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Abstract: Background: Clear aligners (CA) are used 22 h daily, creating a bite-block effect. This
work aims to (i) analyze occlusal changes before the beginning of treatment, after the first set of
CA and after the use of additional aligners; (ii) compare planned occlusal contacts with the ones
obtained after the first set of CA; (iii) analyze the occlusal changes occurred after reaching the
orthodontic goals after 3 months of using CA only at night; (iv) evaluate and characterize which
tooth movements did not allow the treatment to be completed at the end of the first set of aligners,
and finally (v) verify the possible relation between the changes in occlusal contact and areas and
parameters such as case complexity and facial biotype. Materials and Methods: A quantitative,
comparative, and observational longitudinal cohort study design was implemented to evaluate the
clinical data and the complexity levels of cases receiving CA. A non-probabilistic and convenience
sample of 82 individuals was recruited. The orthodontic malocclusion traits were classified as
simple, moderate, or complex corrections based on the basis of the Align® recommendations with
the Invisalign® evaluation tool. According to the Invisalign® criteria, patients need only one complex
problem for their case to be classified as complex. Meshlab® v. 2022.02, ClinCheck® version Pro
6.0, My-Itero® version 2.7.9.601 5d plus, and IBM® SPSS Statistics software (Statistical Program
for Social Sciences), version 27.0 for Windows were the software® used. Results: A statistically
significant decrease in area and occlusal contacts number were observed from before the start of
orthodontic treatment (T0) to the end of treatment (T1). The changes in the occlusal area (from
T0 to T1) were statistically different between hyperdivergent (28.24 [15.51–40.91]) and hypodivergent
(16.23 [8.11–24.97]) biotypes (p = 0.031). A significant difference between the hyperdivergent (4.0 [2.0–
5.0]) and normodivergent (5.5 [4.0–8.0]) group was found in T1 for the anterior contacts (p = 0.044).
Anterior contacts obtained were significantly higher than the planned (p = 0.037) Between T1 and
T2 statistically significant increases of occlusal areas, posterior and total contacts were observed.
Conclusions: Occlusal contact and area were decreased, either at the end of the first set or after
the use of additional aligners. Anterior occlusal contacts obtained were higher than planned as
opposed to posterior occlusal contacts obtained. The hardest tooth movements to achieve to complete
the treatment were distalization, rotation, and posterior extrusion. After completing orthodontic
treatment (T1) to 3 months after (T2) using additional aligners only at night, posterior occlusal
contacts were significantly increased, which could be due to the natural settling of the teeth in this
period.
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1. Introduction

Orthodontics has been one of the areas in Dentistry seeing rapid development. The
use of aesthetic brackets, lingual orthodontic appliances, or clear aligners (CA) appeared
to hide the use of metal brackets [1]. With regards to clear aligner treatment (CAT), the
use of a planning software has allowed higher predictability. However, some of the
main disadvantages of these treatments are the limited control of root movement and
intermaxillary correction [1].

Planning an orthodontic treatment with CA is performed differently from conven-
tional fixed treatment, although the basic orthodontics concepts remain the same [2]. It
is necessary to consider that, regardless of the technique used, several occlusal changes
happen due to tooth movement during orthodontic treatment [3–5]. Therefore, developing
a balanced occlusion for allowing a proper function is one of the issues that needs to and
considered when implementing an individualized treatment plan [6].

The most mentioned limitation in the literature refers to CAT as less effective in
achieving occlusal contacts than fixed appliances. Controlling the buccolingual tipping of
posterior teeth is also difficult, due to the creation of an artificial interference linked to the
use of the CA, referred as “bite-block effect” in the literature [1,7,8]. The failure to achieve
stable and solid occlusal contacts has been discussed as one of the reasons for the higher
relapse rate associated with CAT [1,7]. This lack of posterior contacts can resolve itself,
naturally after the conclusion of the treatment, called settling of occlusion [9]. Depending
on the clinical orthodontic situation, the proposed treatment plan often implements only
one set of aligners [10,11]. However, this is not always feasible and in order to meet, with
CA, esthetic and functional treatment objectives with often further additional aligners are
required to attain all orthodontic treatment (OT) objectives [12–14].

Although the algorithm in the ClinCheck® software (Invisalign® system) determines
the tooth movements necessary to obtain the desired final occlusion, several experts recom-
mend planning an overcorrection due to possible relapses [13,15]. In addition to this, the
orthodontist must perform excellent vertical control taking into consideration the vertical
characteristics of the patient [16,17]. For instance individuals with a hyperdivergent biotype
are usually have a more flaccid and weakened facial musculature [18,19]. In those cases, the
orthodontist must provide greater control of vertical growth during orthodontic mechanics,
mainly due to the possibility of the posterior sectors extrusion, aggravating the vertical
tendency [20]. The hypodivergent biotype, on the other hand, is associated with greater
muscle strength, requiring stronger opening biomechanics and, in these cases, avoiding the
tendency for posterior sectors to intrude [17].

It is not sufficiently studied how the number of occlusal contacts and area evolve
during a CAT, taken into account the different case complexities. This real issue needs
to be understood in order to achieve the best results from CAT. Thus, this article aims to
(i) analyze occlusal changes before the beginning of treatment, after the first set of CA
and after the use of additional aligners; (ii) compare planned occlusal contacts with the
ones obtained after the first set of CA; (iii) analyze the occlusal changes occurred after
reaching the orthodontic goals after 3 months of using CA only at night; (iv) evaluate and
characterize which tooth movements did not allow the treatment to be completed at the end
of the first set of aligners, and finally (v) verify the possible relation between the changes in
occlusal contact and areas and parameters such as case complexity and facial biotype.

2. Materials and Methods
2.1. Study Design

This study is a quantitative, comparative, and observational longitudinal cohort study
design. It followed the Declaration of Helsinki (1975, updated 2013), it was designed in
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accordance with CONSORT (http://www.consort-statement.org/, accessed on 16 Decem-
ber 2019), and it was approved by the local Ethics Committee (protocol 1/CE-IUCS/2019).
After the explanation, evaluation, agreement, and signing of the Informed Consent, the
patients were enrolled.

2.2. Samples and Eligibility Criteria

A non-probabilistic and convenience sample was recruited from cases with complete
permanent dentition (excluding third molars). They were undergoing orthodontic CAT in
a private clinic under the supervision of a double specialist in Orthodontics and Odontope-
diatrics, also an Invisalign Diamond Provider (T.P.). This study’s inclusion and exclusion
criteria are reported in Table 1. Our study sample consists of eighty-two individuals (n = 82)
that completed the first set of aligners (regardless of whether their planned orthodontic
objectives were achieved).

Table 1. Inclusion and exclusion criteria for the study.

Inclusion Conditions

Individuals with entire definitive dentition are guaranteed to undergo orthodontic treatment with clear aligners;
Must already have performed all the first series of orthodontic treatments with all clear aligners used;

Individuals with available and complete cephalometric analysis.

Exclusion conditions

Individuals whose occlusal records were incomplete;
Individuals with cognitive or neurological alterations, with identified syndromes, a history of head and neck

trauma and/or tumors, and metabolic disorders that affect the joints and/or muscles;
Individuals who were being treated with anti-inflammatory drugs, analgesics, or psychiatric medication;

Individuals who had odontogenic pain or periodontal problems.

2.3. Occlusal Measurements

After analyzing the clinical records, each participant’s characteristics were collected
at the beginning of CAT (T0) and evaluated, namely gender and age. Cephalometric
tracing, overbite, overjet, and facial biotype (FMA) were also measured and assessed. The
facial biotype classification was performed taking into account the FMA angle (formed
by the Frankfurt plane and the mandibular plane), with participants being classified as
hypodivergent when values were equal to or below 22 degrees, normodivergent 23 to
27 degrees and hyperdivergent with values equal to or above 28 degrees [21,22].

The evaluation was performed for all individuals at different time-points: (T0) before
starting the CAT (T1) at the end of the orthodontic treatment when the orthodontic goals
have been achieved (either at the end of the first set of CA or after the use of additional
aligners to complete the treatment) and (T2) 3 months after the end of the first set and
using additional aligners only at night. At all these time-points occlusal contacts and
areas were evaluated. For each participant, intra-oral images from iTero® and photographs
of the oral cavity were first obtained and then treated with the ClinCheck® software to
obtain the treatment plan. The needed PLY file was recovered from the intraoral scanner
as follows: selected in the Itero® software: “open Shell”, “arches combined (arches locked
in bite relation)”, and “PLY (color)”. Those PLY files were then used and analyzed by the
Meshlab® software to obtain the occlusal areas. Those procedures where repeated at T0,
T1 and T2 for all individuals. The occlusal area calculated through Meshlab® took into
consideration the distance between inter-arch occlusal contacts equal or less than 0.2 mm,
as previously mentioned in the literature [23,24]. The areas that fit these parameters appear
as marked with a red coloration.

Cephalometric measurements and above-mentioned data were organized in an Excel
file. These were later used for statistical analysis. MeshLab® software was used to obtain
occlusal areas from T0, T1 and T2. To minimize errors of recollection, a classical clinical
occlusion analysis using articulating paper was also performed. This additional assessment
was used to ensure accuracy of the digital models and bite registration. Only the planned
occlusal contacts were treated through ClinCheck® software. Any opposing pair of teeth,
maxillary and mandibular were counted as one occlusal contact. Counting the pairs was

http://www.consort-statement.org/
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performed on the lower arch. The maximum expected number of occlusal contacts in a
twenty-eight-tooth dentition is fourteen. The maximum of posterior occlusal contacts is
eight, and the maximum of anterior occlusal contacts is six. Third molars were excluded
for the areas and occlusal contact measurements.

2.4. Orthodontic Intervention

The individuals were instructed to use each aligner for as many hours as possible
(20–22 h/day) and only to remove them to eat and perform oral hygiene. The aligners were
changed every seven days, as recommended by Align® protocols. The control consultations
were carried out every two months. Additional aligners are recommended in two distinct
situations: (a) when orthodontic goals have not been reached in the context of the first
Clincheck® orthodontic objectives or (b) to use only at night, in cases where the OT goals
were attained, to improve the occlusal contacts and refine any minor orthodontic details
needed to enhance occlusion.

2.5. Clinical Assessment—Complexity of the Case

Based on the clinical data (clinical photographs, radiographs, and digital images
through intra-oral scanner), the complexity levels of cases receiving CAT were indepen-
dently assessed by two authors (V.M. and S.B.). In cases of discrepancy, a third researcher
was consulted (T.P.). For this purpose, an online assessment tool available in Invisalign®

Doctor Site was used [11]. The orthodontic malocclusion traits were classified as sim-
ple, moderate, or complex corrections based on the Align® recommendations with the
Invisalign® evaluation tool. According to the Invisalign® criteria, patients only need one
complex problem for their case to be classified as complex. The evaluator of case complexity
is composed of a series of clinical conditions that lead to a final classification: simple, mod-
erate, or complex. This classification considers different parameters: type of dentition, need
for surgery, the amount of spacing, crowding, rotations, narrow arches, posterior cross-bite,
anteroposterior correction, anterior cross-bite, anterior open bite, deep bite, and need to
extraction. Each of these parameters has sub-parameters which were also evaluated.

2.6. Sequenced and Tooth Speed Movement Control

A different sequencing model of tooth movement can be decided by the responsible
specialist. This kind of sequencing is performed according to Bollen et al. and Clement
et al., If less movement is built into each aligner, then the number of aligners needed for
each required movement will be increased. This different sequencing intends to fractionate
the desired movement, to ensure its success. The aligners were changed weekly to ensure
the planned complex movement [25,26].

2.7. Statistical Analysis

Data analysis was performed using the IBM® SPSS program (Statistical Program for
Social Sciences), version 27.0 for Windows. Descriptive statistics were performed to estimate
frequencies, percentages, means, medians, standard deviations, minima, and maxima. The
Shapiro-Wilk test was used to assess the normality of the variables under study. Since they
did not follow a normal distribution, a non-parametric analysis was applied. Therefore, to
compare the areas and the number of occlusal contacts, anterior and posterior, between
T0 and T1, the non-parametric Wilcoxon Signed-Rank test was used. The contact area
and the number of anterior and posterior occlusal contacts at T0 and T1 were compared,
for the different combinations of biotypes, using the non-parametric Kruskal-Wallis test,
followed by Dunn’s test with Bonferroni correction to understand which ones differed
significantly from each other. Kruskal-Wallis effect size and respective confidence intervals
were calculated in R [27] based on Tomczak and Tomczak (2014), using boostrapping with
1000 replications. It was considered <0.06 (small effect), <0.14 (moderate effect) and ≥0.14
(large effect). Fisher’s exact test was used to assess the relationship between the complexity
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of the case and the facial biotype. Friedman test was used to evaluate the occlusal contacts
and areas between T0, T1, and T2.

3. Results
3.1. Sample Characteristics

According to the inclusion and exclusion criteria (Table 1), the final sample included
participants ages ranging from 12 to 49 years old (average 23.67 ± 10.17), 54 females (65.9%),
and 28 males (34.1%). Regarding the facial biotype, 34 presented a normodivergent biotype
(41.5%), 27 hyperdivergent (32.9%), and 21 (25.6%) hypodivergent. Most participants
showed a normal overbite (85.4%) and normal overjet (76.8%). The clinical study of the
sample revealed 42 cases with an open bite (51.2%), 28 with a deep bite (34.1%), and finally,
12 presented a normal bite (14.6%).

The 82 subjects in the sample completed the first set of aligners. Of these, only
54 achieved the proposed orthodontic goals and finished their orthodontic treatment, and
the last 28 did not reach the planned orthodontic goals despite finishing the first set of
aligners, so not completing the orthodontic treatment.

3.2. The Occlusal Contact and Area at T0 and T1 of the 82 Subjects

The descriptive statistics referring to the continuous variables are reported in Table 2
and Figures 1 and 2.

Table 2. Descriptive statistics referring to continuous variables.

Average SD Median Minimum Maximum

Occlusal Area T0 54.13 38.54 41.56 3.40 136.81
Occlusal Area T1 25.25 20.41 21.51 1.83 142.86

Anterior Contacts T0 3.57 2.19 4.0 0 6
Anterior Contacts T1 5.04 2.38 5.0 0 8
Posterior Contacts T0 7.00 1.59 8.0 1 8
Posterior Contacts T1 3.51 1.84 4.0 0 6

Anterior Programmed Contacts T0 0.63 1.19 0 0 6
Posterior Programmed Contacts T0 7.61 0.90 8.0 5 10
Anterior Programmed Contacts T1 0.76 0.97 0 0 4
Posterior Programmed Contacts T1 7.53 1.42 8.0 0 9
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orthodontic treatment, (T1) the end of treatment and (T2) 3 months after using additional aligner 
only at night. 
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Figure 1. Analysis posterior occlusal contacts. T0, T1 and T2 of the 54 individuals that achieved
the proposed orthodontic goals on the first set of aligners. Related Sample Friedmand’s Two-Way
Test. ** Significant difference from posterior contacts T0 and T1 (p < 0.001) and T1 and between
posterior contacts T1 and posterior contacts only with night use (p < 0.001). (T0)—before the start
of orthodontic treatment, (T1) the end of treatment and (T2) 3 months after using additional aligner
only at night.



J. Clin. Med. 2023, 12, 3435 6 of 21

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 6 of 22 
 

 

 
Figure 1. Analysis posterior occlusal contacts. T0, T1 and T2 of the 54 individuals that achieved the 
proposed orthodontic goals on the first set of aligners. Related Sample Friedmand’s Two-Way Test. 
** Significant difference from posterior contacts T0 and T1 (p < 0.001) and T1 and between posterior 
contacts T1 and posterior contacts only with night use (p < 0.001). (T0)—before the start of 
orthodontic treatment, (T1) the end of treatment and (T2) 3 months after using additional aligner 
only at night. 

 
Figure 2. Analysis anterior occlusal contacts. T0, T1 and T2 of the 54 individuals that achieved the 
proposed orthodontic goals on the first set of aligners. (T0)—before the start of orthodontic 

Fr
eq

ue
nc

y

N = 54
Min = 0
Max = 6
Mean = 3.4
Std. Dev. = 2

Anterior Occlusal Contacts T0

Fr
eq

ue
nc

y

Anterior Occlusal Contacts T1

N = 54
Min = 0
Max = 6
Mean = 3.8
Std. Dev. = 1.72

Fr
eq

ue
nc

y

Anterior Occlusal Contacts T2

N = 54
Min = 0
Max = 6
Mean = 3.8
Std. Dev. = 1.84

Anterior Occlusal Contacts T1

Figure 2. Analysis anterior occlusal contacts. T0, T1 and T2 of the 54 individuals that achieved the
proposed orthodontic goals on the first set of aligners. (T0)—before the start of orthodontic treatment,
(T1) the end of treatment and (T2) 3 months after using additional aligner only at night. Related
Sample Friedmand’s Two-Way Test.

3.3. Occlusal Area and Number of Anterior and Posterior Contacts before and after the First Set of
CAT of the 82 Subjects

Table 3 presents the obtained results when comparing the occlusal area and the number
of anterior and posterior contacts at T0 and at T1. We found that there are statistically
significant differences in terms of the occlusal area (Z = −5.59; p < 0.001), with a decrease
after the first set of the CA (T1). Similarly, the number of posterior occlusal contacts
was significantly reduced (Z = −7.39; p < 0.001) after the first set of the CA (T1). Finally,
regarding the number of anterior occlusal contacts, there were statistically significant
differences (Z = −3.81; p < 0.001), showing an increase in the number of contacts after the
first set of CAT (T1).

Table 3. Comparison of occlusal areas, anterior and posterior contacts at T0 and T1.

N Mean Rank Z p

Occlusal Area T1—Occlusal Area T0
Negative Ranks 55 a 41.71

−5.50 <0.001Positive Ranks 17 b 19.65
Ties 10 c

No. of Posterior Contacts T1
No. of Posterior Contacts T0

Negative Ranks 73 d 41.23
−7.39 <0.001Positive Ranks 5 e 14.30

Ties 4 f

No. Anterior Contacts T1
No. Anterior Contacts T0

Negative Ranks 27 g 27.78
−3.70 <0.001Positive Ranks 49 h 44.41

Ties 6 i

a Occlusal Area T1 < Occlusal Area T0; b Occlusal Area T1 > Occlusal Area T0; c Occlusal Area T1 = Occlusal Area
T0; d No. of Posterior Contacts T1 < No. of Posterior Contacts T0; e No. of Posterior Contacts T1 > No of Posterior
Contacts T0; f No.of Posterior Contacts T1 = No of Posterior Contacts T0; g No. of Anterior Contacts T1 < No. of
Anterior Contacts T1; h No. of Anterior Contacts T1 > No. of Anterior Contacts T1; i No. of Anterior Contacts
T1 = No. of Anterior Contacts T1. Wilcoxon Signed Test.

3.4. Number of Programmed Anterior and Posterior Contacts and Those Obtained after the First
Set of CAT of the 82 Subjects

Evaluating the obtained results (Table 4), posterior contacts were found to be statisti-
cally different after the first set of CA (Z = −6.52; p < 0.001), attesting that the number of
contacts in T1 after the first set of CA, were lower than programmed. In addition, the num-
ber of verified anterior occlusal contacts in T1 were significantly higher than programmed
(Z= −7.45; p < 0.001).
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Table 4. Comparison between number of programmed and obtained, anterior and posterior contacts
after the first set of CA.

N Mean Rank Z p

No. of Posterior Contacts T1—No. of
Programmed Posterior Contacts

Negative Ranks 60 a 36.32
−6.52 <0.001Positive Ranks 7 b 14.14

Ties 15 c

No. of Anterior Contacts T1—No. of
Programmed Anterior Contacts

Negative Ranks 3 d 38.26
−7.48 <0.001Positive Ranks 77 e 18.50

Ties 2 f

a No. of posterior contacts T1 < No of scheduled posterior contacts; b No. of posterior contacts T1 > No. of
scheduled posterior contacts; c No. of posterior contacts T1 = No. of scheduled posterior contacts; d No. of
anterior contacts T1 < No. of anterior contacts scheduled; e No. of anterior contacts T1 > No. of anterior contacts
scheduled; f No. of anterior contacts T1 = No. of anterior contacts scheduled. (Wilcoxon Signed Test).

3.5. Occlusal Area and the Number of Anterior and Posterior Contacts, according to Facial Biotype
on the 82 Subjects

The comparison between the three facial biotypes (Table 5) showed a decrease in
the occlusal area at the end of the first series of CA in all 82 cases and regarding anterior
contacts obtained at T1. The posterior contacts before and after the end of the first set of
CA presented no statistically significant differences between the groups. A low effect size
was obtained for the occlusal area as well as for the anterior and posterior occlusal contacts
at T0. At T1, a moderate effect size was found only for the occlusal areas.

Table 5. Comparison of the occlusal area and the number of anterior and posterior contacts at T0 and
T1, according to facial biotype.

Normodivergent
(n = 34)

Hyperdivergent
(n = 27)

Hypodivergent
(n = 21) H p Effect Size

Occlusal Area T0 46.02 [21.61–92.22] 41.28 [26.75–85.39] 41.30 [19.83–81.35] 0.323 0.851 [−0.1; 0.93]
Occlusal Area T1 21.82 [12.79–32.80] 16.23 [8.11–24.97] * 28.24 [15.51–40.91] * 7.59 0.022 [−0.08; 0.18]

Anterior Contacts T0 4.5 [2.0–6.0] 4.0 [2.0–6.0] 4.0 [1.0–5.5] 1.45 0.778 [−0.1; 0.01]
Anterior Contacts T1 5.5 [4.0–8.0] ** 4.0 [2.0–5.0] ** 6.0 [3.0–8.0] 6.49 0.037 [−0.09; 0.16]
Posterior Contacts T0 8.0 [7.0–8.0] 8.0 [6.0–8.0] 7.0 [6.0–8.0] 2.26 0.323 [−0.11; 0.07]
Posterior Contacts T1 4.0 [2.0–5.0] 4.0 [1.0–4.0] 4.0 [1.0–5.0] 2.26 0.324 [−0.11; 0.06]

Data summarized as the median and interquartile range (IQR); p-value derived from the Kruskal-Wallis test
and Dunn’s test. * Significant difference between the hyperdivergent and hypodivergent groups (p = 0.031);
** Significant difference between the hyperdivergent and normodivergent groups (p = 0.044). (Kruskal-Wallis test).

3.6. Comparison between Numbers of Anterior and Posterior Contacts at T0, T1, and T2 in the
Group That Achieved the Orthodontic Goals after the First Set of CA

In the 54 cases that reached the orthodontic goals and therefore completed the treat-
ment after the first series of CA, the posterior, anterior, and total contacts were assessed
at the three time-points (T0, T1 and T2) (Table 6). The posterior contacts were reduced
from T0 to T1 (p < 0.001) and increased from T1 to T2 (p < 0.001) (Figure 1). Regarding
anterior contacts (Figure 2), the variation between T0, T1, and T2 was minimal, without
reaching statistical significance. The total contacts however decreased significantly from
T0 to T1 (p = 0.014) and increased from T1 to T2 (p = 0.004). Regarding occlusal areas,
statistical significance was obtained at all time-points (p < 0.001) (Figure 3). The comparison
of occlusal contacts obtained through digital image and articulating paper is represented in
Figure 4. Occlusal contacts and areas of a clinical case are represented from Figures 5–9.
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Table 6. Comparison between posterior, anterior, and total contacts at the T0, T1 and T2 in the group
that achieved the orthodontic goals after the first set of CA.

Median (IQR) χ2 p

Occlusal Area T0 48.42 [21.15; 92.21] *
19.16 <0.001Occlusal Areal T1 21.8 [10.35; 36.78] *

Occlusal Area T2 34.93 [23.67; 48.20] *

Posterior Contacts T0 8.0 [5.75; 8.0] **
37.93 <0.001Posterior Contacts T1 5.0 [3.0; 7.0] **

Posterior Contacts T2 7.0 [6.0; 8.0] **

Anterior Contacts T0 4.0 [1.0; 6.0]
0.44 0.802Anterior Contacts T1 4.0 [2.0; 5.25]

Anterior Contacts T2 4.0 [2.75; 5.25]

Total Contacts T0 11.0 [8.0; 13.0] ***
14.32 <0.001Total Contacts T1 8.0 [6.0; 10.25] ***

Total contacts T2 11.0 [9.0; 12.0] ***
Data summarized as the median and interquartile range (IQR); p-value derived from the Friedman Related-
Samples Friedman’s Two-way of variance ranks; * Significant difference from occlusal area T0 and T1 (p < 0.001)
and occlusal area T1 and occlusal area only with night use (p = 0.001); ** Significant difference from posterior
contacts T0 and T1 (p < 0.001) and T1 and between posterior contacts T1 and posterior contacts only with night
use (p < 0.001); *** Significant difference from the total contacts T0 and T1 (p = 0.014) and Total contacts T1 and
total contacts only with night use (p = 0.004.
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Figure 3. Analysis of occlusal areas at T0, T1 and T2 of the 54 individuals that achieved the proposed
orthodontic goals on the first set of aligners. Related Sample Friedmand’s Two-Way Test. * Significant
difference from oclusal area T0 and T1 (p < 0.001) and occlusal area T1 and occlusal area only with
night use (p = 0.001). (T0)—before the start of orthodontic treatment, (T1)—the end of treatment and
(T2)—3 months after using additional aligner only at night.
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Figure 4. Comparison of the alterations of occlusal contacts during clear aligner treatment, obtained
through intra-oral scanning and articulating paper. (T0)—before the start of orthodontic treatment,
(T1)—the end of treatment and (T2)—3 months after using additional aligner only at night.

3.7. Case Complexity

Case complexity of each individual patient was assessed at the beginning of the
treatment. Of the 82 individuals that underwent CAT, 46 were classified as being of
moderate complexity (56.1%), 23 were considered simple (28%), and 13 were classified
as complex cases (15.9%). The movements justifying the classification of case complexity
are enumerated in Table 7. The number of CA used during the first set of aligners ranged
from a minimum of 13 to a maximum of 77 (32.63 ± 12.97). At the end of the first set
of CA, 54 cases achieved the planned orthodontic goals (65.9%) and thus finished the
treatment. Of the 28 uncompleted cases (34.1%), 8 were classified as complex (28.6%), and
20 were moderate (71.4%). Of those 28 unfinished cases, the movements that did not allow
treatment completion as well as their degree of movement were reported in Tables 8 and 9.
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Figure 9. Occlusal areas obtained at T0, T1 and T2 through Meshlab® software version 2022.02.

Table 7. Movements that justify the complexity of the cases.

Type of Movement n (%)

AP Correction 12 (20.3)
Crowding 8 (13.6)
Deep bite 5 (8.5)
Rotations 4 (6.8)

Narrow arches 4 (6.8)
Narrow arches and AP correction 4 (6.8)

Anterior open bite 4 (6.8)
Crowding AP correction 3 (5.1)
AP correction, rotations 3 (5.1)

Spacing 3 (5.1)
Crowding, rotations 2 (3.4)

Crowding, narrow arch 1 (1.7)
Crowding, narrow arch, posterior crossbite 1 (1.7)

AP correction, alignment, posterior crossbite 1 (1.7)
AP correction, spacing, narrow arches 1 (1.7)

Anterior open bite, AP correction 1 (1.7)
Rotations, AP correction, deep bite 1 (1.7)

Rotations, crowding, AP correction, deep bite 1 (1.7)
AP—Antero-posterior.

Table 8. Movement responsible for not completing the treatment at T1.

Movement n (%)

Distalization 7 (25.0)
ICS-ICI rotation 4 (14.3%)

Posterior extrusion 3(10.7)
Posterior intrusion 3 (10.7)

Quadrant expansion 3 (10.7)
ILS rotation 2 (7.1)

Sup-Inf. Rotation Can/PM 2 (7.1)
Anterior intrusion 2 (7.1)
Anterior extrusion 1 (3.6)

Crowding 1 (3.6)

ICS—Upper central incisor; ICI—Lower central incisor; ILS—Upper lateral incisor; Can—Canine; PM—Pre-Molar.
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Table 9. Degree of the movements responsible for not completing the treatment at T1.

Movement

Anterior
Extrusion

Anterior
Intrusion Crowding Distalization Expansion per

Quandrant
Posterior
Extrusion

Posterior
Intrusion

Rotation
Can/PM
Sup_Inf

Rotation
ILS

Rotation-
ICS-ICI Total

Degree of
the

movement

<1 mm 0 0 0 0 0 0 2 0 0 0 2
<2.5 mm 0 2 0 0 0 0 0 0 0 0 2
<2 mm 0 0 0 0 2 0 0 0 0 0 2
>1 mm 0 0 0 0 0 3 1 0 0 0 4
>3 mm 1 0 0 0 0 0 0 0 0 0 1
0–30◦ 0 0 0 0 0 0 0 0 1 0 1
0–40◦ 0 0 0 0 0 0 0 0 0 3 3
0–45◦ 0 0 0 0 0 0 0 1 0 0 1

2–4 mm 0 0 0 7 1 0 0 0 0 0 8
30–40◦ 0 0 0 0 0 0 0 0 1 0 1
40–50◦ 0 0 0 0 0 0 0 0 0 1 1
45–55◦ 0 0 0 0 0 0 0 1 0 0 1

6–8 mm 0 0 1 0 0 0 0 0 0 0 1

Total 1 2 1 7 3 3 3 2 2 4 28

ICS—Upper central incisor; ICI—Lower central incisor; ILS—Upper lateral incisor; Can—Canine; PM—Pre-Molar.
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3.8. Number of Additional Aligners Needed to Complete the Orthodontic Case

In the 28 cases that did not reach the orthodontic goals and therefore did not complete
the treatment at the end of the first set of aligners, additional aligners were required to do
so. The number of additional aligners (AA) is described in Table 10.

Table 10. The number of additional aligners needed to finish the treatment.

No. of Additional Aligners n (%)

1 Additional aligners 4 (14.3)
2 Additional aligners 6 (21.4)
3 Additional aligners 18 (64.3)

Total 28 (100)

3.9. Comparison between Numbers of Anterior and Posterior Contacts at T0, T1, and T2 in the
Group That Achieved the Orthodontic Goals Only after the Use of Additional Aligners
(28 Individuals)

In the 28 cases that completed the proposed orthodontic goals after the use of the ad-
ditional aligners and the results showed that the occlusal area decreased significantly from
T0 to T1 (p = 0.002) and increased significantly from T1 to T2 (p = 0.000). Regarding posterior
occlusal contacts, they decreased from T0 to T1 (p = 0.000) and increased significantly from
T1 to T2 (p = 0.000) (Figure 10). Lastly, the anterior occlusal contacts, significantly decreased
from T0 to T1 (p = 0.008) (Figure 11). Total occlusal contacts decreased significantly from
T0 to T1 (p = 0.000) and showed a statistically significant increase from T1 to T2 (p = 0.000)
(Table 11 and Figure 12).
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Figure 10. Analysis posterior occlusal contacts. T0, T1 and T2 of the 28 individuals that used AA.
Related Sample Friedmand’s Two-Way Test. ** Significant difference from posterior contacts T0 and
T1 (p = 0.000) and T1 and between posterior contacts T1 and posterior contacts only with night
use (p = 0.000). (T0)—before the start of orthodontic treatment, (T1) the end of treatment and (T2)
3 months after using additional aligner only at night.
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Figure 11. Analysis of anterior occlusal contact at T0, T1 and T2 of the 28 individuals that used
AA.Related Sample Friedmand’s Two-Way Test. *** Significant difference from anterior contacts
T0 and T1 (p = 0.008). (T0)—before the start of orthodontic treatment, (T1) the end of treatment and
(T2) 3 months after using additional aligner only at night.

Table 11. Comparison between posterior, anterior, and total contacts at the T0, T1 and T2, of the
28 individuals who completed orthodontic treatment using additional aligners.

Median (IQR) χ2 p

Occlusal Area T0 39.21 [28.53; 90.39] *
19.79 <0.001Occlusal Areal T1 22.89 [14.00; 33.35] *

Occlusal Area T2 31.40 [19.79; 43.61] *

Posterior Contacts T0 8.0 [7.0; 8.0] **
44.31 <0.001Posterior Contacts T1 5.0 [3.0; 6.0] **

Posterior Contacts T2 7.5 [6.25; 8.0] **

Anterior Contacts T0 5.0 [2.0; 6.0] ***
11.68 0.003Anterior Contacts T1 2.0 [1.0; 2.0] ***

Anterior Contacts T2 2.0 [2.0; 3.0]

Total Contacts T0 12.0 [9.25; 13.75] ****
43.33 <0.001Total Contacts T1 6.0 [5.0; 7.0] ****

Total contacts T2 10.0 [9.0; 10.0] ****
Data summarized as the median and interquartile range (IQR); p-value derived from the Friedman Related-
Samples Friedman’s Two-way of variance ranks * Significant difference from oclusal area T0 and T1 (p = 0.002)
and occlusal area T1 and occlusal area only with night use (p = 0.000) ** Significant difference from posterior
contacts T0 and T1 (p = 0.000) and T1 and between posterior contacts T1 and posterior contacts only with night use
(p = 0.000); *** Significant difference from anterior contacts T0 and T1 (p = 0.008) **** Significant difference from
the total contacts T0 and T1 (p = 0.000) and Total contacts T1 and total contacts only with night use (p = 0.000).
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Figure 12. Analysis of occlusal areas at T0, T1 and T2 of the 28 individuals that used AA. Related
Sample Friedmand’s Two-Way Test. * Significant difference from oclusal area T0 and T1 (p = 0.002)
and occlusal area T1 and occlusal area only with night use (p = 0.000). (T0)—before the start of
orthodontic treatment, (T1) the end of treatment and (T2) 3 months after using additional aligner only
at night.

3.10. Case Complexity and Facial Biotype

The results of the relationship between case complexity and facial biotype are pre-
sented in Table 12. The facial biotype presenting the highest complex cases percentage was
the hyperdivergent. At the end of the first series of CA, 71.4% (n = 15) of the hypodivergent
cases were completed, as well as 64.7% (n = 22) of the normodivergent and 63.0% (n = 17)
of the hyperdivergent (Table 13). There was no statistically significant relationship between
the facial biotype and treatment’s completion after the first set of CA (Table 13).

Table 12. Relationship between facial biotype and case complexity.

Case Complexity

Complex Moderate Simple Total
p

n (%) n (%) n (%) n (%)

Facial
Biotype

Hyperdivergent 6 (2.2) 13 (48.1) 8 (29.6) 27 (100.0)
0.71Hypodivergent 2 (9.5) 12 (57.1) 7 (33.3) 21 (100.0)

Normodivergent 5 (14.7) 21 (61.8) 8 (3.5) 34 (100.0)

Total 13 46 23 82

Fisher’s exact test.

Table 13. Relationship between facial biotype and completion of CAT at T1.

Completed Cases at the Enf of the First Set of CA

YES NO Total
p

n (%) n (%) n (%)

Facial Biotype
Hyperdivergent 10 (37.0) 17 (63.0) 27 (100.0)

0.87Hypodivergent 6 (28.6) 15(71.4) 21 (100.0)
Normodivergent 12 (35.3) 22 (64.7) 34 (100.0)

Total 28 46 82

Fisher’s exact test.

4. Discussion

The growing number of orthodontic treatments performed with CA, [28] in which the
occlusal coverage prevents the obtention of natural contacts, has become a crucial research
topic in Dentistry, [29] more specifically in the orthodontic community. The presence of the
CA material in the interocclusal space may lead to anatomical changes and difficulties that
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are inherent to the obtention of those contacts and therefore compete against the final goal
of CAT [1,7,8,13]. Of the 82 individuals that were selected for this study, only 54 reached
the planned orthodontic goals and had their treatment considered complete by the end of
the first set of aligners. These 54 individuals then moved on the next phase of the study,
which aimed to evaluate occlusal changes 3 months after the end of the first set while using
additional CA only at night during this time. In these 54 cases these additional aligners
used only at night allowed finishing enhancements and improved occlusal settling. These
slight movements are more directed toward improving occlusal contacts. However, given
the algorithm created by the Clincheck® software, other minor movements may occur, in
order to perform additional fine-tuning details without major clinical significance. The
28 individuals that did not finish their treatment by the end of the first set of CA needed
additional aligners to complete their orthodontic treatment goals. In this study we report
that 64% of these individuals needed 3 AA in order to complete the treatment. When
evaluating the 82 individuals, after completing the orthodontic treatment, independently
from using additional aligners to complete the orthodontic treatment, or finishing after
the first set of CA, the results showed a statistically significant decrease in the number of
occlusal contacts and areas recorded between T0 and T1.

Our reported decrease in the number of occlusal contacts and areas between T0 and
T1 corroborates previous published results [8,30–32] It is thought that this occurred due to
the thickness of two thermoplastic devices which creates a posterior “open-bite”.This is
due to their prolonged use between the dental arches, resulting in molar intrusion, [7,33]
and altering the number and quality of the existing occlusal contacts, which goes against
the final goal of CAT. Horton et al. [34]. also describes a similar significant reduction in the
interocclusal contact area after the use of an occlusal-covered appliance (Essix) compared
to the use of a Hawley splint (no occlusal-covering). In addition, our results show that
using CA at night for 3 months after treatment completion enhances occlusal area, total
occlusal contacts, and posterior occlusal contacts do enhance after. We observed this
increase whether treatment completion was achieved after one set or with the aid of AA.
As suggested by Sultana et al. (2002) [35], this increase could be explained by the fact that
during the period following the conclusion of the treatment, when using CA only at night,
a functional accommodation of occlusion occurs, leading to an increase in the number of
occlusal contacts. According to the results obtained, utilizing a CA only at night for three
months, after the completion of the treatment appears to enhance the restitution of the
occlusal contacts (area, posterior and total occlusal contacts). Similar observations have
been made in other studies where other devices were used [35–37].

In the present study, the differences between the number of contacts (anterior and
posterior) planned and those effectively obtained at the first set of CA were evident.
However, the number of anterior contacts obtained was significantly higher than planned,
and the number of posterior contacts obtained was significantly lower. Charalampakis
et al., [13] described that the CA thickness promoting a bite-block effect, and the presence
of premature contacts in the anterior area are some of the factors that can lead to the
loss of posterior contacts during CAT [13]. This study results suggests that a temporary
iatrogenic open bite can occur derived from the OT, corroborating what was described in
other studies.

Further analysis of occlusal changes obtained at T2 show an increase in recovery of
the occlusal contacts and areas. This could be due to the tendency of the posterior teeth
to naturally execute relative movements in the vertical direction, through the physiologic
eruption process which increases the number of occlusal contacts during the settling
phase [35,36]. Previous studies documented that a complete settling requires time [37,38].
Horton et al. [34] showed that most of the settling occurred within the first three months
post-treatment, aligning with the presented our results.

Those findings suggest that with careful planning and proper knowledge of the
CA system’s limitations and how to counter them, ideal static occlusal objectives can be
achieved with clear aligners orthodontic treatment [39].
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As reported in the literature, the occlusion was here obtained by intraoral scanning,
where both sides scans of both sides, left and right were afterwards superposed. It is
important to acknowledge that scanner accuracy varies in terms of fidelity and precision,
and it is known that errors may occur due to how the occlusion is collected from the
individual. The scanner used in this study was the iTero, which is considered as one of
the most reliable intra-oral scanners. Additionally incorporating traditional methods, such
as articulating paper, alongside digital methods like the intraoral scanner, allows cross-
verification when recording occlusal contacts, permitting visual confirmation of occlusal
contact.

28 individuals did not reach their orthodontic goals, and therefore did not complete the
treatment by the end of the first set of aligners. We considered pertinent to study the reasons
behind this incompletion. To understand the underlying reason for this incompletion, we
wanted to study if case complexity could have a possible implication, as well as verify
if there were any movements that could be related to this. By the end of the first set of
CA, we observed that the anteroposterior corrections, crowding, and the deep bite in these
28 patents were the most frequent movements that contributed to the classification of these
cases as of hard or moderate complexity.

In line with what has been described by Djeu et al.’s study [30], our results demon-
strated that anteroposterior corrections were the most difficult movements to execute.
Furthermore, they reported lower rates of correction of anteroposterior discrepancies with
CAT compared to fixed appliances, referring to the need for additional anchorage tech-
niques. In fact, of the twelve cases presenting the need for anteroposterior movement, seven
were not concluded after the first set of aligners [30]. Complex distalization movement
was the most relevant movement that did not allow the conclusion of the CAT after the
first series of aligners. It would be important to consider in complex cases of distalization
movements, to place auxiliaries in the first set of aligners [40]. This movement was also
considered difficult by Patterson et al. [41] This author considered that distalization is a
difficult movement to solve, probably due to the inadequate wearing time assigned to
each aligner to perform such movements or to patient compliance. In the present study,
crowding appears to be the second most prevalent movement that determined the degree
of complexity of the case. Of all the cases of crowding, only one was not corrected after
the first set of CA. Other authors reported the same success rate with crowding correc-
tion [7,42,43]. To the best of our knowledge, no other studies have evaluated which tooth
movements prevented the completion of orthodontic treatment by CA after the end of the
first series of aligners.

At T1, of the 28 cases that did not reach the orthodontic goals (8 being classified
as complex and 20 being moderate), the most prevalent movements that did not fully
occur were the distalization mentioned above, but also severe rotation of the upper central
and rotation of the upper lateral incisive. As described to in the literature, distalization
movements of 2 to 4 mm already fall within moderate complexity and often require auxiliary
techniques and accessories [44,45]. Regarding the second most difficult movement to correct
in our sample was the rotation movement. The same difficulty was reported by Simon
et al. [46] and Kravitz et al. [47] These authors suggest that thermoplastic appliances tend
to lose anchorage and slip due to the presence of few brackets and the round shape of the
tooth and that this could explain why the rotation movement is difficult to achieve. In
these cases, in order to enhance the success rate of the treatment, the number of CA or the
wearing time of each aligner could be increased to reduce the degree of movement per
aligner, using additional aligner. Our result showed that the number of additional aligners
needed to achieve the desired outcomes is approximately 3, which is in agreement with the
study of Arqub et al. [2]. It would be of great interest for orthodontists to keep this in mind
while using Clincheck® to plan the treatment since the software cannot plan the mandible
dynamics. The human knowledge of the number of ligaments and muscles could influence
the treatment’s success [48].
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The skeletal feature has already been described in the literature as influencing the
bite-block effect [23]. Hypodivergent biotype individuals are associated with greater bite
force. Therefore, we expected that they would present fewer posterior contacts due to
the generated intrusive forces in the posterior sectors in comparison with the other two
biotypes [18,19,21]. However, no statistically significant differences between the number
and contact areas between T0 and T1 were measured for any the facial biotypes or between
the different facial biotypes. These results suggest that the facial biotype does not directly
influence the areas and the number of occlusal contacts obtained at the end of the first set
of CA.

When relating the number of planned and obtained posterior contacts (at T1) with
the facial biotype, the results suggested that the planning of posterior contacts with CA is
more complex in hypodivergent biotype cases. The hyperdivergent biotype cases however
had higher median of values, resulting from the difference between the number of anterior
contacts planned and obtained at T1. Corroborating our results, Riede et al. [49] concluded
that only 60% of the planned occlusal contacts, obtained through the ClinCheck®, were
effectively attained. To the best of our knowledge, no other studies have related facial
biotypes with the number of occlusal contacts planned and obtained through CAT. These
findings emphasize the need for orthodontists to consider occlusal contacts in their planning
and include overcorrections, which could allow achieving their therapeutic goals to be
achieved with as few sets of additional aligners as possible [50].

After studying facial biotype, case complexity, and success rate of CAT, no correla-
tion was found after completing the first set of CA, suggesting that the success rate is
independent of those variables.

One of the limitations of this study was the difficulty ensuring the compliance from
each individual to wear the CA during the recommended hours. Additionally, and due to
the fact that our study sample was a convenience sample did not allow a homogeneous
group study, which could be responsible for bias and further discrepancies. Finally, another
potential limitation may the intra-oral image recollection, since the practitioner has to
ensure that each individual performs a correct occlusion, avoiding incorrect superpositions
and errors.

5. Conclusions

Our results showed a decrease in the occlusal contacts and area either at the end of the
first set of clear aligners or after the use of additional aligners to complete the treatment.
Regarding the difference between the planned contacts and those obtained, the posterior
contacts obtained after treatment were consistently lower than the programmed ones. On
the other hand, the anterior contacts obtained were higher than those planned. Moreover,
the results showed that some of the tooth movements necessary to complete the treatment
successfully were harder than others. Distalization, rotation, posterior intrusion, and
extrusion are some of those movements, and using a CA only at night increases occlusal
contact recovery after finishing the treatment.

Author Contributions: V.M.: Conception and design of the work, acquisition, analysis and inter-
pretation of the data, drafted the work and was the main author of the present manuscript; S.B.:
Conception and design of the work, acquisition, analysis and interpretation of the data, drafted the
work; S.M. revised the work and reviewing the language; M.P.: Conception and design of the work,
acquisition, analysis, and interpretation of the data and substantively revised it; D.R.: Design, patient
recruitment and substantively revision of the work. M.d.P.G.: performed statistical analysis and
interpretation of the data and substantively revised it; R.A.: performed the data acquisition and 3D
model analysis; A.S.G.: Design, patient recruitment and substantively revision of the work; G.V.O.F.:
investigation, writing the draft and the article and reviewing the English language; T.P.: Idea for the
study and planned the overall design. Conception and design of the work, analysis and interpretation
of the data, drafted the work and substantively revised it. All authors have read and agreed to the
published version of the manuscript.



J. Clin. Med. 2023, 12, 3435 19 of 21

Funding: This work was supported by UNIPRO—Oral Pathology and Rehabilitation Research Unit,
University Institute of Health Sciences (IUCS), CESPU, 4585-116 Gandra, Portugal, in the scope of
AlignAgen-GI2-CESPU-2022—“Tooth Agenesis and Aligners”.

Institutional Review Board Statement: Ethics approval and consent to participate. Ethical approval
was obtained from the ethical committee of the University Institute of Health Sciences. The study
respected the recommendations of the Helsinki Declaration and the World Health Organization
regarding experimentation involving human subjects. Informed consent was obtained from all
participants.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors declare that the data supporting the findings of this study
are available within the article.

Acknowledgments: We acknowledge all cases and controls for being part of this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pithon, M.M.; Baião, F.C.S.; de Andrade Sant Anna, L.I.D.; Paranhos, L.R.; Cople Maia, L. Assessment of the Effectiveness of

Invisible Aligners Compared with Conventional Appliance in Aesthetic and Functional Orthodontic Treatment: A Systematic
Review. J. Investig. Clin. Dent. 2019, 10, e12455. [CrossRef]

2. Arqub, S.A.; Banankhah, S.; Sharma, R.; Da Cunha Godoy, L.; Kuo, C.L.; Ahmed, M.; Alfardan, M.; Uribe, F. Association between
Initial Complexity, Frequency of Refinements, Treatment Duration, and Outcome in Invisalign Orthodontic Treatment. Am. J.
Orthod. Dentofac. Orthop. 2022, 162, e141–e155. [CrossRef]

3. Li, J.; Kau, C.H.; Wang, M. Changes of Occlusal Plane Inclination after Orthodontic Treatment in Different Dentoskeletal Frames.
Prog. Orthod. 2014, 15, 41. [CrossRef] [PubMed]

4. Makino, E.; Nomura, M.; Motegi, E.; Iijima, Y.; Ishii, T.; Koizumi, Y.; Hayashi, M.; Sueishi, K.; Kawano, M.; Yanagisawa, S. Effect
of Orthodontic Treatment on Occlusal Condition and Masticatory Function. Bull. Tokyo Dent. Coll. 2014, 55, 185–197. [CrossRef]
[PubMed]

5. Clark, J.R.; Evans, R.D. Functional Occlusion: I. A Review. J. Orthod. 2001, 28, 76–81. [CrossRef] [PubMed]
6. Poling, R. ORIGINAL ARTICLE-A Method of Finishing the Occlusion. Am. J. Orthod. Dentofac. Orthop. 1999, 115, 476–487.

[CrossRef]
7. Papadimitriou, A.; Mousoulea, S.; Gkantidis, N.; Kloukos, D. Clinical Effectiveness of Invisalign® Orthodontic Treatment: A

Systematic Review. Prog. Orthod. 2018, 19, 37. [CrossRef]
8. Ke, Y.; Zhu, Y.; Zhu, M. A Comparison of Treatment Effectiveness between Clear Aligner and Fixed Appliance Therapies. BMC

Oral Health 2019, 19, 24. [CrossRef]
9. Park, Y.; Hartsfield, J.K.; Katona, T.R.; Eugene Roberts, W. Tooth Positioner Effects on Occlusal Contacts and Treatment Outcomes.

Angle Orthod. 2008, 78, 1050–1056. [CrossRef]
10. Staderini, E.; Meuli, S.; Gallenzi, P. Orthodontic Treatment of Class Three Malocclusion Using Clear Aligners: A Case Report. J.

Oral Biol. Craniofacial Res. 2019, 9, 360–362. [CrossRef]
11. Invisalign® Doctor Site. Available online: https://www.invisalign.com/provider (accessed on 27 April 2023).
12. Pinho, T.; Rocha, D.; Ribeiro, S.; Monteiro, F.; Pascoal, S.; Azevedo, R. Interceptive Treatment with Invisalign® First in Moderate

and Severe Cases: A Case Series. Children 2022, 9, 1176. [CrossRef] [PubMed]
13. Charalampakis, O.; Iliadi, A.; Ueno, H.; Oliver, D.R.; Kim, K.B. Accuracy of Clear Aligners: A Retrospective Study of Patients

Who Needed Refinement. Am. J. Orthod. Dentofac. Orthop. 2018, 154, 47–54. [CrossRef] [PubMed]
14. Tepedino, M.; Paoloni, V.; Cozza, P.; Chimenti, C. Movement of Anterior Teeth Using Clear Aligners: A Three-Dimensional,

Retrospective Evaluation. Prog. Orthod. 2018, 19, 9. [CrossRef]
15. Fontaine-Sylvestre, C. Predictability of Deep Overbite Correction Using Invisalign® By. 2019. Available online: https://mspace.

lib.umanitoba.ca/bitstream/handle/1993/34030/Fontaine-Sylvestre_Catherine.pdf?sequence=5 (accessed on 27 April 2023).
16. Chan, H.J.; Woods, M.; Stella, D. Mandibular Muscle Morphology in Children with Different Vertical Facial Patterns: A 3-

Dimensional Computed Tomography Study. Am. J. Orthod. Dentofac. Orthop. 2008, 133, 10.e1–10.e13. [CrossRef] [PubMed]
17. Woods, M.G. The Mandibular Muscles in Contemporary Orthodontic Practice: A Review. Aust. Dent. J. 2017, 62, 78–85. [CrossRef]

[PubMed]
18. Garcia-Morales, P. Maximum Bite Force, Muscle Efficiency and Mechanical Advantage in Children with Vertical Growth Patterns.

Eur. J. Orthod. 2003, 25, 265–272. [CrossRef]
19. Buschang, P.H.; Jacob, H.; Carrillo, R. The Morphological Characteristics, Growth, and Etiology of the Hyperdivergent Phenotype.

Semin. Orthod. 2013, 19, 212–226. [CrossRef]
20. Pinho, T.; Santos, M. Skeletal Open Bite Treated with Clear Aligners and Miniscrews. Am. J. Orthod. Dentofac. Orthop. 2021, 159,

224–233. [CrossRef]

https://doi.org/10.1111/jicd.12455
https://doi.org/10.1016/j.ajodo.2022.06.017
https://doi.org/10.1186/s40510-014-0041-1
https://www.ncbi.nlm.nih.gov/pubmed/25033937
https://doi.org/10.2209/tdcpublication.55.185
https://www.ncbi.nlm.nih.gov/pubmed/25477036
https://doi.org/10.1093/ortho/28.1.76
https://www.ncbi.nlm.nih.gov/pubmed/11254808
https://doi.org/10.1016/S0889-5406(99)70268-4
https://doi.org/10.1186/s40510-018-0235-z
https://doi.org/10.1186/s12903-018-0695-z
https://doi.org/10.2319/070307-307.1
https://doi.org/10.1016/j.jobcr.2019.09.004
https://www.invisalign.com/provider
https://doi.org/10.3390/children9081176
https://www.ncbi.nlm.nih.gov/pubmed/36010067
https://doi.org/10.1016/j.ajodo.2017.11.028
https://www.ncbi.nlm.nih.gov/pubmed/29957318
https://doi.org/10.1186/s40510-018-0207-3
https://mspace.lib.umanitoba.ca/bitstream/handle/1993/34030/Fontaine-Sylvestre_Catherine.pdf?sequence=5
https://mspace.lib.umanitoba.ca/bitstream/handle/1993/34030/Fontaine-Sylvestre_Catherine.pdf?sequence=5
https://doi.org/10.1016/j.ajodo.2007.05.013
https://www.ncbi.nlm.nih.gov/pubmed/18174063
https://doi.org/10.1111/adj.12481
https://www.ncbi.nlm.nih.gov/pubmed/28297090
https://doi.org/10.1093/ejo/25.3.265
https://doi.org/10.1053/j.sodo.2013.07.002
https://doi.org/10.1016/j.ajodo.2019.07.020


J. Clin. Med. 2023, 12, 3435 20 of 21

21. Ciavarella, D.; Fanelli, C.; Suriano, C.; Cazzolla, A.P.; Campobasso, A.; Guida, L.; Laurenziello, M.; Illuzzi, G.; Tepedino, M.
Occlusal Plane Modification in Clear Aligners Treatment: Three Dimensional Retrospective Longitudinal Study. Dent. J. 2023, 11,
8. [CrossRef]

22. Jung, C.Y.; Park, J.H.; Ku, J.H.; Lee, N.K.; Kim, Y.; Kook, Y.A. Dental and Skeletal Effects after Total Arch Distalization Using
Modified Cpalatal Plate on Hypo- And Hyperdivergent Class II Malocclusions in Adolescents. Angle Orthod. 2021, 91, 22–29.
[CrossRef]

23. Sigvardsson, J.; Nilsson, S.; Ransjö, M.; Westerlund, A. Digital Quantification of Occlusal Contacts: A Methodological Study. Int.
J. Environ. Res. Public Health 2021, 18, 5297. [CrossRef] [PubMed]

24. Iwase, Y.; Saitoh, I.; Okamoto, A.; Nakakura-Ohshima, K.; Inada, E.; Yamada, C.; Takemoto, Y.; Yamasaki, Y.; Hayasaki, H. Do
Occlusal Contact Areas of Maximum Closing Position during Gum Chewing and Intercuspal Position Coincide? Arch. Oral Biol.
2011, 56, 1616–1623. [CrossRef]

25. Bollen, A.-M.; Huang, G.; King, G.; Hujoel, P.; Ma, T. Activation Time and Material Stiffness of Sequential Removable Orthodontic
Appliances. Part 1: Ability to Complete Treatment. Am. J. Orthod. Dentofac. Orthop. 2003, 124, 496–501. [CrossRef] [PubMed]

26. Clements, K.M.; Bollen, A.-M.; Huang, G.; King, G.; Hujoel, P.; Ma, T. Activation Time and Material Stiffness of Sequential
Removable Orthodontic Appliances. Part 2: Dental Improvements. Am. J. Orthod. Dentofac. Orthop. 2003, 124, 502–508. [CrossRef]
[PubMed]

27. Kassambara, A. Rstatix: Pipe-Friendly Framework for Basic Statistical Tests; GitHub, Inc.: San Francisco, CA, USA, 2023.
28. Partouche, A.J.D.; Castro, F.; Baptista, A.S.; Costa, L.G.; Fernandes, J.C.H.; de Oliveira Fernandes, G.V. Effects of Multibracket

Orthodontic Treatment versus Clear Aligners on Periodontal Health: An Integrative Review. Dent. J. 2022, 10, 177. [CrossRef]
[PubMed]

29. Motta, S.H.G.; de Matos, J.A.V.; Leite, G.B.; Vivacqua, C.F.P.P.; dos Santos, L.E.; Elias, C.N.; de Oliveira Fernandes, G.V. Evaluation
of the occlusal contact area of molar dental implants comparing two different thicknesses (16 µm and 200 µm) of articulating
occlusal papers and forces (200 and 250 n): A pivot in vitro study. Rev. Flum. De Odontol. 2023, 1, 147–160.

30. Djeu, G.; Shelton, C.; Maganzini, A. Outcome Assessment of Invisalign and Traditional Orthodontic Treatment Compared with
the American Board of Orthodontics Objective Grading System. Am. J. Orthod. Dentofac. Orthop. 2005, 128, 292–298. [CrossRef]

31. Bowman, E.; Bowman, P.; Weir, T.; Dreyer, C.; Meade, M.J. Occlusal Contacts and Treatment with the Invisalign Appliance: A
Retrospective Analysis of Predicted vs Achieved Outcomes. Angle Orthod. 2023, 93, 275–281. [CrossRef]

32. Kassas, W.; Al-Jewair, T.; Preston, C.B.; Tabbaa, S. Assessment of Invisalign Treatment Outcomes Using the ABO Model Grading
System. J. World Fed. Orthod. 2013, 2, e61–e64. [CrossRef]

33. Talens-Cogollos, L.; Vela-Hernández, A.; Peiró-Guijarro, M.A.; García-Sanz, V.; Montiel-Company, J.M.; Gandía-Franco, J.L.;
Bellot-Arcís, C.; Paredes-Gallardo, V. Unplanned Molar Intrusion after Invisalign Treatment. Am. J. Orthod. Dentofac. Orthop.
2022, 162, 451–458. [CrossRef]

34. Horton, J.K.; Buschang, P.H.; Oliver, D.R.; Behrents, R.G. Comparison of the Effects of Hawley and Perfector/Spring Aligner
Retainers on Postorthodontic Occlusion. Am. J. Orthod. Dentofac. Orthop. 2009, 135, 729–736. [CrossRef] [PubMed]

35. Sultana, M.H.; Yamada, K.; Hanada, K. Changes in Occlusal Force and Occlusal Contact Area after Active Orthodontic Treatment:
A Pilot Study Using Pressure-sensitive Sheets. J. Oral Rehabil. 2002, 29, 484–491. [CrossRef] [PubMed]
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