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Comparison between clear aligners and 2 3 4 mechanics in the mixed

dentition: a randomized clinical trial

Vinicius Merino da Silvaa; Priscila Vaz Ayubb; Camila Massaroc; Guilherme Jansond;
Daniela Garibe

ABSTRACT
Objectives: To compare the efficacy and efficiency between clear aligners and 2 3 4 fixed
appliances for correcting maxillary incisor position irregularities in the mixed dentition.
Materials and Methods: The sample comprised 32 patients from 7 to 11 years of age randomly
allocated into two parallel treatment groups: the clear aligners group, 14 patients (6 girls, 8 boys)
with a mean initial age of 9.33 years (standard deviation [SD] ¼ 1.01) treated with clear aligners;
and the fixed appliances group, 13 patients (9 girls, 4 boys) with a mean initial age of 9.65 years
(SD ¼ 0.80) treated with partial (2 3 4) fixed appliances. Digital models were acquired before
treatment and after appliance removal. Primary outcomes were incisor irregularity index and
treatment time. Secondary outcomes were arch width, perimeter, length, size and shape, incisor
leveling, incisor mesiodistal angulation, plaque index, and white spot lesion formation (International
Caries Detection and Assessment System index). Intergroup comparisons were evaluated using t-
tests or Mann-Whitney U-tests with Holm-Bonferroni correction (P , .05).
Results: Treatment time was approximately 8 months in both groups. No intergroup differences
were observed for changes in any of the variables. Similar posttreatment arch shapes were
observed in both groups.
Conclusions: Clear aligners and 2 3 4 mechanics displayed similar efficacy and efficiency for
maxillary incisor position corrections in the mixed dentition. The choice of appliance should be
guided by clinician and family preference. (Angle Orthod. 2022;93:3–10.)
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INTRODUCTION

Prevalence of malocclusion in the mixed dentition

can range from 39% to 93%, depending on sex, ethnic

group, age, and type of malocclusion.1,2 Dental

crowding, interdental spacing, and increased overjet

are commonly associated with appearance dissatis-

faction and negatively affect a child’s oral health–

related quality of life.3,4

Simplified ‘‘two by four’’ (2 3 4) orthodontic mechan-

ics with brackets bonded to the four permanent incisors

and tubes or bands placed on the two first permanent

molars5 is especially indicated to resolve maxillary and

mandibular incisor crowding in the mixed dentition.5,6

Currently, clear aligners are an option for resolving

incisor crowding during the mixed dentition. Previous

studies have shown that aligners were adequate for

the correction of anterior crowding in the permanent

and mixed dentition, with predictability rates of 48.7%

to 61.1%.7–11 There is agreement among recent studies

that the evidence reporting on clear aligners in children
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remains scarce, indicating that more clinical trials are
still needed.9–11

Previous studies recommended clear aligner use
during the mixed dentition only for mild to moderate
malocclusions.9–11 Applicability for treating anterior
crowding in children is still questionable because of
the high dependence of clear aligner success on
compliance. No previous studies have compared the
treatment outcomes between clear aligners and 2 3 4
mechanics in the mixed dentition. The purpose of this
study was to evaluate and compare the efficacy and
efficiency between fixed appliances and clear aligners
for resolving maxillary incisor irregularity in the mixed
dentition. The null hypothesis was that both orthodontic
appliances would have similar outcomes.

MATERIALS AND METHODS

Data Collection

The present study was a single-center, randomized
clinical trial with two parallel arms in a 1:1 allocation
ratio. The protocol of this study followed the Consol-
idated Standards of Reporting Trials12 and was
registered in the Registro Brasileiro de Ensaios
Clinicos (Brazilian Register Center of Clinical Trials)
under the RBR-9kvw9t identification. Ethical approval
was obtained from the Research Institutional Board of
Bauru Dental School, University of São Paulo (process
number 14962119.2.0000.5417) before trial com-
mencement.

This study was conducted from 2019 to 2020, and
recruitment occurred at the Orthodontic Clinic of Bauru
Dental School, University of São Paulo. The eligibility
criteria included patients of both sexes from 7 to 11
years of age, in the mixed dentition with permanent
incisors and first molars completely erupted, and with
Little’s Irregularity Index in the maxillary arch of at least
3 mm. Patients with incisor agenesis, white spot
lesions, cleft lip and palate, and syndromes were
excluded. Participants who met the eligibility criteria
were invited to participate, and informed consent was
obtained from all volunteers and legal guardians.

Interventions

The patients treated with clear aligners were
allocated to the clear aligner group (CA). Pretreatment
maxillary dental models were scanned using a 3Shape
Scanner (3Shape A/S, Copenhagen, Denmark) and
prepared for digital setup. Digital setup was performed
using MAESTRO3D (AGE Solutions, Pisa, Italy) by the
same operator (Dr Merino da Silva). The software
automatically generated the number of aligners nec-
essary to reach the final predictive model considering a
maximum change of 0.1 mm per aligner for mesial or

distal, buccal or lingual, and intrusion or extrusion
movements and a maximum of two degrees for
rotation, tip, and torque movements. An overcorrection
of 20% for each movement was applied. Attachments
were planned for all movements except in the buccal
direction. Attachment architecture was standardized
with a 0.8-mm depth through the MAESTRO3D
software with a triangular format, positioning the ramp
to guide the movements. In regions with recent
deciduous molar exfoliation, a negative space was
digitally created to allow for premolar eruption without
interfering with retention of the appliance. The digital
models generated by the software were printed using a
Moonray S100 3D printer (Sprintray, Los Angeles,
Calif). Clear aligners were fabricated using a 0.75-mm
biocompatible thermoplastic transparent sheet com-
posed of PET-G (Bio-art, São Carlos, Brazil) using a
vacuum-forming machine (Bio-art). The aligners were
replaced every 15 days, and patients were instructed
to wear the clear aligners 20 h/d.13 Orthodontic
appointments were scheduled every month.

The patients treated with fixed appliances were
assigned to the fixed appliance group (FA) using ‘‘two
by four’’ (2 3 4) mechanics in the maxillary arch.
Preadjusted metal brackets (Morelli, São Paulo, Brazil)
were bonded to all permanent incisors, and orthodontic
buccal tubes were bonded to the maxillary permanent
first molars. On the maxillary lateral incisors, the right
and left brackets were switched to maintain the natural
distal angulation observed in the mixed dentition
phase. The arch wire sequence was 0.014 and
0.016-inch nickel-titanium and 0.016, 0.018, and
0.020-inch stainless steel. Oral hygiene and dietary
instructions were provided to both groups.

All patients from both groups received 7 mm of rapid
maxillary expansion before treatment (T1) because of
the presence of unilateral/bilateral posterior crossbites.
T1 dental models were taken 6 months after RME
when the expander was removed. Clear aligners/2 3 4
mechanics started immediately after T1. Digital dental
models were obtained at T1 and after appliance
removal (T2). All digital dental models were saved in
.stl file format.

Evaluations

Blinding was not possible because the operator and
patients were aware of the type of appliance used in
each case. Outcome assessment was blinded. The
primary outcomes were maxillary incisor irregularity
index and treatment time. Secondary outcomes includ-
ed arch width, perimeter, length, size and shape,
incisor leveling (incisor step), incisor mesiodistal
angulation, plaque index, and International Caries
Detection and Assessment System (ICDAS) index.
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The incisor irregularity index and arch width,

perimeter, and length were measured with OrthoAna-

lyzer software (3Shape A/S, Copenhagen, Denmark)

(Figure 1). Maxillary dental arch size and shape were

assessed using Stratovan Checkpoint (Stratovan

Corporation, Davis, Calif) and MorphoJ (Klingenberg

Lab, Manchester, UK) software. A total of 14 land-

marks on the occlusal surface of the maxillary teeth

were used to access arch measurements on the T1

and T2 digital dental models (Figure 1D).14,15 Maxillary

incisor leveling and mesiodistal angulation were

assessed using 3DSlicer software (www.slicer.org)

(Figure 2).

The labial surfaces of the maxillary incisors were

assessed for noncavitated carious lesions (white spot

lesions) using the ICDAS index. Plaque index was

assessed using color-based plaque staining.

Sample Size Calculation

The maxillary incisor irregularity index was selected

for sample size calculation. Considering a test power of

80%, an a of 5%, a standard deviation (SD) of 2.6 mm

from a preliminary group of the first five patients, and a

minimum difference to be detected of 3 mm, a

minimum sample of 13 patients in each group was

required. Considering 20% of dropouts, 32 patients

were randomly assigned.

Randomization

Stratified block randomization16 was performed

considering the ascending order of maxillary incisor

irregularity index at T1. In pairs, with a 1:1 proportion, a

coin-tossing method randomly assigned the patients to

the different sample groups.

Figure 1. Assessment of maxillary arch dimension. (A) Arch width was measured at the level of the cusp tips of the first permanent molars. (B)

Arch perimeter was the sum of the four segments from the mesial aspect of the right first permanent molar to the mesial aspect of the contralateral

tooth. (C) Arch length was measured on the horizontal plane from the mesial aspect of the first permanent molars to the mesial edge of the right

permanent incisor. (D) A total of 14 landmarks were selected on the cusp tips and incisal edges of the maxillary teeth to provide raw coordinates to

evaluate dental arch shape and size. The dental arch size was automatically calculated using the centroid size method in the MorphoJ software

(the square root of the sum of the squared distances between the arch centroid to all landmarks).

Figure 2. Analyses using the vertical plane (occlusal plane) as a reference. (A) Incisor leveling (incisor step) was measured as the distance

between the most incisal point of the lateral incisal edge to the same point on the central incisor on each side (right and left); aþ0.5-mm step is

indicative of an adequate relationship between the central and lateral incisors. (B) Incisor mesiodistal angulation was calculated using a frontal

image of each patient’s digital casts oriented parallel to the occlusal plane; the angle was measured using the center point of the clinical crown on

the central and lateral incisors. A positive sign indicates a mesial tip.
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Statistical Analysis

All measurements were performed by the same
observer (Dr Merino da Silva). Of the sample, 50% was
reevaluated after a minimum 15-day interval. The
intraexaminer error was assessed using intraclass
correlation coefficients (ICCs).17 Reproducibility of the
ICDAS index was evaluated using a j score.

Intergroup initial age and sex ratio at baseline were
analyzed using tests t-tests and v2 tests, respectively.
Normal distribution was assessed using Shapiro-Wilk
tests. Intergroup comparisons were evaluated with t-
tests or Mann-Whitney U-tests with Holm-Bonferroni
correction. The significance level was 5%. All statis-
tical analyses were performed using SigmaPlot for
Windows version 12.0 (Systat Software Inc., Chicago,
Ill).

RESULTS

A total of 48 volunteers were evaluated for partici-
pation; 14 did not meet the inclusion criteria, and two
declined to participate (Figure 3). A total of 32 patients

were enrolled at the study commencement. During

follow-up, two patients from CA and three from FA

terminated treatment because of the coronavirus

pandemic. A total of 27 patients completed treatment

and were included in the analyses (Figure 3).

Baseline characteristics were similar in both groups

(Table 1). All variables showed normal distribution

except arch width and incisor step.

CA comprised 14 patients (6 girls, 8 boys) with a

mean age of 9.33 years (SD¼ 1.01). FA comprised 13

patients (9 girls, 4 boys) with a mean initial age of 9.65

years (SD ¼ 0.80).

Measurement error evaluation showed good intra-

examiner reproducibility for all variables, with ICCs

varying from 0.75 to 0.9.18 The j score for the ICDAS

index was strong (�0.9).

All changes from T1 to T2 showed normal distribu-

tion except incisor step and lateral incisor angulation

(Table 2). No significant intergroup difference was

found for any of the changes in the variables assessed

in the study (Table 2 and Figure 4).

Figure 3. Participant flowchart.
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Table 1. Intergroup Comparisons at Baselinea

Variables

CA (n ¼ 14) FA (n ¼ 13)

P ValueMean (SD), n (%), or Median (Q1/Q3) Mean (SD), n (%), or Median (Q1/Q3)

Initial age, y 9.33 (1.01) 9.65 (0.80) .322b

Male 6 (42.8%) 9 (69.2%) .981c

Female 8 (57.1%) 4 (30.7%)

Little Irregularity Index 8.29 (2.73) 8.52 (2.73) .830b

Arch width 51.90 (50.20/52.70) 51.63 (49.81/53.86) 1.000d

Arch perimeter 78.38 (4.03) 77.55 (3.46) .569b

Arch length 29.84 (2.64) 29.15 (1.35) .408b

Arch size 87.10 (3.82) 87.60 (4.30) .782b

Central incisor angulation 0.20 (3.64) 0.32 (3.16) .926b

Lateral incisor angulation �7.22 (5.11) �8.32 (6.66) .637b

Right incisor step 1.55 (0.98) 1.07 (0.7) .154b

Left incisor step 1.37 (0.82/2.14) 0.57 (0.30/1.66) .216d

Plaque index (%) 12.50 (0.00/50.00) 50.00 (25.00/100.00) .057d

ICDAS 0.00 (0.00/0.00) 0.00 (0.00/0.00) 1.000d

a Q1 indicates first quartile; Q3, third quartile. P , .05.
b t-test.
c v2 test.
d Mann-Whitney U-test.

Table 2. Intergroup Comparisons for Treatment Changesa

Variables

CA (n ¼ 14) FA (n ¼ 13)

P Value Holm-Bonferroni (P Value)Mean (SD) or Median (Q1/Q3) Mean (SD) or Median (Q1/Q3)

Treatment time (months) 8.00 (2.90) 8.69 (2.65) .525b .010

Little Irregularity Index (mm) �5.84 (2.92) �5.15 (2.75) .536b .016

Arch width (mm) 0.20 (0.7) 0.98 (1.19) .048b .005

Arch perimeter (mm) �1.44 (1.35) �2.21 (1.65) .196b .007

Arch length (mm) 0.03 (0.93) �1.18 (1.16) .006b .004

Arch size (mm) 0.01 (1.74) 0.12 (1.28) .865b .025

Central incisor angulation (8) 0.26 (3.45) 0.04 (3.62) .873b .050

Lateral incisor angulation (8) 2.85 (0.84/7.49) �0.67 (�2.79/0.93) .027c .004

Right incisor step (mm) �0.65 (0.04/1.22) �0.20 (�0.40/1.09) .157c .006

Left incisor step (mm) �0.55 (0.07/0.99) 0.02 (�0.24/1.03) .297c .008

Plaque index (%) 17.85 (31.66) �10.00 (44.11) .063b .005

ICDAS 0.00 (0.00/0.50) 0.00 (0.00/0.50) .531c .012

a P , .05; Holm-Bonferroni correction was applied.
b t-test.
c Mann-Whitney U-test.

Figure 4. Superimpositions of maxillary dental arch shape before and after treatment. (A) Pretreatment maxillary dental arch in CA (gray line) and

in FA (black line). (B) Posttreatment maxillary dental arch in CA (gray line) and in FA (black line).

Angle Orthodontist, Vol 93, No 1, 2023

CLEAR ALIGNERS IN THE MIXED DENTITION 7

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



DISCUSSION

Previous studies have compared fixed orthodontic
appliances with clear aligners in the permanent
dentition with conflicting results regarding effective-
ness, predictability of movement, and treatment
time.19–22 In the current study, baseline comparisons
confirmed the homogeneity of the sample, reducing
the risk of bias for intergroup comparisons (Table 1).23

The initial irregularity index of the maxillary anterior
teeth of both groups was moderate to severe. Previous
studies considered an incisor irregularity index greater
than 5 as severe incisor irregularity.24,25 Both clear
aligners and 2 3 4 mechanics produced a decrease of
5 mm in the maxillary incisor irregularity index; the
efficacy of both appliances was similar. A previous
study comparing clear aligners and comprehensive
fixed appliances in the permanent dentition also
reported that both were adequate to correct slight to
moderate crowding.8

Treatment time for resolving the maxillary incisor
crowding was similar with both appliances (Table 2).
The 2 3 4 fixed appliances used five different arch
wires with monthly changes. Some were maintained
more than 1 month for severe incisor rotations, and, in
addition, bracket failures occurred in all 14 patients.
Previous studies reported a treatment time for 2 3 4
fixed appliances from 5 to 13 months.26–28 In contrast to
the findings of the current study, a recent study
reported that treatment with clear aligners took 4.8
months longer than fixed appliances to obtain the
same quality of results in adult patients.29

In CA, a mean of 10 aligners in the treatment phase
and 6 aligners in the refinement phase was planned.
Considering that the aligners were replaced every 15
days, a treatment time close to 8 months was expected.
The movement most commonly needed during refine-
ment was rotation. Some previous studies also showed
similarity in treatment times between clear aligners and
fixed appliances in the permanent dentition.19,22 Con-
versely, other studies demonstrated shorter treatment
times for clear aligners20 and for fixed appliances.21

To provide a visual representation of the treatment
changes in the dental arch shape, an evaluation based
on the centroid size and location was performed.14,30,31

Slight changes were noticed for the secondary outcomes
in both groups without intergroup differences (Table 2).
The arch perimeter decrease in both groups might have
been attributed to natural changes in the late mixed
dentition, such as mesial movement of the maxillary
molars into the Leeway space.32 Previous studies in
adults showed that clear aligners can increase arch
width in cases with mild to moderate crowding.10,11,33,34

The distal angulation of the maxillary lateral incisors
was maintained in FA, whereas a slight mesial tip was

observed in CA. The better control of lateral incisor
angulation with fixed 2 3 4 mechanics was probably
attributed to passive bonding of the lateral incisor
brackets. In contrast, clear aligners increased mesial
angulation of the lateral incisors during treatment.
Previous studies demonstrated that aligners were not
able to control undesired dental inclination throughout
treatment, showing that fixed appliances are better
indicated for root control.34,35

Steps between the incisal edges of the central and
lateral maxillary incisors are recommended for ade-
quate smile esthetics.36 Both groups had a final (T2)
mean step of 0.79 mm between the central and lateral
incisors in agreement with previous studies.36 Extru-
sion and intrusion are difficult movements to achieve
with clear aligners. Previous studies reported true
extrusion/intrusion ranging from 0.72 to 1.50 mm with
aligners, which should have been enough in the mixed
dentition for adequate leveling of the maxillary in-
cisiors.8,37,38

Previous studies showed that adolescents demon-
strated greater compliance rates with oral hygiene
when treated with clear aligners.39 Despite hygiene
guidance and adequate follow-up, white spot lesions
were observed in both groups after treatment. The
increase in white spot lesions in both groups was in
agreement with a previous study in adult patients
showing that both fixed and removable appliances
were capable of causing white spot lesions.40

Considering the similarities in the primary and
secondary outcomes found between clear aligners
and 2 3 4 fixed appliances in this study, appliance
choice should be guided by clinician and family
preferences.

CONCLUSIONS

� Clear aligners and fixed 2 3 4 mechanics showed
similar efficacy and efficiency for the correction of
maxillary incisor crowding in the mixed dentition.

� Both appliances showed similar dental plaque
index and white spot lesion incidence during
treatment.
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