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Abstract

Background. Clear aligner treatment (CAT) may induce masticatory muscle tenderness and trigger
temporomandibular disorders (TMD). Considering that CAT may interfere with the masticatory system, itis
important to understand the relationship between CAT and occlusal changes.

Objectives. This study aimed to analyze occlusal changes during CAT and assess the influence of post-
orthodontic occlusion on masticatory performance. A secondary objective was to determine whether the
case complexity, the facial biotype and malocclusion were associated with occlusal alterations, masticatory
performance, or the onset of TMD signs and symptoms during CAT.

Material and methods. Forty-two individuals who underwent and completed CAT were evaluated at 3
time points: before treatment (T0); at the end of treatment (T1); and 3 months after treatment, during which
time clear aligners (CAs) were used only at night (T2). Temporomandibular disorders were assessed using
Axis | of the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) at T0, T1 and T2. Masticatory
performance was evaluated at T1 and T2 using a two-colored chewing gum test and colorimetric analysis.
Occlusal area and anterior and posterior occlusal contacts were evaluated digitally. Non-parametric statistical
tests were used, with the significance level set at p < 0.05.

Results. The occlusal area decreased significantly from T0 to TT (p=0.016). At T1, normodivergent individuals
had significantly more anterior contacts than hyperdivergent patients (p = 0.013). Masticatory performance
increased with the number of posterior occlusal contacts (p < 0.05), and individuals with Class | molar
relationship had more anterior contacts than Class Il patients (p = 0.004). At T2, Class lll individuals showed
higher values than Class Il patients (p = 0.011).

Conclusions. The number of occlusal contacts and occlusal contact area decreased during treatment.
Nighttime use of CAs slightly enhanced occlusal contact recovery. Complex cases presented more posterior
contacts at T0; simple cases presented a greater occlusal area at the end of CAT. Class | individuals presented
more anterior contacts at T0. These movements increased the anterior contacts in Class IIl molar cases at
the end of treatment and 3 months later. No significant differences in masticatory performance were found
according to the molar relationship, the facial biotype or the case complexity; no TMD signs and symptoms
were found during or after CAT.
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Highlights
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+ Clear aligner treatment (CAT) temporarily reduced occlusal contacts and contact area, with slight recovery after

3 months of nighttime aligner use.

+ Masticatory performance was associated with the number of posterior occlusal contacts but was not significantly
influenced by molar relationship, facial biotype or case complexity.

+ Nosigns or symptoms of temporomandibular disorders developed during or after treatment, suggesting that CAT
did not adversely affect temporomandibular disorder status in this sample.

Introduction

Within the twenty-first century’s digital era, the merg-
ing of new technology gave rise to modern orthodontic
treatments (OTs). Aside from the conventional OT with
fixed appliances, options such as clear aligners (CAs) have
emerged.! Orthodontic treatment ensures the proper align-
ment of teeth and improves the occlusal and jaw relation-
ships.? For the orthodontist, the esthetic characteristics
of malocclusions are an important factor in determining
the demand for OT?*and achieving a stable and functional
occlusion. Appropriate masticatory function at the end
of OT is another critical goal that cannot be overlooked.

Equally distributed contacts that are softer anteriorly
and stronger posteriorly are among the occlusal goals.
In order to achieve proper occlusion at the end of OT, the
clinician needs to create heavy contact on the splint dur-
ing treatment.> Respecting the abovementioned objectives
is a key factor in ensuring the long-term stability of OT.
Orthodontic pain and occlusal changes during treatment
are the main factors influencing how the masticatory mus-
cles adapt to OT.® During treatment, the CA covers the
entire occlusal surfaces of the teeth, promoting a bite-block
effect for approx. 22 h per day.”® This duration does not
allow the occlusion to settle as intended, creating artificial
interference within the occlusal space.’

The failure to obtain stable and solid occlusal contacts
during treatment has been identified as the main limitation
of CA treatment (CAT).8 This lack of posterior contacts can
be resolved during the settling of the occlusion. Previous
studies have documented that complete settling requires
time and that the number of occlusal contacts increases
during the post-treatment period.!® However, occlusal dis-
harmonies are present during CAT, and its relationship
with potential issues such as temporomandibular disorders
(TMD), periodontal disease, cervical abfraction, or less
effective mastication remains controversial.!"12

Temporomandibular disorders are an umbrella term that
involves dysfunction and pain in the masticatory muscles
and/or temporomandibular joint (TM]J), causing damage to
the masticatory function.'®* The potential impact of OT
on the onset and evolution of TMD has been controver-
sially discussed over the years.!> Several studies suggest
that OT increases the likelihood of the onset of symptoms

and signs of TMD.!' In contrast, others indicate positive
effects on the resolution of TMD or, most crucially, on
reducing the patient’s risk of their development.!®

Correction of malocclusions, often accompanied by
mechanical transformation as well as skeletal changes,
may alter the muscular and articular stability of the cra-
niomandibular structures. Clear aligner interference has
been reported to increase the frequency of wake-time tooth
clenching episodes, trigger masticatory muscle tenderness,
produce wear facets on aligner trays, and even induce the
development of TMD.'?2% Individuals undergoing CAT
may have temporary TMD due to repetitive clenching on
their trays to relieve orthodontic pain.?! One potential
drawback is that wake-time tooth clenching could con-
tribute to masticatory muscle pain and TMD.?!

It has been well established that masticatory perfor-
mance is related to occlusion and occlusal contact areas.®
Individuals with malocclusion present lower masticatory
performance than those with normal occlusion, as the
occlusal areas of contact and near-contact are positively
correlated with masticatory function. A critical issue
of functional connectivity in the masticatory system is the
influence of occlusal conditions on masticatory function.®

Considering that CAT may interfere with the masti-
catory structures, it is essential to understand the cor-
relation between OT-related occlusal changes and their
influence on mandibular function. Thus, this study aimed
to analyze occlusal changes during CAT and assess the
influence of post-orthodontic occlusion on masticatory
performance (primary outcome); moreover, it assessed
whether the complexity of CAT, the facial biotype, and
the malocclusion may be related to possible alterations
and the onset of TMD signs and symptoms during the use
of CAs (secondary outcomes). The positive hypothesis is
that CAT achieves the desired result without causing any
TMD; the null hypothesis is that even if the result was
reached, TMD were detected. The clinical significance
of the study lies in understanding the functional outcomes
of CA (Invisalign®) treatment by evaluating its effects on
(1) chewing efficiency; (2) occlusal changes, to determine
whether it achieved a stable occlusion, promoting optimal
function; (3) TMD, which may be influenced by changes in
occlusion and muscle activity; and (4) long-term stability
and patient comfort. These findings may guide clinical
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practice and treatment protocols, as well as help dentists
and, specifically, orthodontists tailor treatments to prevent
masticatory dysfunction and TMD-related complications.
Its relevance is supported by the limited number of studies
in the literature that have investigated CAs while evaluat-
ing 4 variables: occlusal changes; the facial biotype; chew-
ing performance; and their possible correlation with TMD.

Material and methods

This quantitative, comparative, and observational lon-
gitudinal cohort study was conducted in accordance with
the recommendations of the Declaration of Helsinki (2024)
and the World Health Organization (WHO)?? regarding
research involving human participants and followed the
STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines.?® Ethics approval was
obtained from the Ethics Committee of the University
Institute of Health Sciences (IUCS), Gandra, Portugal
(approval No. 26/CE-IUCS/2020). All participants provided
informed consent before the commencement of the study.

Study sample

A non-probability convenience sample was recruited
from individuals aged between 16 and 45 years with com-
plete permanent dentition (excluding third molars) under-
going CAT. The individuals were recruited from 2 indepen-
dent private orthodontic clinics, Clinica Médico Dentéria
de Sdo Jodo da Madeira (Séo Joao da Madeira, Portugal) and
Clinica de Medicina Dentdria Dr. Manuel Neves (Porto,
Portugal), from October 2019 to December 2022. All indi-
viduals were treated under the supervision of a specialist
in both Orthodontics and Pediatric Dentistry who was also
an Invisalign® Diamond Provider. The study comprised
a sample of 42 individuals (28 female and 14 male) under-
going CAT; the sample was limited due to practical con-
straints. The participants were evaluated at 3 different time
points: before starting treatment (T0); at the end of treat-
ment with CAs without misfits (T1); and 3 months after the
end of treatment, during which time CAs were only used at
night (T2). The patients were invited to participate in the
study in order to evaluate occlusal changes during CAT
and assess the influence of post-orthodontic occlusion on
masticatory performance. All invited individuals agreed to
participate in the proposed analysis.

Sample size calculation

Considering the study design, a prospective cohort study
comparing pre-treatment and post-treatment outcomes,
the following parameters were adopted: a significance
level (a) of 0.05, power (1-[3) of 80% (0.80), and effect sizes
(Cohen’s d for the analysis of continuous variables) of 0.5
(medium effect) for occlusal changes, 0.4 (small-to-medium
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effect) for temporomandibular dysfunction, and 0.5 (me-
dium effect) for chewing performance. The standard devia-
tion (0) was assumed to represent 10% variation. The fol-
lowing formula was used for the calculation of the sample
size:

N=((((Za/2) + ZB) x 0) | A)?

where:

Za/2 = 1.96 (for 95% confidence);

ZB = 0.84 (for 80% power);

o = 10%; and

A = 5% (expected mean difference).

Assuming an effect size of d = 0.5, the sample size
was calculated as follows: N = ((1.96 + 0.84) x 10?) / 5%
N = 31.36. Therefore, the minimum sample size required
for this study was 32 patients. Because of the elevated risk
of dropout, 30% more patients were included, resulting in
a total sample of 42 patients.

Eligibility criteria

Two professionals (VM and TP) conducted the evaluation
of patients. The inclusion criteria were as follows: individuals
who started and completed CAT; individuals whose masti-
catory performance was assessed at the end of treatment and
3 months after treatment; individuals who used nighttime
aligners without maladjustments between the end of treat-
ment and 3 months after treatment; and individuals with
available and complete cephalometric analyses.

The exclusion criteria encompassed individuals who did
not have complete dentition, patients whose occlusal re-
cords were incomplete, individuals presenting TMD signs
or symptoms before OT, patients requiring mandibular
advancement with the use of special wings (Invisalign®),
those with cognitive or neurological changes or identified
syndromes, individuals with a history of trauma and/or tu-
mors of the head and neck or metabolic diseases affecting
the joints and/or muscles, patients who were taking anti-
inflammatory, analgesic or psychiatric medications, and
individuals who suffered from dental pain or periodontal
problems during the previous year.

Data collection for TMD diagnosis

The diagnosis of TMD was made before starting CAT
(T0), after completing OT (T1), and 3 months after treat-
ment (T2), in accordance with international guidelines
using Axis I of the Diagnostic Criteria for Temporoman-
dibular Disorders (DC/TMD).2* Before starting the study,
a pilot study was conducted to assess intra- and inter-
examiner reliability in 30 participants with the same char-
acteristics as the primary study sample. These individuals
were not included in the main study sample because the
goal of the pilot study was the intra- and inter-examiner
calibration of the professionals who would collect the di-
agnostic data on TMD after OT. Three examiners (VM,
MPG, GVOF) independently performed the evaluation
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procedure on 2 occasions separated by a one-week inter-
val, demonstrating excellent reliability, with an intraclass
correlation coefficient (ICC) >0.90.

After appropriate calibration of the examiners who ap-
plied the DC/TMD, information on TMD signs and symp-
toms was collected at 3 time points (T0, T1 and T2), with
the aligners removed during the assessment.

Data collection for masticatory
performance

Masticatory function was evaluated using a masticatory
performance test with two-colored chewing gum. Partici-
pants sat upright and chewed 2 pieces of gum (Hue-Check
Gum®; Orophys GmbH, Muri bei Bern, Switzerland), one
pink and one blue, for 20 chewing cycles.?> The operator
counted the chewing cycles silently. The gums were ini-
tially moistened in water and bonded together with mod-
erate force. The chewing gum was placed in the patient’s
mouth, with the blue side facing the tongue. Participants
were instructed to chew normally, and no further instruc-
tions were given. After 20 chewing cycles, the operator
asked the patient to stop chewing, and the gums were re-
moved from the oral cavity, placed in a new clear plastic
bag, and subsequently flattened using a 1-mm thick plate.
Both sides of the specimen were scanned immediately after
collection to minimize enzymatic degradation, and the
images were saved in JPEG format.

The composite images were then evaluated using
a specifically developed program that is freely available
(Viewgum software; dHAL Software, Kifissia, Greece).
The software first transformed the images into the HSI
color space and then semi-automatically calculated the
hue value for each pixel in the segmented images. The hue
variation (VOH) was the measure of mixing calculated
by the software. The VOH is also considered a measure
of masticatory performance because it has a logarithmic
association with the number of chewing cycles.2® A high
VOH results from poorly mixed colors due to deficient
chewing, whereas adequate chewing leads to well-mixed
colors and a low VOH. The hue variation was considered
a measure of mixing, with values closer to 0 indicating
better color mixing and, consequently, better masticatory
performance. The Hue-Check Gum® method was used.?”
Information was collected at T1 and T2 and recorded.

Digital measurements

After analyzing the clinical records, the characteristics
of each participant were collected and evaluated, including
gender and age at the beginning of CAT. Cephalometric
tracing, overbite, overjet, and facial biotype were measured
by 1 professional (VM). The facial biotype classification
was performed using the Frankfort-mandibular plane an-
gle (FMA). Facial biotypes were classified as hypodivergent
with values equal to or below 22 degrees, normodivergent
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with values between 23 and 27 degrees, and hyperdiver-
gent with values equal to or above 28 degrees.?8 Intraoral
photographs and images of the occlusal contacts planned
in the ClinCheck® software (Align Technology, Tempe,
USA) for CAT were collected for each participant.

Subsequently, intraoral photographs and images ob-
tained using the intraoral scanner at T0, T1 and T2 were
compared using the iTero® software (Align Technology).
The files in PLY format obtained using the same software
were downloaded and analyzed. The PLY file of each par-
ticipant had the following characteristics selected in the
iTero® software: “open Shell”, “arches combined (arches
locked in bite relation)”, and “PLY (color)”. Cephalometric
measurements, the number of anterior and posterior oc-
clusal contacts (T0, T1 and T2) and occlusal areas were or-
ganized in a Microsoft Excel (Microsoft Corp., Redmond,
USA) file. The collected data was later used for statistical
analysis.

To obtain the area and the number of occlusal contacts
at TO, T1 and T2, the files in PLY format were processed
using the MeshLab® software (https://www.meshlab.net).
The ClinCheck® software was used to quantify the num-
ber of occlusal contacts. Any opposing pair of maxillary
and mandibular teeth with the same tooth number was
counted as 1 occlusal contact, and the counting was per-
formed on the lower arch. The maximum expected number
of occlusal contacts in a 28-tooth dentition was 14. The
maximum number of posterior occlusal contacts was 8,
and the maximum number of anterior occlusal contacts
was 6. Third molars were excluded from the occlusal area
and contact measurements.

Orthodontic intervention

The individuals were instructed to use each CA for as
many hours as possible (20-22 h/day), as instructed by
the provider, and to remove the aligners only when eating
and performing oral hygiene. The aligners were changed
every 7 days from the beginning of treatment, as recom-
mended by Align® protocols. Compliance with aligner use
was verified with an aligner wear monitor based on fading
compliance indicators and was confirmed by asking the
patient about their use. Follow-up visits were conducted
every 2 months. Additional aligners were required at the
end of the study to serve as a retention method and were
used only at night to improve the occlusal contacts.

For the present investigation, only 1 type of aligner
system was used for all individuals to reduce confounding
factors linked to the mechanical properties of the mate-
rial. It has already been demonstrated that differences
in thermoplastic material composition and thickness
result in different flexibilities, force activation, and con-
sequent stress-relaxation behavior.? After completing
the treatment, the additional aligners were used without
mismatch between the upper and lower arches and were
worn only at night.
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Clinical assessment and complexity
of the case

Based on the clinical data (clinical photographs, radio-
graphs and dental casts), the complexity levels of cases
receiving CAT were assessed independently by 2 profes-
sionals (VM and TP). In cases of discrepancy, a third re-
searcher was consulted (TP). For this purpose, an online
assessment tool, Invisalign® Doctor Site, was used.3°
The orthodontic malocclusion traits were classified
as requiring simple, moderate or complex correction
based on Align® recommendations and the Invisalign®
evaluation tool.?! According to the Invisalign® criteria,
patients need to present only 1 complex problem for
their case to be classified as complex. This classification
of complexity considers different parameters, namely
the type of dentition, the need for surgery, the amount
of spacing and crowding, rotations, narrow arches, pos-
terior crossbite, anteroposterior correction, anterior
crossbite, anterior open bite, deep bite, and the need for
extraction. Each of these parameters has sub-parame-
ters, which were also evaluated.

Statistical analysis

Data was analyzed using the IBM SPSS Statistics for
Windows software, v. 29 (IBM Corp., Armonk, USA). De-
scriptive statistics were calculated to estimate frequencies,
percentages, means, medians, standard deviations, and
minimum and maximum values. The Shapiro—Wilk test
was used to assess the normality of the variables under
study.

Due to the non-normal distribution of the data,
Friedman’s two-way analysis of variance (ANOVA) was
used to compare the occlusal contact areas and the num-
ber of anterior and posterior occlusal contacts among TO,
T1 and T2. This is a non-parametric statistical test used
to determine whether 3 related groups differ from one
another. The comparison of masticatory performance be-
tween the end of the first series of aligners and 3 months
after nighttime use was performed using the Wilcoxon
signed-rank test (a non-parametric test used to compare
2 periods within the same sample to assess whether their
population mean ranks differ). The contact area and the
number of anterior and posterior occlusal contacts at TO,
T1 and T2, as well as masticatory performance at T1 and
T2, were compared among the different groups according
to the facial biotype, the case complexity, the molar class,
and the vertical bite pattern using the Kruskal-Wallis
test (a non-parametrical test), followed by Dunn’s test
with Bonferroni correction to determine which groups
differed significantly from one another. The Bonferroni
correction adjusts the alpha level to account for the num-
ber of pairwise comparisons performed. To evaluate the
relationship between occlusal area, anterior and posterior
contacts, and masticatory performance at T1, as well as
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the corresponding relationships at T2, Spearman’s cor-
relation coefficient was used (a non-parametric measure
of the association between 2 variables). The significance
level was set at 0.05.

The effect size (Cohen’s d, with bias correction using
Hedges’ method) was calculated to compare groups and
examine the correlation between variables. A Cohen’s d
of 0.0-0.2 was considered a small effect size; d of 0.5 was
considered a medium effect size; and d = 0.8 was consid-
ered a large effect size. Therefore, if the means of the 2
groups did not differ by more than 0.2 standard devia-
tions, the difference was considered trivial, even if it was
statistically significant.

Results
Sample characteristics

Participants were aged between 16 and 45 years (mean
age of 22.19 +10.51 years), with 28 females (66.7%) and
14 males (33.3%). None of the patients presented TMD
signs or symptoms. Regarding the facial biotype, 20
participants (47.6%) had a normodivergent biotype, 12
(28.6%) were hyperdivergent and 10 (23.8%) were hy-
podivergent. Most participants had a normal overbite
(57.1%) and a normal overjet (59.5%). The clinical as-
sessment of the sample revealed 17 individuals (40.5%)
with a deep bite, 15 (35.7%) with a normal bite, and 10
(23.8%) with an open bite. Concerning the complexity
of the cases, 27 cases (64.3%) were of moderate com-
plexity, 9 cases (21.4%) were considered complex, and
6 (14.3%) were simple.

Changes in occlusal contacts and areas
throughout CAT

The changes in occlusal area and posterior and anterior
contacts throughout CAT are presented in Table 1. The
comparison of the occlusal area throughout treatment
showed that the initial occlusal area (T0) decreased sig-
nificantly by the end of CAT (T1) (p = 0.002), with a large
effect size (d = 0.94).

Comparison of masticatory performance
at the end of CAT and 3 months after
nighttime use only

When comparing the median values of masticatory
performance at the end of CAT (T1) and 3 months later,
when CAs were used only at night (T2), a reduction in the
median values was observed, indicating better mastica-
tory performance. However, no statistically significant
differences were found between the 2 assessment time
points, and the effect size was considered small (d = 0.23)
(Table 2).
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Comparison of occlusal area, occlusal
contacts and masticatory performance
throughout CAT

Case complexity

At T1, individuals with simple cases presented higher
occlusal area values than those with moderate or complex
cases (p = 0.027). A statistically significant difference in
occlusal area was found between moderate and simple
cases (p = 0.023). Significant differences were also found
in posterior contacts at T0, with complex cases showing

lower median values than moderate and simple cases
(p = 0.046) (Table 3).

Facial biotype

Table 4 compares occlusal area, anterior and posterior
contacts, and masticatory performance according to the fa-
cial biotype of individuals undergoing CAT at the 3 assess-
ment time points. Regarding anterior contacts, statistically
significant differences were found at T1, with normodiver-
gent individuals presenting a significantly higher number
of contacts than hyperdivergent individuals (p = 0.013),
with a large effect size (d = 1.45).

Table 1. Comparison of occlusal area and posterior and anterior occlusal contacts throughout clear aligner treatment (CAT) (N = 42)

Bias-corrected effect size (Hedges)

Variable Time point Me (IQR)

TO 47.37 (28.85-88.50)*

Occlusal area T 25.20 (15.48-43.57)* 7.87
T2 31.07 (21.19-45.90)
T0 8.00 (5.00-8.00)

Posterior contacts T1 7.00 (5.00-8.00)
T2 8.00 (6.00-8.00)
T0 4.00 (2.00-6.00)

Anterior contacts T1 4.00 (3.00-5.00)
T2 4.00 (2.75-6.00)

1.54

0.60

0.002 0.94 044 0.71
0.462 0.66 0.78 0.00
0.743 0.00 0.00 0.00

* significant difference between TO and T1 (p = 0.016); /QR — interquartile range; Me — median; TO — before treatment; T1 — at the end of treatment;
T2 - 3 months after the end of treatment, during which time clear aligners were only used at night.

Table 2. Comparison of masticatory performance at the end of clear aligner treatment (CAT) (T1) and 3 months later, when clear aligners were used only at
night (T2) (N = 42)

Variable Time point Me (IQR)
T1 0.133(0.079-0.231)
Masticatory performance
T2 0.115 (0.055-0.207)

Bias-corrected effect size (Hedges)

—-0.631 0.528 0.23

Table 3. Comparison of occlusal area, occlusal contacts and masticatory performance according to case complexity

Bias-corrected effect size (Hedges)

Variable Complex cases Moderate cases Simple cases
moderate simple simple
10 3236(1517-4741)  51.19(2504-89.93) 84.13(21.28-13421) 381  0.149 063 136 087
Sr‘;'usa' T 1566 (840-3148)  25.12(1602-5039)* 4102 (3448-4807)* 722 0027 058 248 098
1p) 3359 (27.63-4538) 3196 (2001-4520) 3009 (1602-57.78)  0.11 0949 013 0.23 013
10 2,00 (0.50-5.50) 4,00 (2.00-6.00) 5.00 (2.00-6.00) 215 0341 092 122 049
?g:::ft's T 4,00 (2.50-5.00) 3.00 (3.00-6.00) 5.00 (3.5-5.00) 081 0669 068 087 139
1p) 4,00 (3.00-6.00) 5.00 (3.00-6.00) 2,00 (0.00-6.00) 173 0421 065 085 160
10 500 (350-7.50) 800 (600-800)  800(7.25-800) 618 0046 225 178 0.00
Egztfarc'g 1 6.00 (4.50-7.00) 7.00 (5.00-8.00) 75 (5.75-8.00) 235 0310 068 117 034
1p) 8.00 (6.00-8.00) 8.00 (6.00-8.00) 7.00 (5.50-8.00) 017 0917 0.00 085 093
Viesileiey T 0.11(0.03-0.14) 0.14 (0.08-0.23) 0.13 (0.05-0.18) 137 0505 0.11 0.04 013
performance 1 0.13 (0.08-0.22) 0.10 (0.05-0.20) 0.19 (0.13-047) 375 0154 008 0.10 091

Data presented as Me (/QR); * significant difference between the moderate and simple groups (p = 0.023).
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Molar class relationship

At TO, individuals with Class I molar relationship had
significantly more anterior contacts than those with
Classes II and III. Dunn’s test showed that these differ-
ences were significant between the Class I and Class II
groups (p = 0.004). At T1, individuals with Class III molar
relationship had a significantly higher number of anterior

contacts than those with Class II molar relationships, with
the effect size of d = 1.51 (p = 0.011). At T2, individuals
with Class III molar relationship presented higher num-
bers of anterior contacts than those with Classes I and II.
These differences were statistically significant between the
Class I and Class II groups (p = 0.024) and between the
Class II and Class I1I groups (p = 0.011) (Table 5).

Table 4. Comparison of occlusal area, occlusal contacts and masticatory performance according to the facial biotype

Facial biotype

Bias-corrected effect size (Hedges)

p-value | hormodivergent- | normodivergent- | hyperdivergent-
hyperdivergent | hypodivergent | hypodivergent
047 0.81

Variable

Time point | normodivi hyperdivergent | hypodivergent
( (n=10) (n=12)

To (35.6592;5836.50) (16.335;%71 69 (14.52782?379.57) 146 0481 0z
e T s sesen  gsiossn 'S0 081 12 o e
I (20.73:#9&.54) ( I 852%.50) (24.7372;173430) 178 0413 069 o oo
T0 (2_22'92,00) (o.ﬁs?g.OO) a ogfg.oo) 2320313 15 0o 0
ot m G060 (00400r  Gonsoy 16 0013 s o7 .
T2 (4_03?2_00) (O.éfg.OO) (2.2:?2.75) 2700259 143 07 0o
T0 (5'0?)?2,00) (4.72'?2.00) (5.5?53.00) 030 0862 000 03! 0
o 1 (S.O?)fg.OO) (5.7253.00) (5.222.00) o4t 0814 000 0o2 0%
n (5_2;?2,00) (6.22?2.00) (6.22?200) R 07 oee o
Masticatory i (0‘1((;.13.28) (O‘Ogvj(lﬂ 8) (0.02?(?.1 3) e 00 0! o o
performance T2 (0,02‘15_21) (0_0218.26) (o.ogig.m) 045 0798 o oe o

Data presented as Me (/QR); * significant difference between the normodivergent and hyperdivergent groups (p = 0.013).

Table 5. Comparison of occlusal area, occlusal contacts and masticatory performance according to the initial molar class relationship

Molar relationship

Bias-corrected effect size (Hedges)

Variable
Class | (n=25) Class Il (n=10) Classlll (n=7) ““
T0 56.79 (2745-9502) 3862 (19.33-62.55) 3950 (986-51.19) 321 0201 0.57 0.53 0.04
gé;'“sa' T 3448 (1823-4859) 1855(1547-24.16) 2085 (9.38-3501) 359  0.166 118 0.90 0.25
T2 3000 (17.97-4294) 3277 (19.74-4842) 3750 (28.15-5807) 151 0468 021 056 031
0 600 (350-600*  200(0.75-225)*  200(100-500) 1206 0002 344 2.72 0.00
CA;:?:CO;S T 400 (300-550)  250(000-325%* 500 (300-600* 1059 0004 108 0.75 1.51
1y 500 (3.00-6.00** 150 (0.75-3.25)** 500 (4.00-600** 1013 0006 2.38 0.00 287
0 8.00 (5.50-8.00) 7.50 (5.00-8.00) 700(200-800) 298 0225 037 0.56 021
ngttearc'fsr T 6.00 (5.00-8.00) 7.00 (5.75-8.00) 600(3.00-800) 062 0735 069 0.00 053
72 7.00 (6.00-8.00) 8.00 (5.50-8.00) 800(700-800) 155 0460 091 106 0.00
iEsiieaieny T 0.14 (0.08-0.31) 0.09 (0.06-0.12) 0.14(008-019) 567 0059 0.54 0.00 113
performance 1 0.12 (0.07-0.20) 0.10 (0.05-0.27) 008(005-024) 068 0710 0.24 0.54 0.18

Data presented as Me (IQR); * significant difference between the Class | and Class Il groups (p = 0.004); ** significant difference between the Class Il and Class lll
groups (p = 0.011); *** significant difference between the Class | and Class Il groups (p = 0.024) and between the Class Il and Class IIl groups (p = 0.011).
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Table 6. Comparison of occlusal area, occlusal contacts and masticatory performance according to the vertical bite trend

Vertical bite trend

Bias-corrected effect size (Hedges)

Variable
10 4886(2591-7646) 3230 (2458-5679) 8026(1920-10388) 172 0423 075 0.94 158
Sr‘;'“sa‘ T 1807 (1233-4102)  2540(1902-4521) 3477 (1736-6208) 203 0361 052 092 052
2 3359(2151-4282) 3018(2370-4872) 2819(1380-4229) 099 0609 0.27 043 0.14
0 400 (200-6.00) 3.00 (1.00-6.00) 450(175-6000 072 069 0.50 0.24 0.73
I(/;\grtwfancotrs T 400 (300-5.50) 400 (3.00-5.00) 300(100-525) 123 0542 0.00 0.52 046
T2 5.00 (3.00-6.00) 500 (2.00-6.00) 350(075-500) 217 0338 0.00 083 068
0 800 (6.00-8.00) 6.00 (5.00-8.00) 800(725-800) 396  0.138 252 0.00 5.16
Ezztt‘;rc'f; T 6.00 (5.50-8.00) 7.00 (500-800) 650(500-800) 023 0892 071 0.36 0.32
iy 7.00 (6.00-8.00) 800 (7.00-8.00) 800(575-800) 390  0.143 092 093 0.00
Y — T 0,09 (0.06-025) 0.14(0.08-023) 014(009-016) 064 0725 066 062 0.00
performance 0.12(010-023) 0.1 (005-025) 008(004-014) 319 0203 017 065 0.58

Data presented as Me (IQR).

Table 7. Spearman’s correlation analysis of the relationships between
occlusal area, occlusal contacts and masticatory performance (N = 42)

Variable Masticatory Masticatory
performance (T1) performance (T2)
Occlusal area (T1) -0.229 -
Anterior contacts (T1) -0.072 -
Posterior contacts (T1) -0.378* —
Occlusal area (T2) - 0.049
Anterior contacts (T2) - —0.200
Posterior contacts (T2) — —0.161

* statistically significant (p < 0.05).

Vertical bite trend

According to Table 6 and with regard to the vertical bite
trend, no statistically significant differences were found in
occlusal area, masticatory performance, or anterior and
posterior contacts among the deep-, normal- and open-bite
groups. Small effect sizes were observed for the occlusal
area at T2 between deep and normal bites (d = 0.27) and
normal and open bites (d = 0.14); for anterior contacts at
TO between deep and open bites (d = 0.24), at T1 between
deep and normal bites (d = 0.00), and at T2 between deep
and normal bites (d = 0.00); for posterior contacts at TO
between deep and open bites (d = 0.00), and at T2 between
normal and open bites (d = 0.00); and for masticatory per-
formance at T1 between normal and open bites (d = 0.00),
and at T2 between deep and normal bites (d = 0.17).

Relationship between changes in occlusal
area, occlusal contacts and masticatory
performance

Table 7 shows the relationships between occlusal area

and occlusal contacts with masticatory performance. The
number of posterior contacts at T1 showed a weak, negative

and statistically significant correlation with masticatory
performance at T1 (r = —0.378, p < 0.05). Increases in occlu-
sal area and in the number of anterior and posterior con-
tacts were associated with lower masticatory performance
values, which represented better masticatory performance.

Discussion

Esthetics is a key consideration for orthodontists. How-
ever, it is crucial to keep in mind that masticatory func-
tion and orthopedic principles should also be considered.
Orthopedic stability in the masticatory structures should
focus on reducing the risk factors associated with the de-
velopment of TMD and promoting good masticatory func-
tion.32 Thus, awareness of adequate occlusion is important
for OT success since the two are directly related. Also,
occlusion is strongly connected with the health of the TM]
and masticatory muscles.®

A statistically significant decrease in occlusal area was
recorded between TO and T1. These results are in line
with the study by Horton et al., which reported a similar
occurrence in the interocclusal contact area after the use
of an occlusal-covering appliance (Essix) compared with
the use of a Hawley splint (without occlusal coverage).*
Following CAT, a lack of posterior contacts is common
and is expected to be resolved during occlusal settling. As
suggested by Sultana et al., this could be explained by the
fact that during the retention period, functional accom-
modation of the occlusion occurs, leading to an increase
in the number of contact points.3> According to the results
obtained, although the differences were not statistically
significant, the use of a CA only at night for 3 months
after the completion of treatment appeared to enhance
the restitution of occlusal contacts, including both the
occlusal area and posterior occlusal contacts. This agrees
with other studies that reported similar results despite
using other retaining devices.3¢
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In this sense, the idealized static occlusal objectives
can be accomplished using CAs with careful planning,
knowledge of the limits of this OT system, and, most im-
portantly, knowledge of how to overcome them. Restoring
physiologically normal masticatory function after OT is
an important goal that should not be overlooked. Reducing
foods to smaller particles is a key component of mastica-
tion and occurs at the interface between occlusal areas
of antagonistic teeth. As described in the literature, me-
chanical masticatory performance is closely related to sev-
eral factors, such as the areas of interocclusal contact and
near-contact between post-canine teeth during maximum
intercuspation.”38 The outcome variable of the technique
used in this study to assess masticatory function was the
degree of color mixing of the chewing gum, expressed by
VOH and measured by electronic colorimetric analysis.
Poorly mixed colors resulting from insufficient chewing
produce a high VOH, whereas well-mixed colors resulting
from sufficient chewing produce a low VOH. In the pres-
ent study, no improvement in masticatory performance
was observed between T1 and T2, contrary to what was
expected and described in the literature.® A systematic
review highlighted that OT significantly improves oral
health-related quality of life, with a noted enhancement in
masticatory performance after treatment. This improve-
ment was attributed to the regulation of muscle activity,
which promotes the symmetrical function of the masti-
catory muscles.*® Similarly, other authors have empha-
sized that orthodontic interventions lead to measurable
changes in occlusion and masticatory function, reinforc-
ing the concept that orthodontic appliances positively af-
fect masticatory efficiency.?” Furthermore, Gameiro et al.
conducted a longitudinal study that objectively assessed
masticatory and swallowing performance, revealing that
OT provides functional benefits beyond mere esthetic im-
provement.? Their findings suggest that the primary goals
of mastication were achieved after treatment, as evidenced
by improved performance metrics. This aligns with the
observations of Lee et al., who reported that the degree
of improvement in masticatory performance was positively
correlated with the degree of improvement in occlusal
area,3® and with Alshammari et al.,* who noted that orth-
odontic interventions can improve problems related to
jaw motor function and chewing, particularly in children
with malocclusion.

The relationship between occlusal area or occlusal con-
tacts and masticatory performance has garnered consid-
erable attention, with studies consistently indicating that
a larger occlusal contact area is positively correlated with
enhanced masticatory efficiency. Lee et al. found a sig-
nificant relationship between occlusal contact area and
masticatory performance, particularly highlighting the
posterior occlusal area, which demonstrated a stronger
correlation with masticatory outcomes than the ante-
rior area.*! This notion is further supported by Bunpu
and Changsiripun, who concluded that a greater occlusal
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contact area consistently facilitates improved chewing ef-
ficiency among patients.*> Miura et al. also highlighted
that an increased occlusal contact area was pivotal in en-
hancing masticatory efficacy, particularly in individuals
with pathological conditions such as cleft lip and palate,
noting that low occlusal force and abnormal jaw movement
can negatively impact masticatory efficiency.** Addition-
ally, Gameiro et al. demonstrated that a reduced occlusal
contact area in individuals with malocclusions could lead
to diminished masticatory performance due to decreased
muscle activity and stabilization during mastication.?
These findings underscore the critical role of occlusal area
in determining masticatory performance, suggesting that
maintaining or enhancing occlusal contacts should be a fo-
cal point in OT and functional restorative dentistry.

Kawai et al. reported that masticatory efficiency and
maximal occlusal force can significantly improve with
continued masticatory exercises, such as gum chewing,
which enhance blood flow and reduce discomfort in the
periodontal ligament.** This is further supported by the
findings of Jang et al., who noted that eliminating unfavor-
able occlusal conditions post-extraction leads to smoother
chewing cycles and improved masticatory performance.?”
Moreover, studies have shown that while masticatory per-
formance improves, it may not reach the levels observed
in individuals with normal occlusion. Magalhées et al.
pointed out that although OT generally enhances masti-
catory function, some impairments may persist compared
with those observed in individuals without malocclusion.4®
This suggests that while OT is beneficial, further inter-
ventions or exercises may be necessary to fully optimize
masticatory performance. This may be one of the reasons
for the lack of statistically significant results observed in
the present study between T1 and T2. The findings may
also indicate stabilization of the occlusion, which was
achieved after treatment and maintained after 3 months
of nighttime CA use.

Complex cases had fewer posterior occlusal contacts at
the beginning and end of CAT. This may be explained by
the fact that this type of case generally presents a greater
number of anatomical and functional parameters that
determine this classification, making its correction more
difficult. Cassinelli et al. demonstrated a significant cor-
relation between case complexity and treatment difficulty,
which is consistent with the present results.?

Strong relationships exist between the degree of skeletal
divergence (hypodivergent, normodivergent or hyperdi-
vergent), the number of occlusal contacts and mastica-
tory function. Skeletal divergence has also been shown to
be negatively correlated with maximum bite force. This
means that a hypodivergent patient tends to present higher
bite forces. The opposite is also true for hyperdivergent
individuals. In addition to the bite-block effect theory,*
the amount of force and the pattern of masticatory mus-
cle activation, as well as changes in masticatory function,
are important variables. Therefore, various effects can
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be expected in individuals with different degrees of skel-
etal divergence, since different bite forces are observed in
these facial types. It would be expected that individuals
with a hypodivergent biotype would tend to have a higher
bite force, leading to the development of stronger occlusal
contacts and, consequently, better mechanical masticatory
performance compared with hyperdivergent individuals,
who have lower facial muscle strength.#48

Contrary to expectations, the results showed no sta-
tistically significant relationship between facial biotypes
and masticatory performance.*® However, even in the ab-
sence of statistical significance, together with the small
improvement observed in masticatory performance, slight
increases between occlusal area and posterior contacts
were observed between T1 and T2 for normodivergent and
hyperdivergent biotypes. These slight increases align with
findings reported by other authors, showing that normo-
divergent individuals normally present a higher number
of anterior occlusal contacts than hyperdivergent indi-
viduals at the end of treatment. This may be explained by
the fact that the hyperdivergent individuals often present
a tendency toward an open bite.* Moreover, the literature
indicates only limited improvement in masticatory per-
formance between the immediate post-OT period and 3
months thereafter, highlighting the complexity of neuro-
muscular adaptation processes. While some studies report
initial increases in masticatory efficiency, long-term gains
may not be as pronounced due to individual variations
in neuromuscular adaptation and the potential need for
a more extended adaptation period beyond 3 months.*The
authors noted that improvements in masticatory perfor-
mance can be inconsistent and dependent on multiple fac-
tors, including the patient’s age and pre-existing conditions.
Additionally, the findings of Cohen-Lévy et al. suggest that
re-establishing normal function after treatment may in-
volve considerable adaptation, with marked increases in
bite force occurring initially and subsequently tapering
off after several months.>® Furthermore, Magalhaes et al.
emphasized that although OT often ameliorates certain
aspects of mastication, overall performance may still be
suboptimal compared with that of individuals without
occlusal discrepancies, suggesting that observed changes
after treatment may reflect a settling period rather than
lasting improvement.*> Collectively, these findings high-
light the necessity of comprehensive longitudinal studies
to clarify the time course of recovery in masticatory per-
formance following OT.

According to Angle’s malocclusion classification,
Bae et al. reported that the masticatory performance may
differ among malocclusion classes.* These authors con-
cluded that masticatory performance was higher in indi-
viduals with Angle’s Class I malocclusion,® followed by
those with Angle’s Class II and, finally, Angle’s Class III
malocclusion. The results obtained in the present study
are consistent with the contrasting findings of Watanabe-
Kanno and Abrio, who stated that occlusal contacts cannot
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be standardized according to malocclusion type.>? How-
ever, although Angle’s classification system is the most
universally accepted, it has several shortcomings. Maloc-
clusion is a three-dimensional (sagittal, transverse and
vertical) condition, whereas Angle’s system considers only
anteroposterior deviation. Since the present study evalu-
ated masticatory performance according to Angle’s clas-
sification, the applicability of its results is limited because
this classification does not consider transverse and verti-
cal problems,*5! which may also influence masticatory
performance.

The results show that at the beginning of treatment,
individuals with Class I molar relationship presented
significantly higher numbers of anterior contacts than
those with Class II. The fact that individuals with Class II
frequently present overjet may help explain these results,
since the anterior teeth are not in direct contact with one
another, resulting in fewer anterior contacts.>® Consistent
with these findings, at the end of CAT, the present study
showed that individuals with Class III molar relationship
had a significantly higher number of anterior contacts
compared to Class II individuals.

The thickness of the CA within the interocclusal space
promotes a bite-block effect, leading to anatomical changes
and inherent difficulties in achieving posterior contacts.”
Fan et al. showed that intruding posterior teeth with CAs
allowed anterior mandibular rotation.>* Reducing facial
height and improving pogonial projection with correct
torque, inclination and maxillary molar distalization may
exacerbate Class III malocclusion.>>¢ However, through-
out OT, the goal is to reposition the lower front teeth to
amore posterior position relative to the upper teeth. As the
teeth are moved into their new positions, it is common for
patients to experience more anterior occlusal contacts at
the end of OT. This is consistent with the results obtained.
Itis important to remember that the bite-block effect refers
to the intrusion of posterior teeth due to the thickness
of the aligners, which can influence occlusal contacts and
vertical dimensions. Some patients using CAs experience
transient open-bite tendencies after treatment due to in-
sufficient occlusal settling and a reduction in posterior
contacts.3? Therefore, brackets and wires do not act as
a uniform bite block, although bite turbos or elastics can
be used intentionally to manage deep or open bites. Hence,
occlusal settling is generally better because the teeth can
naturally come into contact throughout treatment, par-
ticularly after debonding.5” Conversely, another study
concluded that for the treatment of mild malocclusion in
adolescents, CAs were as effective as fixed appliances, with
significantly better outcomes with CAT in terms of tooth
alignment, occlusal relationships and overjet.>

The etiology of TMD is complex and multifactorial,>*%°
afact recognized by the scientific community. In addition,
occlusion is known to play a role in TMD, but this rela-
tionship is still controversial.® Studies have indicated that
this role may be more important than generally accepted,
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especially in internal derangements of the TM]J.2! The lit-
erature has already shown that occlusal changes resulting
from CAT can alter the orthopedic stability of the cra-
niofacial system and may create conditions conducive to
the onset of TMD.> However, our results showed that the
use of CAs did not affect the onset of TMD signs and
symptoms. This could be explained by the fact that a bio-
mechanical environment tends to induce an adaptative
response of the system, whether through remodeling of its
structural components or changes in function, because the
sensorimotor system is not static but plastic and has the
capacity to adapt to the functional demands.®?-4 It should
also be remembered that cognitive, affective and emotional
factors often determine whether and how a patient adjusts
to dental treatment.5>66

In this context, Hifny et al. suggested a direct associa-
tion between TMD and occlusion, indicating that patients
with a history of TMD and specific occlusal interfer-
ences may be more susceptible to maladaptive disorders
following OT, potentially increasing the risk of devel-
oping complications if these factors are not adequately
addressed during treatment.®” A study by de Kanter et al.
supported these results and also advocated for a strong
focus on occlusal considerations during the diagnostic
and treatment phases of orthodontics.®® Nevertheless,
the degree to which occlusion contributes to TMD re-
mains debated, as discussed above. According to Kannan
and Padmanabhan, a “stable occlusion” is an essential
goal of OT; however, they emphasized that not attaining
a “perfect occlusion” does not inherently lead to TMD
signs and symptoms.® This notion is further reinforced
by Manfredini et al., who describe orthodontics as gener-
ally neutral with respect to the risk of TMD, suggesting
that while occlusal factors might play a role in some cases,
they are not deterministic predictors of TMD outcomes.”
The systematic review by Ferndndez-Gonzalez et al.
showed that the multifactorial nature of TMD cannot
be overlooked; TMD may arise from various factors, such
as trauma, emotional stress and parafunctional activities,
alongside occlusal discrepancies.!® In this context, the
relationship between occlusion and TMD symptoms may
reflect a complex interplay rather than a clear causative
chain. Moreover, some authors have suggested that while
OT may indeed alter TM]J function, the clinical changes
resulting from treatment may not significantly differ from
those observed in untreated controls.”! Similarly, in a co-
hort study, Sim et al. indicated that although Class II
malocclusion is associated with higher rates of TMD, the
overarching conclusion was that OT does not definitively
exacerbate or mitigate TMD symptoms.”? Additionally, it
is essential to consider that not all types of malocclusion
affect TMD signs equally. Kaku et al. reported that deep
bites were significantly correlated with TMD symptoms,
suggesting that specific occlusal patterns might warrant
more focused investigation of their role as potential risk
factors for TMD development.”?
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With advances in healthcare technology, it is essential
to discuss the types and properties of materials used in
dentistry.”#7¢ A study comparing conventional resin and
3D-printed resin concluded that conventional heat-cured
poly(methyl methacrylate) (PMMA) displayed superior
flexural properties, while 3D-printed resin showed the
highest hardness.”” All tested materials were vulnerable to
deterioration in their mechanical properties due to artifi-
cial aging, but conventional PMMA exhibited the greatest
resistance to changes, making it the optimal choice for suc-
cessful clinical performance. Another study”® compared
the mechanical properties of 3 different 3D-printed res-
ins: IBT Resin (Formlabs Inc., Somerville, USA); BioMed
Amber Resin (Formlabs Inc.); and Dental LT Clear Resin
(Vertex-Dental, Soesterberg, the Netherlands). Tensile
strength testing showed that BioMed Amber Resin yielded
the most repeatable results, with similar force values re-
quired to fracture all resin specimens. The lowest tensile
force was required to damage IBT Resin, which was the
least stable and least rigid material, whereas Dental LT
Clear Resin was the most resistant of the 3 resins. Comple-
menting the previous study,”® other authors” evaluated
the properties of Dental LT Clear Resin and concluded
that polishing had minimal influence on the properties
of the resin but increased the resistance of the specimens
to artificial aging, while artificial aging significantly af-
fected the compressive modulus and tensile properties
of the material. All these factors should be considered
when using the aligners during treatment. Furthermore,
another study® concluded that 3D-printed aligners can be
successfully printed in-house and used in mildly crowded
cases, with tooth movement accuracy comparable to that
of other aligners.

The materials used in CA fabrication, specifically 3D-
printed and thermoformed aligners, can significantly in-
fluence occlusal recovery outcomes during OT. Research
indicates that thermoformed aligners, which are often
thinner and may exhibit variable rigidity, can lose their fit
against the teeth, particularly at the gingival edge. This loss
of fit may impair effective tooth movement and occlusal
adjustments.® This loss of fit is linked to a reduction in the
efficacy of the applied forces, as observed by Gaddam et al.,
who noted that variations in aligner thickness can lead to
different amounts of torque being generated within the
dental arch.8? Conversely, advancements in 3D printing
technologies aim to produce aligners with improved fit and
mechanical properties, potentially enhancing their ability
to facilitate effective occlusal recovery.®® Therefore, while
traditional thermoformed aligners may adversely affect
occlusal dynamics and recovery due to fit issues and stress
distribution, 3D-printed aligners could provide a more pre-
cise and adaptable treatment modality, promoting better
patient outcomes and post-treatment occlusal function.?

In the context of ongoing technological developments
and the importance of articulators in dental treatment
planning, including systems such as CADIAX® compact
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2 and MODJAW™,7 one study compared mechanical and
computerized registration methods using 2 selected ki-
nematic facebows: the Gerber Dynamic Facebow; and the
computerized ARCUSdigma II axiograph. The authors
concluded that the use of a mechanical facebow was as-
sociated with a higher risk of manual measurement errors
during the tracing procedure. Moreover, because of the
substantial discrepancies between the results, the authors
recommended using an articulator compatible with the
facebow used for the measurements.

Limitations

One limitation of the present study was its small sample
size resulting from the inclusion criteria, which limited the
statistical power and reduced the reliability of the findings.
A larger sample would provide better representation of the
population and more accurate results, together with a lon-
ger follow-up period. Also, there was no control group (e.g.,
fixed appliance group), which should be considered and
included in future studies for comparison with CAT. As the
aim of the present study was to conduct a cohort analysis
of CAT outcomes, specifically assessing occlusal changes
and their influence on masticatory performance, a control
group was not included at this stage. Such a comparison
could improve understanding of the impact of different
types of OT on occlusal outcomes. Moreover, no base-
line (T0) data were recorded regarding the relationship
between occlusal area, occlusal contact and masticatory
performance, and these variables should be assessed in
future studies. This may represent a potential confound-
ing factor. Other potential confounding factors include
variability in patient compliance with aligner use, dietary
habits that may influence masticatory performance, and
parafunctional habits such as bruxism.

Conclusions

The results demonstrated that during CAT, the num-
ber of occlusal contacts and the occlusal contact area
decreased. It was also observed that using CAs only at
night slightly enhanced the recovery of occlusal contacts.
Regarding case complexity and occlusal factors, complex
cases presented fewer posterior contacts at the beginning
of CAT. In contrast, simple cases showed a greater occlu-
sal area at the end of CAT. A higher number of anterior
contacts was observed at the beginning of treatment in
individuals with Class I molar relationship. These changes
were associated with an increase in anterior contacts in
Class III cases at the end of treatment and 3 months later.
No significant differences in masticatory performance
were found according to the molar relationship, the facial
biotype or the case complexity. Furthermore, no TMD
signs and symptoms were observed during or after CAT.
Future studies should include a control group, better
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account for potential confounding factors, increase the
sample size, and conduct long-term follow-ups beyond 3
months to assess occlusal settling more thoroughly.
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