and the type of molar
movement, and root resorption. Ten CBCTs
were utilized to calibrate the researcher before
the actual investigation was done. Repeated
attempts at taking the measurements were made
until an adequate level of agreement was
obtained. To investigate intra-rater
repeatability, all parameters were examined a
second time by the same examiner one week
apart, with  differences summarized using
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summary statistics and intraclass correlation
coefficients (ICCs) were calculated.
Quantitative data were described using range
(minimum and maximum), mean, and standard
deviation. The Kolmogorov-Smirnov and
Shapiro-Wilk tests were used to verify the
normality of distribution. Spearman coefficient
was used to correlate the maxillary sinus
proximity and the change in the pre- and post-
treatment molar angulation, inclination,
rotation, and root resorption, with p < 0.05
indicating statistical significance.

Results

The ICC showed Excellent reproducibility for
linear measurements (0.94-0.99) and angular
measurements (0.86-0.99) were shown by ICC
@4 As regards correlations between the
maxillary sinus proximity and type of molar
movement, a positive correlation was found
between the average root proximity to
maxillary sinus and molar inclination (buccal
crown torque) (p=0.044). Furthermore, the
palatal root was the only root whose individual
proximity to the sinus was positively correlated
with  molar inclination (p=0.022). No
significant correlation was present between
sinus proximity and molar angulation (tipping)
nor rotation (p=0.381 and p=0.124,
respectively) (Table 1).

Discussion

Class Il non-extraction patients with minimal
skeletal discrepancies often require
distalization of maxillary molars to resolve
Class Il molar relationship @, When a mean
molar distalization movement of 2.25 to 2.6
mm is required, sequential molar distalization
can be performed effectively with aligners
nowadays %2® . However, the proximity of
maxillary sinus to molar roots apices during
molar distalization and its effect on the type of
molar movement has not been documented.
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The availability of pre- and post-treatment
CBCT records with great specificity @7,
allowed for accurate evaluation of sinus
proximity to root apices and type of molar
movement in our study. In addition, the type of
molar movement is best evaluated using CBCT
rather than using the Clincheck with no roots
represented, or the two dimensional (2D)
lateral cephalometry, with its limitation of
superimposition of right and left molars.
Recent advancements in CBCT technology
have also allowed the method to be more
affordable for the dental office, and to be safer
for the patient, due to decreased exposure to
ionizing radiation @9,

One of the merits of the present study was the
feasibility of measurement of molar inclination
(torque), which could only be measured on the
coronal section of 3D-CBCT, as it cannot be
assessed on 2D images like panoramic or
cephalometric radiographs. This seems to be
the first study to evaluate the torque during
molar distalization using aligner therapy, which
could be attributable to the scarcity of CBCT
records before and after treatment with CAT.
This research revealed a positive correlation
between maxillary sinus proximity to maxillary
molar root apices and crown inclination
(buccal crown torque). Finite element analysis
for upper molar distalization concluded that
bodily distal upper molar movement could be
obtained only when rotational axis is at
infinite, and the compressive stress is
homogeneously distributed in the periodontal
ligament @), Thus, it is recommended in cases
requiring maxillary molar distalization using
clear aligners to add molars’ attachments, to
control buccal flaring, especially in cases of
maxillary sinus proximity. Interestingly, when
individual molar root proximity to the
maxillary sinus was investigated, the palatal
root sinus proximity was the only one
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positively correlated with crown inclination.

This might be due to the girth of the palatal

root penetrating the maxillary sinus, thereby

undermining its anchoring effect in the bone,
consequently reducing torque control.

Sinus  proximity showed no significant
correlation with  molar tipping  during
distalization using CAT. Somewhat similar
results were reported by Kim et al. ©, who
studied the effect of maxillary arch distalization
using a modified C-palatal plate in patients with
Class I malocclusion  with  sinus
pneumatization, and concluded that there was
no significant difference in the amount of tooth
movement in the anteroposterior direction
between the two groups with and without sinus
pneumatization. Theoretically speaking, it was
proposed that the distribution of bone density in
the maxillary sinus along the axis of a tooth
must be considered and that the coronal part of
the root is more likely to move against
cancellous bone, while the apical part is more
likely to move against cortical bone, but this
has not been proven by any study @Y. Molar
rotation did not seem to be affected by
proximity of molars’ roots to the maxillary
sinus, as evidenced by the lack of correlation in
CBCT measurements.

Conclusion

Proximity of maxillary first and second molar
root apices to the maxillary sinus causes
significant buccal crown torque during molar
distalization using CAT.

The molars’ palatal roots were the only roots
whose proximity to the maxillary sinus was
positively correlated with crown inclination
(torque) during molar distalization using CAT.

Maxillary sinus proximity has no significant
correlation with molar tipping nor rotation
during molar distalization using CAT.
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Figures legends:

Figure 1: CBCT images were oriented with
the midsagittal plane aligned to nasion
perpendicular (A-D) and the axial plane
aligned to either FHP (A-B) or occlusal plane
(C-D) to consistently measure the selected
parameters that are related to each orientation.

Figure 2: ASD, apex-sinus distance; Type |
(A), Type 11 (B) and Type Il (C).

Figure 3:. Measurement of maxillary first
permanent molar angulation.

Figure 4:. Measurement of maxillary first
permanent molar Inclination.

Figure 5: Molar Rotation measurement on
axial view.

Table 1: Correlation between maxillary sinus proximity to root apices (mm) and change in

molar angulation, inclination and rotation °.

Sinus proximity to molars apices (mm)

MB

DB Pa Average
(all roots)

Is P

Change in molar

angulation °

-0.114 | 0.381

Change in molar
inclination °

0.259 | 0.044

Change in molar
rotation °

rs: Spearman coefficient

*: Statistically significant at p < 0.05

-0.199 | 0.124
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 Mid-sagittal mﬁ'al

Axial plane

Figure 1: CBCT images were oriented with the midsagittal plane aligned to nasion perpendicular
(A-D) and the axial plane aligned to either FHP (A-B) or occlusal plane (C-D) to consistently
measure the selected parameters that are related to each orientation.

—

Figure 2: ASD, apex-sinus distance; Type I (A), Type Il (B) and Type Il (C).
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Figure 3:. Measurement of maxillary first permanent molar angulation.
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Figure 4:. Measurement of maxillary first permanent molar Inclination.
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Figure 5: Molar Rotation measurement on axial view.
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