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Abstract

Background This study aimed to assess the correlation between maxillary sinus proximity to root apices of maxillary
molars and root resorption during molar distalization using clear aligner therapy (CAT).

Materials and methods Thirty-eight cone beam computed tomography scans (CBCTs) obtained pre- (T0) and
post-treatment (T1) from 19 adult patients (36.68 + 13.50 years), who underwent maxillary molar distalization using
Invisalign® aligners (Align Technology, Inc,, San José, CA, USA) with a minimum of 2 mm distalization, were evaluated
in this study At least 22 h of aligner wear per day was a main inclusion criterion. Sinus proximity and changes in root
lengths were measured for 61 molars (183 roots). Spearman coefficient analysis was used for assessing correlation
between sinus proximity and root resorption. The level of significance was set at p <0.05. The reproducibility of
measurements was assessed by intraclass correlation coefficient (ICC).

Results Spearman coefficient revealed no significant correlation between sinus proximity and molar root resorption
for mesiobuccal, distobuccal or palatal roots (p=0.558, p=0.334, p=0.931, respectively).

Conclusion There was no correlation between maxillary sinus proximity to root apices of maxillary molars and root
resorption.

Keywords Maxillary sinus proximity, Distalization, Clear aligner, Root resorption

Introduction

The maxillary sinus floor is structured with compact cor-
tical bone, formed by the alveolar process and part of the
hard palate [1]. With age-related pneumatization, the
sinus invades the maxillary alveolar process in approxi-
mately half of the adult population, coming close to the
roots of maxillary second premolars and first and second
permanent molars, causing protrusion of the root apices
into the sinus [2, 3]. Tooth movement in the cortical bone
is an anatomical limitation in adults, due to the difference
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in bone turnover and surface-active frequency between
the cortical and trabecular bones [4, 5].

Sun et al. [6] conducted a systematic review to exam-
ine current interventions’ feasibility, safety, and stability
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for moving teeth through the maxillary sinus. Only nine
case reports were included in the review, with only two
reports using cone beam computed tomography (CBCT).
They demonstrated that the application of constant light
to moderate forces to gradually move the teeth through
or into the maxillary sinus in adults appears to be feasible
and safe. They stated that bodily movement is possible,
but teeth seem to be easily tipped initially, potentially
resulting in root resorption.

Apical root resorption (ARR), a permanent loss of hard
tissue on the root apex of a tooth, is an unavoidable con-
sequence in patients treated using fixed appliances and
clear aligner therapy (CAT), although in most cases it is
not clinically significant [7, 8]. Severe ARR is uncommon,
with an incidence between 1% and 5%, however root
resorption can exceed 5 mm or 25% of root length [9].

Since CAT was introduced in the orthodontic practice,
it has had a huge impact because of its superior esthetics
and comfort [10, 11]. Originally promoted as an alterna-
tive treatment for moderate crowding or space closure,
aligners are now considered a treatment option for
complex cases requiring extraction or distalization [12].
Simon et al. [13] postulated that molar distalization can
be accomplished using Invisalign clear aligners system.
Additionally, Ravera et al. [14] proposed that 2.25 mm
maxillary molar distalization can be accomplished with-
out considerable molar tipping.

However, to date, no study has investigated the pos-
sibility that maxillary sinus proximity to the root apices
of maxillary molars might affect root resorption during
their distalization using CAT. Therefore, the aim of this
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study was to assess the correlation between maxillary
sinus proximity to root apices of maxillary molars and
root resorption during molar distalization by CAT using
CBCT.

Materials and methods

This study was approved by the Institutional Review
Board at the Faculty of Dentistry, Alexandria Univer-
sity, Alexandria, Egypt (IRB:00010556—IORG:0008839)
Manuscript Ethics Committee number (0423-04/2022).
All records were of patients who consented for the use
of records for research or educational purposes fol-
lowing the ethical approval at University of Alberta,
Alberta, Canada protocol # (Pro00091339). All records
were de-identified before being enrolled in the study. All
methods were carried out in accordance with the Decla-
ration of Helsinki. Informed consent was obtained from
all subjects/or their legal guardian(s) for the use of their
records. Neither minors nor illiterates were included in
this study.

Inclusion criteria: (1) Adult patients with standardized
treatment protocol for maxillary sequential molar dis-
talization (Fig. 1, A-B). (2) Patients with a minimum of
2 mm actual molar distalization (as measured on CBCT)
(Fig. 1, C-D). (3) Patients selected for the study satisfied
the compliance criteria of wearing aligners for at least
22 h per day, as recommended by Invisalign (Align tech-
nology, Inc., San Jose, CA, USA) with regular monitor-
ing over six weeks for encouragement. Exclusion criteria:
Previous orthodontic treatment and history of systemic

Fig. 1 Sequential molar distalization of upper teeth (A-B), frames extracted by a ClinCheck (Align Technology, Inc,, San Jose, CA, USA). Distance between
coronal plane and mesiobuccal cusp of maxillary first molar before (C) and after (D) distalization
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disease or craniofacial syndromes or presence of cleft
palate.

Thirty-eight cone beam computed tomography scans
(CBCTs) obtained pre- (TO) and post-treatment (T1)
from 19 adult patients treated with molar distalization
using Invisalign by the same health professional in a
single center. A total of 61 maxillary molars (183 roots)
were included in this study. All CBCT images were taken
using the same CBCT machine (i-CAT, Imaging Sciences
International (ISI), PA, USA), and the settings used were
in accordance with manufacturers’ recommendations
(8.9 s, 13x16 cm FOV, 120 k, 10 mA and 360° rotation,
and voxel size 0.3 mm). All images were acquired with
the subjects’ heads positioned such that the Frankfort
horizontal plane ran parallel to the floor. Images were
saved as Digital Imaging and Communications in Medi-
cine (DICOM) format.

CBCT image analysis

Digital CBCT images before and after treatment were
evaluated using Dolphin Imaging software v.11.95 Pre-
mium (Dolphin Imaging, Chatsworth, CA). Each CBCT
image was oriented in the sagittal view with coronal
plane aligned with Nasion perpendicular and axial plane
passing through the Frankfort horizontal plane (Fig. 2,
A). While in the coronal plane, each CBCT image was
oriented with mid-sagittal plane aligned with Nasion
perpendicular and axial plane passing through the infra-
orbital rim (Fig. 2, B). Once orientation was carried out,

A Mid-saggital plane

-

Axial plane

Page 3 of 7

CBCT images and orthogonal planes were not rotated,
images were only translated or scrolled, to ensure a
reproducible reference plane.

Sagittal images of CBCT were used to measure amount
of molar distalization, sinus proximity to root apices and
root resorption. Two sagittal sections were used, one
showing the mesiobuccal (MB) and distobuccal (DB)
root apices, and another showing the palatal (Pa) root
apex. Measurements were performed by the same inves-
tigator using the measurement tool in Dolphin Imaging
software.

Dental characteristics measurements

Maxillary molar distalization and maxillary sinus proximity
The amount of maxillary molar distalization was mea-
sured using CBCT-driven images in the sagittal plane,
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 (T0)
and (T1) (respectively) (Fig. 1, C-D).

The apex-sinus distance (ASD) — the distance between
the root apex of the maxillary molar and the inferior wall
of the maxillary sinus — was measured in the sagittal
images. Measurements were taken according to the fol-
lowing types: Type I: if the roots had no contact with the
inferior wall of the maxillary sinus, the shortest perpen-
dicular distance from the root apex to the inferior wall of
the sinus was measured and regarded as a negative value.
Type II: if there was contact between the root and the

Coronal Slice

Mid-saggital plane

Fig.2 CBCTimages were oriented in the sagittal view with coronal plane aligned with Nasion perpendicular and axial plane passing through FHP (A) and
in the coronal plane with mid-sagittal plane aligned with Nasion perpendicular and axial plane passing through the infraorbital rim (B)
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Fig. 3 ASD, apex-sinus distance; Type | (A,B), Type Il (C,D) and Type Il (E,F)

inferior wall, the distance was regarded zero. Type III: if
the root protruded into the maxillary sinus, the distance
from the root apex to the midpoint between the adjacent
contact points of the root and the sinus floor was mea-
sured (positive value) [15]. This was repeated for the MB,
DB and Pa roots of the maxillary molars (Fig. 3).

Root length

To measure root length, images were scrolled until the
best view of the cemento-enamel junction and root apex
were displayed simultaneously to ensure accurate mea-
surements of root length. Root length was measured as
the perpendicular distance from each root apex to the
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cemento-enamel junction (CEJ). Cemento-enamel junc-
tion was defined as a line joining the mesial and distal
cementoenamel junctions of the molar (Fig. 4). This was
repeated for the MB, DB, and Pa roots of the first and
second maxillary molars, before and after treatment with
Invisalign. Root resorption was measured as change in
root length before and after treatment.

Statistical analysis

Prior to conducting the study, ten CBCTs were used
to calibrate the investigator. The measurements were
repeatedly conducted until an acceptable level of agree-
ment was achieved. All parameters were measured twice
by the same examiner one week apart, to assess intra-
rater repeatability. Also, a second examiner remeasured
ten random cases for assessing inter-rater reliability. This
was evaluated using summary statistics for the differ-
ences between the repeated measurements and intraclass
correlation coefficients (ICCs). Qualitative data were
described using numbers and percentages. Quantitative
data were described using range (minimum and maxi-
mum), 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 root lengths with p<0.05
indicating statistical significance.

Results

The ICC for intra- rater reliability showed excellent
reproducibility for linear measurements (0.94-0.99), in
addition to excellent inter-rater reliability (above 0.9) for
all measurements [16]. Patients’ demographics; mean age
of the patients at start of treatment and sex are presented
in (Table 1). The included roots comprised the following
percentages: 57% were penetrating the sinus, 27% were
in contact with the sinus and 21% were away from sinus.
Values for means, SDs, minimum and maximum mea-
surements, and changes between TO and T1 are reported
in (Table 2). Spearman coefficient revealed no signifi-
cant correlation between sinus proximity and molar root

e

Fig.4 Measurement of root length from CEJ to root apices of the maxillary first permanent molar on sagittal view; (A) DB root length, (B) MB root length

and (C) Pa root length
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Table 1 Distribution of the studied cases according to
demographic data (n=19)

No. %
Sex
Male 6 316
Female 13 684
Age at start of treatment (years)
Minimum — Maximum 21.0-62.0
Mean +SD. 36.68+13.50

SD: Standard deviation

Table 2 Descriptive analysis of the studied cases according to
maxillary molars

n Min. - Max.  Mean+SD.

Maxillary Sinus Proximity (mm)

MB root 61 -7.60-10.50 1.02+290

DB root 61 -2.90-10.50 1224226

Pa root 61 -6.20-8.50 1.06+3.36

Average (all roots) 183  -4.20-8.80 1.10+248
MB Root length (mm)

Initial 61 9.20-19.30 13.23+£1.60

Final 61 9.30-18.50 12.80+1.60

Decrease 61 -1.0-2.40 0.43£0.69
DB Root length (mm)

Initial 61 6.50-19.30 13.05+1.88

Final 61 6.50-18.50 12.56+1.80

Decrease 61 -0.20-3.0 0.50+£0.96
Pa Root length (mm)

Initial 61 9.10-19.30 13.82+£1.99

Final 61 8.50-18.10 13.0£1.97

Decrease 61 -0.80-3.50 0.82+0.87

SD: Standard deviation, MB: Mesiobuccal, DB: Distobuccal, Pa: Palatal

Table 3 Correlation between maxillary sinus proximity and root
apices (mm) and root resorption (mm)

n fs P
Sinus (mm) vs. decrease in root length
(mm)
MB roots 61 -0.076 0.558
DB roots 61 0.126 0.334
Pa roots 61 0.011 0.931
Average (all roots) 183 -0.007 0.930

Statistically significant at p<0.05
r;: Spearman coefficient, MB: Mesiobuccal, DB: Distobuccal, Pa: Palatal

resorption for mesiobuccal, distobuccal or palatal roots
(p=0.558, p=0.334, p=0.931, respectively) (Table 3).

Discussion

Resolving Class II molar relationships by distalizing max-
illary molars is frequently required in Class II non-extrac-
tion patients with minor skeletal discrepancies [17].
Today, sequential molar distalization can be carried out
efficiently using aligners when a mean of 2.25-2.6 mm
molar distalization movement is required [14, 18].
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Previous reports have demonstrated the relationships
between the roots of maxillary teeth and the maxillary
sinus floor using CBCT [19-25]. CBCT, unlike 2D radio-
graphs, provides precise images of the bone around root
apices without distortion or overlapping of surrounding
structures [26, 27].

The availability of pre- and post-treatment CBCT
records in the current study allowed measurement of
sinus proximity to root apices and the amount of root
resorption with high specificity, accuracy and reliability
[28-31]. Root resorption has not been sufficiently studied
in the literature with CAT as Clincheck analysis of three
dimensional (3D) models- with no roots represented - is
the customary tool used with Invisalign. Moreover, treat-
ment outcome in orthodontics is generally evaluated
using 2D) analysis. However, it is difficult to evaluate root
resorption accurately by 2D analysis because ARR is a
three-dimensional topographical change and overlapping
of roots is inevitable [19, 32, 33]. Panoramic and peri-
apical radiographs used to evaluate external apical root
resorption (EARR), may cause distortion, thus overesti-
mate or underestimate the extent of resorption. In addi-
tion, during orthodontic treatment, angulations of the
teeth usually change; thus, the severity of EARR cannot
be evaluated accurately with periapical radiography. In
recent studies, CBCT overcame these shortcomings and
improved the accuracy in measuring root length [28-30,
34].

Correlation analysis showed that sinus proximity to
root apices of maxillary molars had no significant cor-
relation with root resorption during distalization using
CAT. This may be explained by the nature of the cancel-
lous bone of the maxilla and the maxillary sinus space
which do not elicit significant resistance to root move-
ment. The only area of the root that is exposed to cortical
bone would be anywhere along the root length, and rarely
if ever at the root tip putting into consideration that CAT
deliver light forces. Weltman [35] emphasized the impor-
tance of the amount and nature of orthodontic forces on
root resorption. The nature of forces in CAT itself, which
is basically a removable appliance, generates light and
discontinuous forces probably explaining the non-signifi-
cant root resorption [36].

Moreover, root resorption is significantly affected by
gender, malocclusion type, crowding, post-treatment
approximation to the labial and/or palatal plates [37],
amount of overjet before treatment [38], orthodontic
treatment with maxillary premolar extraction [38, 39],
and duration of active treatment [39-41]. Most of these
factors were taken into consideration on designing this
study; patients chosen were adult cases with standardized
treatment protocol for maxillary sequential molar distal-
ization of a minimum of 2 mm actual molar distalization
and were non extraction cases. Furthermore, because the
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study was focused on molar root resorption during molar
distalization, other factors affecting root resorption, like
crowding and the amount of overjet, possibly affect-
ing incisors, did not present confounding factors. Still
some limitations remained which include variable treat-
ment duration due to patients’ compliance, which had a
mean value of 27 months (18 months to 40 months), also
the sample was not distributed into groups according
to sinus proximity. Moreover, the present study did not
consider the type of molar movement i.e., the amount of
bodily/ tipping movement of each molar for both crown
and root.

Several studies agree with the current results, where
Kravitz et al. [42] reported a case of successful maxil-
lary molar intrusion into the maxillary sinus floor with-
out radiographically detectable apical root resorption.
Cacciafesta and Melsen [43] reported a case report with
maxillary molar distalization without radiographically
detectable root resorption on panoramic x-ray. It is worth
noting that all previous studies were case reports.

Despite the minimal root resorption observed in all
studied molars’ roots (<1 mm), the amount of root
resorption was not clinically significant according to
Sharpe,[44] who categorized root resorption of 1-2 mm
as 1° severity (mild root resorption or slight blunting of
root apex). Li et al. [45] and Aman et al. [36] measured
root resorption of anterior teeth during CAT and reached
similar results to those of the current study (less than
1 mm resorption). According to Li et al. [45], the apical
root resorption of patients treated with aligners was less
than that of patients treated with fixed appliances.

Conclusion

Maxillary sinus proximity has no significant correlation
with maxillary molar root resorption during molar dis-
talization using CAT. Within the limitation of this study,
maxillary molar root resorption during distalization with
CAT may not be clinically significant.

Abbreviations

CAT Clear aligner therapy
2D two-dimensional
3DCBCT  Three-dimensional cone beam computed tomography

MB Mesiobuccal

DB Distobuccal

Pa Palatal

EARR External apical root resorption
ASD Apex-sinus distance

FHP Frankfurt horizontal plane
CEJ Cemento-enamel junction
ARR Apical root resorption
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