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Abstract

Background/Objectives: Currently, clear aligners are preferred to conventional appliances,
especially among adult patients. However, the use of aligners for treating maxillary
constriction is still debated in the literature. Therefore, the purpose of this study was
to assess maxillary dentoalveolar expansion following clear aligner therapy in adults
using CBCT scans. Methods: The study sample encompassed 50 non-growing patients
(27 females and 23 males) aged 20 to 42 undergoing clear aligner orthodontics without
dental extractions or auxiliaries. Transverse linear distances were measured on initial
and final CBCTs and, subsequently, analysed through paired t-test and ANOVA. We
considered alveolar bone measurements and interdental widths measured at the buccal
apices and cusps from canines to second molars. Results: The buccal alveolar ridge width
showed the greatest expansion (1.01 ± 0.38 mm), followed by the palatal alveolar ridge
and maxillary alveolar bone. Statistically significant improvements were observed for all
interdental measurements. The most considerable changes occurred in the interpremolar
cusp distances, while the least changes were seen in the intermolar apex distances. At
the cusp level, the average interpremolar widths increased by 3.44 ± 0.22 mm for the first
premolars and 3.14 ± 0.27 mm for the second ones. Conclusions: Clear aligner treatment
can effectively manage a constricted maxillary arch. We found significant changes in the
maxillary alveolar bone. Both inter-apex and inter-cusp widths increased in all teeth, with
the highest values in the premolars. Moreover, the increases in interdental distances at both
apex and cusp levels were related to tooth position.

Keywords: 3D; CBCT; clear aligners; digital dentistry; maxillary expansion

1. Introduction
A constricted maxillary arch is one of the most common concerns in orthodontics [1,2].

On clinical examination, it is possible to find some peculiar signs of a maxillary deficiency,
such as dental crowding, the presence of posterior crossbites, and dark buccal corridors [3].

An underdeveloped maxilla is strictly correlated with the evolutionary changes of
the human species. The modern human face exhibits a different distribution of bone
resorption and deposition areas compared to our predecessors [4]. The anterior portion of
the maxilla has been subjected to continuous bone resorption phenomena during evolution;
consequently, the maxillary length and width of modern faces are more reduced than those
of ancient skulls [5].

The therapeutic approach of a transverse maxillary constriction can be a dentoalveolar
or a skeletal expansion depending on the aetiology and the patient’s demographic and
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skeletal factors [6,7]. The choice of a conventional palatal separation is related to midpalatal
suture maturation, which, in turn, is affected by age, sex, and skeletal growth patterns [8].

With the midpalatal suture closure, the possibility of a conventional expansion is
reduced; therefore, the clinician generally opts for a dentoalveolar expansion in patients
without skeletal discrepancies. Quad helix devices and conventional/self-ligating brackets
or aligner appliances can be used for dentoalveolar expansion [9,10]. In fact, in cases of a
constricted maxilla, a non-extraction therapy using multibracket appliances or removable
aligners can increase the arch perimeter through the transverse expansion and/or proclina-
tion of anterior teeth: this non-extraction approach is particularly suitable for non-growing
individuals [11,12].

In recent years, the demand for orthodontic therapies compatible with aesthetic and
social needs has been increasing [13,14]. Clear aligners are a viable alternative to traditional
orthodontic appliances; in fact, aligners provide several benefits, including better oral
hygiene, greater comfort, fewer appointments, and improved aesthetics [15]. Thanks to the
ongoing improvements in technology, materials, attachment designs and the introduction
of virtual radicular setups, the clear aligners can even manage the most complex maloc-
clusions [16,17]. Conversely, some clinicians emphasise the need for additional aligners or
mid-course corrections to achieve the planned outcomes [18,19].

Most previous papers regarding clear aligners evaluated the effectiveness of dental
movements, e.g., derotation, molar distalisation, intrusion, or extrusion, whereas a limited
number of works have focused on the evaluation of a transverse maxillary increase [20,21].

The studies now available in the literature investigated the accuracy of maxillary
expansion following clear aligners mainly by the analysis of pre- and post-treatment digital
models or by the comparison of the final digital model with the virtual setup [22,23]. More-
over, some papers compared the arch expansion achieved by aligners with that attained
by the multibracket technique [24,25]. Different primary features, i.e., materials, gingival
margin designs, attachments, or auxiliaries, contributed to heterogeneous outcomes [23].

A recent review reported greater transverse inter-cusp widths after clear aligners,
especially in the premolar area [26]. Additionally, a wider arch after orthodontics was
related to the buccal tipping of crowns, which was more pronounced in anterior than
posterior regions. Therefore, Bouchant et al. concluded that the expansion achieved by
means of the aligners was predominantly dentoalveolar [26]. However, previous studies
concerning maxillary expansion focused mainly on the coronal or gingival measurements,
neglecting the analysis of root movements [27,28]. Furthermore, some previous papers
were conducted on older materials or small study groups [27,29].

Cone-beam computed tomography (CBCT) provides an accurate evaluation of max-
illary constriction, as anatomical measurements can be taken accurately [30]. Unlike 2D
radiographic examinations, CBCT offers 3D images of distinct orofacial structures with-
out the superimposition of contiguous anatomies [31]. Furthermore, using CBCT scans,
clinicians can examine the entire tooth from the apex to the cusp thanks to multiple cuts.
A few previous papers have three-dimensionally investigated the transverse expansion
after clear aligner therapy using CBCTs [12,32]. Nevertheless, these works comprised a
small sample size and focused on posterior areas. In a 2023 study, we noted the significant
torque changes without substantial apical root resorption following expansion therapy
using aligners; however, in that 3D analysis, we did not comprise the variations in the
maxillary bone and interdental widths [33]. To date, a complete 3D analysis to assess
dentoalveolar changes after non-extraction therapy with clear aligners has not yet been
proposed in the literature.
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Therefore, the current study aimed to evaluate the effects of clear aligners on the max-
illary dentoalveolar expansion in adult patients using CBCT scans. Three null hypotheses
were formulated.

The first null hypothesis was that there were no significant modifications in maxillary
alveolar bone after clear aligner treatment.

The second null hypothesis was that there were no significant changes in inter-apex
and inter-cusp widths from canines to second molars at the end of the therapy.

Lastly, the third null hypothesis was that there were no significant differences in pre-
to post-treatment widths among tooth types.

2. Materials and Methods
We conducted a retrospective study involving patients who underwent orthodontic

treatment with clear aligners between October 2021 and May 2024 in the Department
of Innovative Technologies in Medicine & Dentistry at “G. d’Annunzio” University of
Chieti-Pescara.

Ethics approval (number 23, 8 November 2018) was obtained by the Independent
Ethics Committee of Chieti Hospital. The study protocol was drawn following the European
Union Good Practice Rules and the Helsinki Declaration.

The patients were selected according to the inclusion and exclusion criteria. The
inclusion criteria encompassed non-growing patients of both genders aged over 18 years;
non-extraction treatment requiring a transverse dentoalveolar expansion of the maxillary
arch exclusively with clear aligners in both arches; normodivergent subjects with a skeletal
Class I malocclusion; the presence of all permanent teeth, except the wisdom teeth; and
good collaboration throughout the entire duration of the treatment. The exclusion crite-
ria were as follows: individuals with systemic diseases, orofacial abnormalities, trauma,
and/or drug-taking history affecting tooth movement; extraction cases; subjects with molar
crossbites; patients with temporomandibular disorders; the use of orthodontic auxiliaries
during the arch expansion stage, such as cross elastics or mini-screws; orthognathic surgical
cases; and previous orthodontic or orthopaedic treatments.

A total of 50 patients (27 females and 23 males) were eligible for this retrospective
study. The participants’ ages ranged between 20 and 42 years, with an average age of
31.4 years. All patients provided written informed consent before the initiation of the
orthodontic therapy. The therapeutic approach encompassed a maxillary dentoalveolar
expansion exclusively with Invisalign® clear aligners (Align Technology, Inc., Tempe, AZ,
USA) in order to resolve any possible crowding and transverse discrepancy. The total
number of aligners ranged from 29 to 40 per arch, with an average of 35 aligners. All
participants were instructed to change the aligner every 14 days and to wear it for at least
22 h/day. The orthodontic treatment lasted, on average, 18 months.

During the initial visit (T0), the dental and medical histories, along with the or-
thodontic and gnathological clinical examinations, were collected for each participant.
Additionally, a CBCT scan was prescribed for every participant.

CBCT scans were taken through NewTom VGi evo unit (NewTom–Cefla S.C., Imola,
BO, Italy) according to the low dose protocol with these parameters: acquisition time of
15 s, 80 kVp, 5 mA, 35 microSievert (µSv), a field of view (FOV) of 240 × 190 mm, and
normal image resolution [34]. During the CBCT procedure, all subjects were seated upright
with their backs as perpendicular to the floor as possible, and their heads stabilised by ear
rods in the external auditory meatus in order to orient the head according to the Natural
Head Position (NHP). Each individual was advised to gaze into a mirror placed 1.5 m away.
The NHP is regarded as a physiological and repeatable posture used for morphological
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analysis [35,36]. All patients were informed to swallow, bite down into centric occlusion
with the lips in gentle contact, and refrain from moving.

After X-ray scanning, DICOM (Digital Imaging and Communications in Medicine)
image files were processed by Dolphin Imaging 3D software 11.9 (Dolphin Imaging &
Management Solutions, Chatsworth, CA, USA) for a 3D analysis. To perform repeatable
measurements, the patient’s skull image was oriented according to the NHP in the three
planes of space orthogonal to each other, in a similar way as previous research (Figure 1):
in the coronal orientation, the axial plane passing through the right Orbital (Or) is perpen-
dicular to the mid-sagittal plane (MSP) passing through the Crista Galli (Cg); in the sagittal
orientation, the Frankfurt plane (FH), a plane passing through two points, the right Orbital
(Or) and Porion (Po), is perpendicular to the coronal plane; in the axial orientation, the
coronal plane is perpendicular to the MSP passing through the midpalatal suture [33,37].

 

Figure 1. Three-dimensional skull orientation: front (A), right (B), and bottom (C) views in a similar
way as Macrì et al. [33,37].

Consequently, the virtual 2D radiograms were extracted. The cephalometric anal-
ysis was performed on virtual lateral teleradiography to assess the sagittal and vertical
skeletal patterns.

After acquiring intraoral and extraoral photos, the dental arches were scanned using
an iTero Element 5D Plus® scanner (Align Technology, Inc., Tempe, AZ, USA).

The virtual setup for each subject included a maxillary expansion and, except for the
attachments, no auxiliaries were inserted. A single orthodontist with extensive knowledge
of the clear aligner system planned the treatment using ClinCheck Pro® 6.0 software (Align
Technology, Inc., Tempe, AZ, USA). The fit of the aligners and the presence of required
attachments were checked at each scheduled visit by the same orthodontist.

At the end of clear aligner therapy (T1), extraoral and intraoral photos and a CBCT
scan were performed for each participant, and virtual 2D radiograms were acquired, as
reported above.

The coronal and the axial slices were examined to assess the maxillary expansion
following clear aligner therapy.

All initial (T0) and final (T1) linear measurements were performed through the mea-
surement tools present in Dolphin Imaging 3D software.

On the coronal slice, we examined the maxillary alveolar bone widths at T0 and T1,
while on the axial slice, we analysed the inter-apex and inter-cusp widths in the maxillary
canines, first and second premolars, and first and second molars at T0 and T1.

Figure 2 reports the three distances at the first molar level taken on coronal slices
in a similar way as Zhou and Gou [32]. We performed the following linear tomographic
measurements regarding the maxillary alveolar bone: (A) the width at the level of the most
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convex points of the bilateral buccal alveolar bone; (B) the distance between the buccal
alveolar ridges; and (C) the distance between the palatal alveolar ridges.

 

Figure 2. Maxillary linear distances measured in a similar way as Zhou and Guo: maxillary alveolar
bone width (A); buccal alveolar ridge width (B); palatal alveolar ridge width (C).

In addition, we performed transverse measurements on the superior submento-vertex.
The intercanine apex width was defined as the distance between the root apices of the

right and left canines (Figure 3).

 

Figure 3. Distances of buccal root apices between the maxillary canines (A), first premolars (B),
second premolars (C), first molars (D), and second molars (E).

The first and second interpremolar apex widths were the distances from the buccal
apices of the first and second premolars to their contralateral ones.

The first and second intermolar apex widths were described as the distances between
the mesiobuccal apices of the first and second molars and their contralateral ones, in a
similar way as Zhou and Guo [32].

The intercanine cusp width was defined as the distance between the cusps of the
canines on each side of the maxilla (Figure 4).
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Figure 4. Linear measurements between the cusps of canines (A), the buccal cusps of first
premolars (B) and second premolars (C), and the mesiobuccal cusps of first molars (D) and sec-
ond molars (E).

The first and second interpremolar cusp widths were the distances from the buccal
cusps of the first and second premolars to their contralateral ones.

The first and second intermolar cusp widths were described as the distances between
the mesiobuccal cusps of the first and second molars and their contralateral ones, in a
similar way as Morales-Burruezo et al. [38].

Statistical Analysis

We estimated the size of the sample population in a similar way as Galluccio et al. [39].
Ultimately, we included 50 patients, providing 92% power for our observed effect (d = 0.62)
and enhancing sensitivity for smaller effects. All linear measurements were conducted by a
single trained examiner. After two weeks, the same investigator repeated all measurements
on 20% of the study sample that was randomly selected. All distances previously exposed
were assessed on a sample of ten patients as a calibration before the initiation of the study
in a similar way as Perrotti et al. [10]. For each distance examined, the same measurement
was repeated six times to potentially achieve the most accurate result, which was then
indicated as the mean ± SD. The actual measurements were recorded for 50 participants
only when the SD was below 5% of the average distance.

The intraclass correlation coefficient (ICC) was used to evaluate the intra-examiner
measurement error. All initial and final measurements were recorded in a Microsoft Excel
spreadsheet (version 2019; Microsoft, Redmond, WA, USA) to calculate means, standard
deviations, and maximum and minimum values. A paired t-test was run to identify any
significant variations in alveolar bone and interdental widths from the beginning to the
end of the orthodontic therapy. A one-way ANOVA was performed to evaluate whether
pre- to post-treatment width changes differed significantly among tooth types. The level of
significance was set at 5%. All statistical analyses were executed using Stata 18 (version
18.0, 2023; StataCorp Llc., College Station, TX, USA).

3. Results
The current study analysed the transverse linear distances of the maxillary arch at T0

and T1 in 50 adult patients treated exclusively with clear aligners. All measurements were
conducted on CBCT scans. ICC varied from 0.950 to 0.974, demonstrating high reliability.

Table 1 shows the modifications in maxillary alveolar bone widths following an
orthodontic expansion. The greatest mean variation was detected in the buccal alveolar
ridges (1.01 ± 0.38 mm). The average increase between the palatal alveolar ridges was
0.81 ± 0.37 mm. The increase in the maxillary width at the alveolar bone was less noticeable
(0.09 ± 0.22 mm).
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Table 1. Variation in maxillary alveolar bone widths between T0 and T1.

Maxillary Linear
Width

T1-T0 (mm)
(Mean ± SD)

T1-T0
Minimum–
Maximum

Values (mm)

T1-T0 (%)
(Mean ± SD)

T1-T0
Minimum–
Maximum
Values (%)

p-Value

Alveolar bone 0.09 ± 0.22 0–1.20 0.14 ± 0.39 0–2.04 0.009 *

Buccal alveolar
ridge 1.01 ± 0.38 0.30–2.80 1.80 ± 0.69 0.53 ± 5.03 2.83857 × 10−24 **

Palatal alveolar
ridge 0.81 ± 0.37 0–1.30 2.24 ± 1.04 0–4.05 2.08145 × 10−20 **

SD indicates standard deviation; * p < 0.01; ** p < 0.0001.

The paired t-test revealed statistically significant increases in both buccal and palatal
alveolar ridges. We also observed a statistically significant increase in alveolar bone widths
after clear aligner therapy (p < 0.01).

Concerning the changes in inter-apex widths, we found the highest mean expansion
in the first premolars (1.89 ± 0.39 mm) while the lowest mean variation was found in the
second molars (0.15 ± 0.09 mm). Similar mean values were observed in the canines and
second premolars, 1.31 ± 0.73 mm and 1.48 ± 0.68 mm, respectively. A slight mean increase
was noted in the first molars (0.70 ± 0.26 mm). For all teeth, the inter-apex distances were
statistically significant (Table 2).

Table 2. Variation in inter-apex widths from canines to second molars between T0 and T1.

Inter-Apex
Width

T1-T0 (mm)
(Mean ± SD)

T1-T0
Minimum–
Maximum

Values (mm)

T1-T0 (%)
(Mean ± SD)

T1-T0
Minimum–
Maximum
Values (%)

p-Value

Intercanine 1.31 ± 0.73 0.10–2.50 4.39 ± 2.43 0.34–8.39 5.84596 × 10−17 **

First
interpremolar 1.89 ± 0.39 0.7–2.6 5.18 ± 1.11 1.93–7.22 1.07006 × 10−35 **

Second
interpremolar 1.48 ± 0.68 0.10–2.60 3.53 ± 1.63 0.24–6.15 2.33339 × 10−20 **

First intermolar 0.70 ± 0.26 0.10–1.20 1.40 ± 0.53 0.20–2.41 4.20634 × 10−24 **

Second
intermolar 0.15 ± 0.09 0–0.40 0.29 ± 0.17 0–0.77 2.28014 × 10−16 **

SD indicates standard deviation. ** p < 0.0001.

Table 3 illustrates the variations in inter-cusp distances from maxillary canines to
second molars following an orthodontic expansion.

At the end of therapy, the greatest mean widths were found in the first premolars
(3.44 ± 0.22 mm) followed by second premolars (3.14 ± 0.27 mm) and canines (2.32 ± 0.33 mm).
The smallest mean widths occurred in the second molars (0.70 ± 0.28 mm). The average
first intermolar cusp width was 2.60 ± 0.52 mm.

We found a statistically significant increase in inter-cusp widths from the canines to
the second molars after clear aligner treatment.

The ANOVA analysis revealed a statistically significant main effect of tooth position
(F (4, 245) = 95.36, p < 0.001), indicating substantial variation in treatment response regard-
ing inter-apex widths across tooth types (Table 4). Post hoc comparisons using the Tukey’s
Honestly Significant Difference (HSD) test demonstrated that the second molars exhibited
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significantly lower expansion (−1.74 ± 0.10 mm) compared to the first premolars at the
apex level (p < 0.001). No significant inter-apex differences were detected between the
second premolars (0.17 ± 0.10 mm) and canines (p = 0.405) (Table 5).

Table 3. Variation in inter-cusp widths from canines to second molars between T0 and T1.

Inter-Cusp
Width

T1-T0 (mm)
(Mean ± SD)

T1-T0
Minimum–
Maximum

Values (mm)

T1-T0 (%)
(Mean ± SD)

T1-T0
Minimum–
Maximum
Values (%)

p-Value

Intercanine 2.32 ± 0.33 1.40–3.60 7.37 ± 1.11 4.18–11.76 2.39215 × 10−43 **

First
interpremolar 3.44 ± 0.22 3.10–3.90 8.65 ± 0.60 7.71–10.13 1.1346 × 10−60 **

Second
interpremolar 3.14 ± 0.27 2.70–3.60 6.94 ± 0.65 5.71–8.13 5.72304 × 10−54 **

First intermolar 2.60 ± 0.52 0.40–3.40 5.74 ± 1.19 0.90–7.64 1.4256 × 10−35 **

Second
intermolar 0.70 ± 0.28 0.10–1.80 1.24 ± 0.51 0.18–3.24 1.2904 × 10−22 **

SD indicates standard deviation. ** p < 0.0001.

Table 4. One-way ANOVA for the variation of the inter-apex widths among tooth types.

Source Sum of
Squares

Degrees of
Freedom

Mean
Square F p-Value

Between groups 94.1761567 4 23.5440392 95.36 <0.001
Within groups 60.4889981 245 0.24689387

Total 154.665155 249 0.6211452

Table 5. Tukey’s HSD test for the inter-apex widths.

Inter-Apex Width Contrast Standard
Error t Test p-Value > |t| [95% Confidence Interval]

Tooth type
First premolar vs.

canine 0.586 0.0993768 5.90 <0.001 0.3128924 0.8591075

Second premolar vs.
canine 0.174 0.0993768 1.75 0.405 0.0991075 0.4471075

First molar vs.
canine 0.61 0.0993768 6.14 <0.001 0.8831075 0.3368925

Second molar vs.
canine 1.158 0.0993768 11.65 <0.001 1.431108 0.8848925

Second premolar vs.
first premolar 0.412 0.0993768 4.15 <0.001 0.6851075 0.1388924

First molar vs. first
premolar 1.196 0.0993768 12.03 <0.001 1.469108 0.9228924

Second molar vs.
first premolar 1.744 0.0993768 17.55 <0.001 2.017108 1.470892

First molar vs.
second premolar 0.784 0.0993768 7.89 <0.001 1.057108 0.5108924

Second molar vs.
second premolar 1.332 0.0993768 13.40 <0.001 1.605108 1.058892

Second molar vs.
first molar 0.548 0.0993768 5.51 <0.001 0.8211075 0.2748925
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The changes in inter-cusp widths among teeth after clear aligner therapy were sta-
tistically significantly affected by tooth position (F (4, 245) = 487.29, p < 0.001) (Table 6).
Regarding the inter-cusp widths, Tukey’s HSD test indicated that the second intermolar
distances showed significantly lower increases (−2.74 ± 0.07 mm) compared to the first
interpremolar ones (p < 0.001) (Table 7).

Table 6. One-way ANOVA for the variation of the inter-cusp widths among tooth types.

Source Sum of
Squares

Degrees of
Freedom

Mean
Square F p-Value

Between
groups 227.96456 4 56.9911399 487.29 <0.001

Within groups 28.6542002 245 0.116955919

Total 256.61876 249 1.03059743

Table 7. Tukey’s HSD test for the inter-cusp widths.

Inter-Cusp Width Contrast Standard
Error t Test p-Value > |t| [95% Confidence Interval]

Tooth type
First premolar vs. canine 1.118 0.0683976 16.35 <0.001 0.9300295 1.30597

Second premolar vs. canine 0.82 0.0683976 11.99 <0.001 0.6320295 1.00797
First molar vs. canine 0.276 0.0683976 4.04 0.001 0.0880295 0.4639705

Second molar vs. canine 1.622 0.0683976 23.71 <0.001 1.80997 1.43403
Second premolar vs. first

premolar 0.298 0.0683976 4.36 <0.001 0.4859705 0.1100295

First molar vs. first premolar 0.842 0.0683976 12.31 <0.001 1.02997 0.6540295
Second molar vs. first

premolar 2.74 0.0683976 40.06 <0.001 2.92797 2.55203

First molar vs. second
premolar 0.544 0.0683976 7.95 <0.001 0.7319705 0.3560295

Second molar vs. second
premolar 2.442 0.0683976 35.70 <0.001 2.62997 2.25403

Second molar vs. first molar 1.898 0.0683976 27.75 <0.001 2.08597 1.71003

4. Discussion
The current study investigated the efficacy of the maxillary expansion after clear

aligner therapy. Unlike other studies, we conducted a 3D analysis using CBCT scans.
Moreover, we recruited only adults of both sexes across similar age groups to obtain a
more homogeneous study sample. None of our participants showed a severe discrepancy
between the two jaws, for which a combined surgical and orthodontic treatment could be
necessary; consequently, a maxillary dentoalveolar expansion was planned to correct the
maxillary arch morphology/constriction.

In the current study, we excluded children and adolescents. Indeed, residual growth
could lead to further maxillary expansion, compromising the study outcomes. Furthermore,
we did not encompass patients over 45 years, as the perimenopause period or any hormonal
therapies could affect bone metabolism [40,41].

Moreover, we did not consider cases requiring crossbite elastics, mini-screws, or
sectional wires. The use of these auxiliaries could facilitate maxillary arch expansion,
reducing the therapy duration or achieving potentially greater expansion [42,43].

Our research revealed that clear aligner therapy can promote maxillary dentoalveolar
expansion among adult patients with permanent dentition. Indeed, we found significant
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modifications in maxillary alveolar bone from the beginning to the end of the treatment,
rejecting the first null hypothesis. We observed broader widths after clear aligner treatment,
especially in the buccal and palatal alveolar ridges. To date, only one previous study
examined alveolar bone distances [32]; however, with the exception of the buccal alveolar
ridge, our results were consistent with those obtained by Zhou and Gou, who used the
same software as we did [32].

We detected significant inter-apex and inter-cusp changes in each tooth type after clear
aligner therapy, rejecting the second null hypothesis. Regarding the variation in inter-apex
widths, we found statistically significant changes, with higher mean values for canines and
premolars. The canines showed a lower increase than premolars, probably because the
canines have a stronger and longer root and are positioned at the curvature of the maxillary
arch; consequently, the canines may not receive adequate orthodontic force [44]. In the
literature, only one previous study analysed the inter-apex distances; however, the authors
described only the first intermolar apex widths with lower values than ours [32]. To date,
the current analysis is the first research evaluating the inter-apex widths from canines to
the second molars following a maxillary expansion treatment with clear aligners. Therefore,
we lack a basis for comparison with previous studies. However, as reported in our previous
study, clear aligners can improve both sagittal root positions and faciolingual inclinations
without a substantial root length loss [33].

Regarding inter-cusp distances, the increase was more effective in the maxillary pre-
molars. All increments were statistically significant; however, lower significant values
were detected for the second molars. In detail, we observed an average intercanine width
increase of 2.32 mm. In the literature, the mean increase in the intercanine diameter ranged
from 1 mm to 2.20 mm [44,45]. In the current study, the first and second interpremolar
distances grew by 3.44 mm and 3.14 mm, respectively. Most previous studies generally
reported lower expansion in the same areas [39,46]. The first intermolar distance increased
by 2.60 mm. This value was larger than that found by Zhou and Guo, who reported a
mean value of 1.47 mm using CBCT scans [32]. Other studies using digital models obtained
a mean amount of expansion similar to ours [38,44]. Conversely, Deregibus et al. found
a notable increase in molar widths [27]. Bucur et al. also observed a greater expansion
in the first intermolar distance (3.67 mm), likely because they combined aligners with
an interceptive myofunctional device [45]. In our study, the second intermolar distances
showed lower expansion (average 0.70 mm), likely due to the already proper positioning
of these teeth in most patients from the initiation of the treatment [38]. We emphasised that
only a few papers examined the second intermolar width and reported an average increase
ranging from 0.45 mm to 0.70 mm [38,44].

In our study, both inter-apex and inter-cusp widths differed significantly among teeth,
rejecting the third null hypothesis. Indeed, the premolars exhibited greater expansions at
both apex and cusp levels; in particular, at the end of the therapy, the first interpremolar
distances were significantly wider than the second intermolar ones. Therefore, the premo-
lars represented an area of the maxillary arch particularly susceptible to expansion therapy
with clear aligners. In fact, patients typically present an Omega-shaped arch with a collapse
of interpremolar widths prior to orthodontic therapy. These results of interpremolar cusp
distances corroborate those of previous papers [47,48]. D’Antò et al. also reported that the
premolar widths expanded more than other teeth, probably because premolars are located
in a straight area of the arch; however, those authors obtained lower expansion after the
first set of aligners (2.42 mm and 2.17 mm in the first and second premolar distances, re-
spectively) [46]. As reported in previous studies, we observed a larger expansion in the first
premolars compared to the second premolars [39,46]. In contrast, only two studies noted
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higher second interpremolar distances than the first interpremolar ones [38,44]. However,
the aforementioned studies referred only to inter-cusp measurements on digital models.

Moreover, in line with previous studies, we observed that the amount of expansion
progressively reduced from premolars to molars [44,46]. This could be related to anatomical
or biomechanical aspects. Indeed, more complex root anatomy, denser cortical bone, thicker
soft tissue of the cheeks, and more elevated occlusal load may undermine a complete
expansion in molar areas. Moreover, the efficiency of buccally directed force gradually
diminishes from mesial to distal regions, and the flexibility of the material is less adequate
in molar regions [12]. Therefore, the orthodontist might consider an overcorrection of
posterior widths during virtual setups in order to limit midcourse corrections or refinement
requests [49]. In addition, the planning of updated attachments in maxillary molars may
contribute to posterior expansion [50]. The intermolar expansion is predictable up to
2 mm per quadrant, whereas, in cases of greater expansions, elastics or auxiliaries could be
required [51]. Additionally, a considerable expansion of up to 3 mm per quadrant should be
planned cautiously in order to prevent gingival recession, dehiscence, and fenestration [52].

As reported above, previous studies analysed the effectiveness of clear aligners in
managing maxillary constriction among adults [26,47]. However, none of those papers eval-
uated the overall 3D transverse changes in maxillary arch widths. Moreover, a comparison
with those papers was complicated since the studies differed in the material used, the study
design, the sample size, and the number of additional aligners [22]. For instance, the studies
differed in reference points, especially at the gingival level. Indeed, the measurement of the
transverse gingival width should not be regarded as a reliable technique: during virtual
setup, the software automatically removes the gum from the digital model and randomly
repositions it without any specific criteria [23,38].

The present study was conducted using CBCTs. To date, merely one prior study
utilised the 3D images [32]. Compared to the analysis proposed by Zhou and Gou [32], we
included more dental measurements extending from canines to second molars in a larger
sample size. We found a broader expansion in both buccal and palatal ridges as well as a
larger first intermolar width.

In addition, it should be emphasised that several factors are involved in orthodontic
treatment with aligners, thus leading to different findings among papers. Firstly, the
dental movements during clear aligner therapy are related to biomechanical factors, such
as the attachments and their design or the auxiliaries [53,54]. The use of elastics could
assist or accelerate the correction of posterior crossbites [43]. Secondly, the practitioner’s
experience influences the result of the treatment. In fact, an experienced clinician can plan
an overcorrection of dental movements or choose more effective expansion features. In
our study, a single orthodontist with extensive competence in clear aligners planned and
validated the virtual setups, thus eliminating the variability associated with the setups
performed by different clinicians [55]. Lastly, the effectiveness of orthodontic force depends
on tooth size and dimension.

Moreover, our participants switched aligners every two weeks, which enhanced the
precision of the intended orthodontic movements. Al-Nadawi et al. observed statistically
more accurate movements in posterior teeth in 14-day protocols than in 7- or 10-day
regimens [56]. Similarly, O’Connor et al. noted a greater clinical expression of maxillary
buccal expansion following a 14-day change approach [57].

None of our patients underwent CBCT scans solely for the study’s purposes. Moreover,
we selected a low-dose protocol to minimise radiogenic exposure. We used a CBCT with an
effective dose of 35 µm allowing a more precise evaluation than 2D techniques [34]. Indeed,
CBCT is useful for estimating tooth torque, root position relative to cortical plates, and alve-
olar bone width as well as for assessing skeletal growth patterns or upper airways [58,59].
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Therefore, low-dose CBCT scans surpass the limitations of conventional X-rays, permitting
better images without structural overlaps, a shorter scan time, and, consequently, lower
radiation doses [60]. This decreased scan time can also reduce the potential artefacts caused
by possible patient movements [61].

The present study exhibited some limitations. We considered aligners produced by a
single manufacturer. Aligners made of diverse materials could display distinctive biome-
chanical properties and, consequently, different expansion rates [62]. We regarded only
the buccal cusps; consequently, we did not examine any dental rotations. We overlooked
potential differences between sexes or among ages. Particularly, gender could affect dental
movements [63]. Moreover, we did not classify the patients according to the requested
expansion amount or the complexity of the initial transverse malocclusion. Lastly, we did
not assess the effect of transverse expansion in the sagittal direction.

Our 3D study demonstrated the effectiveness of the aligners in maxillary expansion.
In fact, we provided a complete analysis of maxillary dentoalveolar expansion, obtaining
larger transverse distances of both the alveolar bone and dental arch at the end of clear
aligner therapy. Moreover, the extent of expansion achieved was significantly related to
tooth position. The premolars showed the greatest transverse increases.

Future works, especially with a prospective design, could confirm or even improve
our results thanks to advances and new features that will be developed in the coming years.
Furthermore, future papers could encompass a follow-up period to better understand
whether the outcomes achieved by clear aligners remain stable over time.

5. Conclusions
In the current 3D study, clear aligners were effective in promoting maxillary dentoalve-

olar expansion.

• We obtained a significant increase in maxillary alveolar bone width, particularly in the
buccal and palatal alveolar ridges.

• We observed an efficient transverse expansion at both apex and cusp levels from
canines to second molars.

• The inter-apex and inter-cusp widths achieved at the end of therapy differed signif-
icantly in relation to tooth position. The interpremolar widths exhibited the most
notable increase and the most effective variation in treatment response.

Therefore, non-growing subjects with a proper bone base proportion who seek aes-
thetic orthodontic treatment may satisfactorily undergo a maxillary expansion with aligners.
Orthodontists should regard clear aligners as a dependable approach to achieving maxillary
dentoalveolar expansion, especially when detecting a collapse in premolar areas.
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