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Abstract

AIM: To compare the effectiveness of rapid maxillary expanders (RMEs), slow maxil-

lary expanders (SMEs), and clear aligners (CAs) for maxillary expansion in children,

including an evaluation of natural growth in untreated control groups.

METHODS: A systematic literature search was conducted on PubMed, limited to pub-

lications within the past 20 years, adhering to PRISMA guidelines. The search focused

on maxillary expansion treatments utilising RMEs, SMEs, and CAs in paediatric pa-

tients. Following the removal of duplicate entries and application of predefined inclusion

and exclusion criteria, 14 studies were selected for final analysis. The primary outcome

parameters assessed were the anterior and posterior transverse differences of maxillary

dentoalveolar expansion.

RESULTS: RME, SME, and CA demonstrated anterior and posterior maxillary expan-

sion, achieving greater expansion than untreated controls. Reported mean differences

ranged as follows: RME: 3.0–5.8 mm/2.7–6.6 mm; SME: 2.2–5.4 mm/2.2–6.7 mm; CA:

1.9–3.7 mm/2.0–3.2 mm; control: 0.1–0.9 mm/0.3–0.5 mm. Posterior maxillary expan-

sion was significantly greater in the CA group compared with the other intervention

groups. While RME and SME showed superior posterior expansion, CA achieved com-

parable anterior expansion, potentially attributable to the relatively inflexible central

section of the aligners.

CONCLUSION: RME, SME, and CA facilitated greater transverse maxillary devel-

opment than natural growth. These findings support the clinical application of non-

surgical expansion appliances during growth phases to enhance transverse maxillary

dimensions, offering clinicians a range of options for paediatric maxillary expansion.

* * *
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1 Introduction

Maxillary expansion has been performed for over a century and is widely used to correct

maxillary constriction and arch length deficiency (McNamara, 2000). It is often considered

the primary treatment approach during the mixed dentition period, when skeletal structures

are still responsive to orthopaedic forces. According to the classic growth curve chart (Proffit

et al., 2020), the growth rate of the maxilla begins to decline gradually after the eruption of

permanent teeth in the early mixed dentition period. In contrast, the mandible’s growth rate

peaks during puberty or the late permanent dentition stage. This developmental pattern

suggests that the ideal initial timing for maxillary expansion is during the early mixed

dentition and should be completed before the late stages of pubertal growth, in order to

maximise the skeletal effects before maxillary growth diminishes and help create a more

favourable environment for guiding mandibular growth (Ugolini et al., 2024; Kluemper et

al., 2001; Hass, 1961).

Traditionally, maxillary expansion has been accomplished using various appliances. Max-

illary expanders are classified according to their activation protocols into rapid maxillary

expanders (RME) and slow maxillary expanders (SME) (Jibin et al., 2021). RME typically

involves daily activation of 0.2–0.5 mm per day, aiming to rapidly separate the midpalatal

suture and induce skeletal expansion. In contrast, SME is activated more gradually, with

adjustments of 0.5–1 mm per week, applying lighter and more physiologic forces. Each

modality presents its own advantages and disadvantages. RME offers a shorter treatment

duration and can open the midpalatal suture, providing significant skeletal changes (Hass,

1961; Lagravère et al., 2005). However, it is limited in its ability to rotate teeth, has poten-

tial to cause undesired tipping of the anchoring teeth, and is associated with more pain and

discomfort (Godoy et al., 2011; Barone et al., 2023). On the other hand, SME leads to more

stable outcomes with less buccal crown tipping of the anchoring teeth (Rutili et al., 2021),

but it requires a longer treatment period and may be limited in tooth rotation capabilities.

In terms of appliance removability, both RME and SME can be either removable or fixed.

Fixed expanders can be anchored to both teeth and palatal tissue (tooth-tissue borne), or

solely to teeth (tooth-borne) (Baccetti et al., 2001).

More recently, the use of clear aligners (CA) has been proposed as an alternative for

achieving arch expansion, especially during early mixed dentition (Levering et al., 2021).

CAs are typically activated with a maximum of 0.25 mm of movement per week, similar

to SME protocols, and focus mainly on dentoalveolar changes. CAs, such as Invisalign®

First, are designed as removable appliances that allow sequential and controlled expansion

while maintaining better oral hygiene (Levering et al., 2021). Additionally, they offer unique

advantages, including less pain and discomfort compared to traditional expanders, and the

ability to rotate teeth with 1◦ of rotational movement per aligner change during arch expan-

sion (Rossini et al., 2015). However, CA requires the longest treatment time among the three

types of expanders, and the outcomes may be influenced by multiple factors, such as pa-

tient compliance and the complexity of the case (Rossini et al., 2015; Levering et al., 2024).

Recent retrospective and systematic studies have evaluated the predictability of occlusal

and transverse arch changes achieved with CA (Bowman et al., 2023; D’Antò et al., 2023).

The findings suggest that, while aligners can effectively produce transverse dentoalveolar

expansion, skeletal changes are minimal, and variations in individual treatment response,

software prediction accuracy, and patient adherence remain significant influencing factors.

Given the variety of maxillary expansion apparatuses available, the evaluation of clini-

cally significant transverse expansion achieved with respective expanders, i.e., RMEs, SMEs,
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and CAs, in the mixed or early permanent dentition period is warranted. The common

assessment of maxillary expansion effectiveness can be classified as (i) skeletal or (ii) den-

toalveolar changes, before and after treatment (Villa-Obando et al., 2024). The first involves

measuring the midpalatal suture width, maxillary bone width, or nasal cavity width; the

second entails measuring the changes in inter-distance between specific landmarks in the

maxillary dentition. Currently, clinical tools used to evaluate the effectiveness of maxillary

expansion in children and adolescent patients include dental impressions for cast models,

oral scanning for digital models, posteroanterior cephalometric radiographs, and cone-beam

computed tomography (CBCT). To routinely monitor the effectiveness of maxillary ex-

pansion while minimising radiation exposure during treatment, clinicians commonly assess

dentoalveolar changes using dental cast models or oral digital scans (Pinheiro et al., 2014;

Lu et al., 2023). However, some clinicians choose CBCT for evaluation of both skeletal and

dentoalveolar changes (Luiz et al., 2020; Abate et al., 2023).

A systematic review by Zhou et al. (2014) compared the expansion effectiveness of RME

and SME and suggested that, while both expanders were effective for maxillary expansion,

SME was superior in expanding the molar region compared to RME. Recently, the treatment

effectiveness of CA was also systematically reviewed and compared mainly to conventional

edgewise braces in adult patients (Bhagwan et al., 2025). Although RME, SME, and CA

have all been utilised for transverse maxillary expansion, no comprehensive analysis currently

exists to evaluate and compare the relative clinical effectiveness of CA against RME and

SME, particularly during the critical growth period of mixed or early permanent dentition.

Therefore, this study aims to address this gap and provide clinicians with more informed

guidance in selecting the most appropriate and tailored treatment for individual patient

needs.

This study aimed to systematically evaluate and compare the effectiveness of various

maxillary expansion devices, including rapid maxillary expanders (RME), slow maxillary

expanders (SME), and clear aligners (CA), in achieving transverse maxillary expansion. By

analyzing clinical outcomes measured through common assessment tools such as cast models,

digital models, and CBCT imaging, the study sought to quantify the dimensional changes

in the maxillary dentition and alveolar bone before and after treatment. Furthermore, it

aimed to synthesize evidence from control groups to contextualize the treatment effects and

identify the most effective modality for maxillary expansion.

2 Methods

2.1 Search strategy

The National Library of Medicine database (MEDLINE via PubMed) was utilised to retrieve

articles published up to December 2024, with the search restricted to studies involving hu-

man subjects. Selection of articles for this thesis followed the Population, Intervention,

Comparison, and Outcomes (PICO) framework. The population consisted of children or

adolescents requiring maxillary expansion during the mixed or early permanent dentition

phases. The intervention involved the use of maxillary expanders intended to achieve max-

illary arch expansion. Comparisons were drawn between different types of maxillary ex-

panders, including rapid maxillary expansion (RME), slow maxillary expansion (SME), and

clear aligners (CA), as well as groups without any maxillary expansion treatment, serving

as controls. Outcomes were measured as dentoalveolar transverse changes, specifically in

inter-primary canine, inter-first premolar, and inter-first molar widths.
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A comprehensive literature search was conducted to identify studies examining maxil-

lary expansion in mixed dentition, focusing on three treatment modalities: RME, SME, and

CA (e.g., Invisalign). The search strategy incorporated keywords such as maxillary expan-

sion”, dental arch expansion”, maxillary arch expansion”, rapid maxillary expander”, rapid

maxillary expansion”, slow maxillary expander”, slow maxillary expansion”, clear aligner”,

Invisalign system”, and mixed dentition”. Boolean operators AND” and OR” were em-

ployed in various combinations to optimise search sensitivity and specificity. The search was

limited to studies published between 2005 and 2024.

2.2 Eligibility criteria

Eligible studies for inclusion were those that conducted linear measurements of the maxil-

lary transversal distance between intra-arch teeth and evaluated the clinical implications of

these transversal changes. The focus was on research involving patients in the mixed den-

tition or early permanent dentition stages. Acceptable study designs included retrospective

cohort studies, prospective cohort studies, or randomized clinical trials that compared the

effectiveness of expansion among rapid maxillary expansion (RME), slow maxillary expan-

sion (SME), and clear aligners (CA). Additionally, only articles available in full-text and

published in English were considered.

Studies were excluded if they failed to clearly specify the type of orthodontic appli-

ances used or the expansion protocols employed during treatment. Research incorporating

auxiliary interventions such as mini-screws, facemasks, or headgear during the arch expan-

sion phase was also omitted. Systematic reviews, meta-analyses, and case reports did not

meet the inclusion criteria. Furthermore, investigations involving patients with concurrent

periodontal, dental, or systemic conditions influencing tooth movement, as well as those

with orofacial malformations or syndromes, were excluded to ensure the homogeneity of the

sample population.

A total of 352 articles were initially retrieved from the database. After preliminary

filtering, 277 articles were selected for full-text screening and evaluation against the inclusion

and exclusion criteria. As shown in Figure 1, studies were first identified through a filtered

search, and several yielded hits were deemed ineligible due to duplication or failure to meet

the inclusion criteria. A total of 56 studies were then selected for eligibility assessment using

exclusion criteria. Of these studies, three articles were excluded due to unclear expansion

protocols; ten articles were excluded owing to the use of mini-screws, facemasks, or headgear;

19 articles were excluded based on the publication type, including systematic reviews, meta-

analyses, or case reports; ten articles were excluded because the study population involved

orofacial malformations such as cleft palate or Down’s syndrome. A final selection of 14

articles was obtained.

2.3 Statistics

Descriptive statistics, frequency analysis, and content analysis were employed as part of

the qualitative methodology to systematically analyze the textual content of the included

studies. It is important to note that, given the narrative nature of this study, regression

analysis and meta-analysis techniques were not deemed suitable for the analytical framework.
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Figure 1. Flow chart of the study selection process.

3 Results

After full-text evaluation for eligibility, a total of 14 studies that met the inclusion and

exclusion criteria were selected for analysis and discussion. The study type, sample size,

data source, expander types, control groups, and reference points of the selected studies are

summarised in Table 1.

Table 1. Characteristics of the included studies.
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Seven of the selected studies were randomized clinical trials, six were retrospective stud-

ies, and one was a prospective study. The included studies had sample sizes ranging from

26 to 120, comprising a total of 700 patients for analysis. With regard to the types of in-

terventional appliances, nine studies compared rapid maxillary expansion (RME) with slow

maxillary expansion (SME), of which only one included a control group without any expan-

sion treatment; three studies compared SME with clear aligners (CA), two of which included

a control group; two studies compared RME with CA, one of which included a control group.

Regarding the data sources for study analysis, six studies utilised cone-beam computed to-

mography (CBCT) in the coronal view, seven studies used scanned digital models, and one

study employed impression dental casts. For each study, measurements of maxillary trans-

verse distances were collected from the intervention groups (RME, SME, or CA) before (T1)

and after treatment (T2); similarly, measurements from the control groups were recorded

at the start (T1) and after the observation period (T2), with the duration of observation

matched to the treatment time of the intervention groups. Following either maxillary expan-

sion treatment or natural growth observation, the differences between T1 and T2 (T2 − T1)

were calculated and analysed within groups (intragroup comparison) and between groups

(intergroup comparison) in the respective studies.

Additionally, with regard to the installation methods of maxillary expanders used in

the selected studies, the majority utilised bonded-type expanders, while a few employed

removable-type expanders. Specifically, 11 studies used RME or SME appliances with metal

bands bonded at the primary second molars or permanent first molars, and extensions reach-

ing the primary first molars, permanent first premolars, or primary canines. Two studies

(Martina et al., 2012; Wang et al., 2023) used two-band palatal expanders in which metal

bands were placed only at permanent first molars without any extending arms. According

to current product descriptions available on the market, the CA used in these five studies

(Bruni et al., 2024; Lu et al., 2023; Moravedje et al., 2024; Pamukçu et al., 2024; Wang et

al., 2023) are considered removable appliances. Pamukçu et al. (2022) and Rabah et al.

(2022) utilised removable SME appliances equipped with posterior bite planes and a mid-

line split, incorporating a single expansion screw to achieve transverse maxillary expansion.

Four studies included a control group without any maxillary expansion treatment. Three

of these four studies (Lu et al., 2023; Moravedje et al., 2024; Wang et al., 2023) observed

natural growth without any orthodontic intervention; one study (Pinheiro et al., 2014) did

not undergo maxillary expansion but received treatment with a fixed edgewise appliance,

which was also administered in the intervention groups of that study.

Cusp tips, central fossae, gingival margins, pulp chamber centres, or alveolar bone crests

served as primary landmarks in the selected studies to assess maxillary dentoalveolar trans-

verse changes following expansion treatment. All the studies measured posterior transverse

changes, while 11 out of 13 studies evaluated both anterior and posterior transverse dimen-

sions. In studies measuring anterior transverse dentoalveolar changes of the maxilla, the

upper primary canine was predominantly used as the reference point during the mixed den-

tition stage, whereas the upper first premolar was adopted in studies focusing on the early

permanent dentition stage.

In the studies involving mixed dentition, seven studies (Abate et al., 2023; Bruni et al.,

2024; Lu et al., 2023; Luiz et al., 2020; Moravedje et al., 2024; Pamukçu et al., 2024; Paoloni

et al., 2022) utilised the cusp tip of the upper primary canine as the anterior landmark;

one study (Wang et al., 2023) used the palatal gingival margin of the primary canine as the

reference point. In the studies of early permanent dentition, three studies (Montaruli et al.,

2022; Pinheiro et al., 2014; Rabah et al., 2022) employed different landmarks of the upper
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first premolars to assess anterior transverse dentoalveolar changes, including the cusp tip,

central fossa, and palatal gingival margin, respectively.

In this review, all selected studies used the upper first molars as the reference teeth for

evaluating posterior transverse maxillary width changes before and after expansion. With

regard to different cusp tips of the first molars, four studies (Bruni et al., 2024; Lu et

al., 2023; Pamukçu et al., 2022; Rabah et al., 2022) adopted the mesio-buccal cusp tip,

whereas three studies (Abate et al., 2023; Luiz et al., 2020; Wang et al., 2023) selected the

mesio-palatal cusp tip for measurement reference. For gingival landmarks on the upper first

molar, one study (Pinheiro et al., 2014) used the intersection of the palatal groove and the

gingival margin, while another (Wang et al., 2023) selected the lowest point of the mesio-

palatal gingival margin as the reference. In addition, three studies (Moravedje et al., 2024;

Montaruli et al., 2022; Paoloni et al., 2022) used the central fossa of the upper first molar

as the landmark, one study (Pereira et al., 2017) used the buccal alveolar bone crest at the

furcation, and one study (Serafin et al., 2022) identified the centre of the pulp chamber in

all three planes using CBCT imaging.

3.1 Intra-group comparison of transversal changes

Eleven of the 14 selected studies measured the maxillary anterior-transversal changes be-

tween primary canines or first premolars, depending on the mixed or early permanent denti-

tion. All 14 selected studies measured the maxillary posterior-transversal changes between

first molars. In most of the selected studies, the clinical significance of intragroup transver-

sal changes (T2–T1) was analysed, apart from Luiz et al. (2020), Paoloni et al. (2022), and

Rabah et al. (2022). Nevertheless, these three studies evaluated the clinical significance of

intergroup differences based on T2–T1 measurements.

In studies utilising the RME appliances, the mean age of participants ranged from 7.8

to 13.8 years. The pre-treatment anterior-transversal measurements (T1) ranged from 23.7

mm to 33.6 mm, while the mean difference after treatment (T2–T1) ranged from 3.0 mm

to 5.8 mm. Five of the eight selected studies provided the p value of the mean differences,

and all these studies confirmed their statistical significance (p < 0.05) (Table 2). For

the posterior-transversal changes, the means of maxillary transversal measurements (T1)

between first molars ranged from 31.8 to 53.1 mm at baseline; the post-treatment means of

differences (T2–T1) ranged from 2.7 to 6.6 mm. Eight of the 11 selected studies reported

the p value of mean inter-molar differences. All of them confirmed the statistical significance

of the differences (p < 0.05).

In the SME groups, 12 studies included participants with mean ages ranging from 7.8

to 14 years. The pre-treatment anterior-transversal measurements (T1) ranged from 23.0

mm to 34.5 mm, and the post-treatment mean differences (T2–T1) ranged from 2.2 mm

to 5.4 mm. A total of six studies analysed the p values, and all presented a significant

increase (p < 0.05) (Table 3). The initial mean of posterior-transversal measurements

(T1) between first molars ranged from 34.5 to 54.5 mm. The post-treatment measurements

of differences (T2–T1) ranged from 1.8 to 6.7 mm. The statistical significance of mean

inter-molar differences was analysed in nine studies, and all p values were below 0.05.

Five studies employing CA treatment reported patient mean ages between 8.5 and 8.9

years (Table 4), which is also the officially recommended time to start using Invisalign®

First. Before CA treatment, the mean maxillary transversal measurements at T1, between

the primary canines, ranged from 25.3 to 32.7mm; the post-treatment mean differences (T2−
T1) ranged from 1.9 to 3.7mm. All five studies confirmed statistically significant anterior
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Table 2. Dentoalveolar transversal changes of the rapid maxillary expansion groups.

Table 3. Dentoalveolar transversal changes of the slow maxillary expansion groups.
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transversal changes (p < 0.05). Regarding posterior transversal changes, the baseline (T1)

measurements ranged from 32.5 to 50.3mm, while the post-treatment differences (T2−T1)

ranged from 2.0 to 3.2mm. All five expansions were indicated as significant (p < 0.05).

Table 4. Dentoalveolar transversal changes of the clear aligner groups.

Four selected studies included a control group, with the mean patient age ranging from

8.4 to 13.0 years (Table 5). The mean anterior transversal measurements between primary

canines or first premolars before treatment (T1) ranged from 24.6 to 33.3mm; the mean post-

observation differences (T2 − T1) ranged from 0.1 to 0.9mm. Wang et al. (2023) was the

only study to report a statistically significant mean difference (0.54mm, p = 0.003); however,

the magnitude of this change was smaller than the mean difference of 0.9mm reported by

Pinheiro et al. (2014), who did not find it statistically significant (p = 0.11). Regarding

posterior transversal changes, the initial transverse dimensions in the four studies ranged

from 30.9 to 50.9mm, and mean differences ranged from 0.3 to 0.5mm. Among these, two

measurements reached statistical significance (Moravedje et al., 2024; Wang et al., 2023),

while the others did not.

Table 5. Dentoalveolar transversal changes of the control groups.

The studies reporting the smallest initial anterior-transversal measurements were Pin-

heiro et al. (2014) (RME, 23.7 mm) and Wang et al. (2023) (SME, 23.0 mm; CA, 25.3

mm). Wang et al. (2023) used the palatal gingival margin of either the primary canines or

the first premolars as the reference points. In the RME, SME, and CA groups, all studies

that analysed the mean differences (T2–T1) demonstrated statistically significant increases

in anterior-transversal width (all p < 0.05), indicating consistent dentoalveolar expansion

after treatment. In contrast, among the control groups included in four studies, the changes

in anterior-transversal measurements were minimal in all cases and did not reach statistical

significance in three. Only one study reported a statistically significant difference in the

control group, but the magnitude of change remained substantially smaller compared with

the intervention groups.

A similar pattern was observed in posterior-transversal changes, which increased sig-

nificantly following maxillary active expansion treatment. In the control groups, 50% of
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the posterior-transversal results indicated a statistically significant difference; nevertheless,

the magnitude was markedly smaller than that of the intervention groups. The smallest

mean posterior-transversal increase in the RME group (2.72 mm; Pinheiro et al., 2014) was

observed, using reference points located at the palatal gingival margin of the first molars.

Overall, neither anterior nor posterior transverse dimensions exhibited a consistent ten-

dency for significant expansion across all active maxillary expansion therapies, whereas

minimal changes without statistical significance were observed in most untreated control

groups.

3.2 Inter-group comparison of transversal changes

3.2.1 Anterior-transversal changes

When comparing the RME and SME groups in terms of anterior-transversal mean difference,

only one of the six selected studies demonstrated statistically significant results (RME vs.

SME, 3.0 mm vs. 2.2 mm, p = 0.005; Paoloni et al., 2022) (Table 6). Two studies compared

the RME and CA groups in terms of anterior-transversal change, and one of them reported

no statistically significant difference (RME vs. CA, 4.2 mm vs. 3.5 mm; Bruni et al., 2024).

Three studies compared the SME and CA groups, and only one study showed the anterior-

transversal mean difference to be statistically significant (SME vs. CA, 4.8 mm vs. 3.1 mm,

p < 0.05; Wang et al., 2023).

Table 6. Intergroup comparison of dentoalveolar anterior-transversal change in the in-

tervention groups. RME, rapid maxillary expander; SME, slow maxillary expander; CA,

clear aligner.

Most studies indicate that RME did not result in significantly greater anterior-transversal

expansion compared with SME. When compared with the CA groups, the increased amount

of T2−T1 in the RME or SME groups was not substantially greater. Most T2−T1 results

in the CA groups were over 3 mm (Figure 2). As a result, the significance of intergroup

comparison in anterior-transversal expansion was not strongly associated with any specific

type of maxillary expanders.
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In the four selected studies, all comparisons between the control and intervention groups

in terms of anterior-transversal mean differences were shown to be significant, i.e., with

p < 0.05 (Lu et al., 2023; Moravedje et al., 2024; Pinheiro et al., 2014; Wang et al., 2023)

(Table 7). The anterior-transversal mean differences in all types of maxillary expansion

appliances were significantly greater than those resulting from natural growth in the control

groups (Figure 2).

Figure 2. The anterior-transversal mean differences from T1 to T2 are presented. CA,

clear aligner; RME, rapid maxillary expander; SME, slow maxillary expander; T2–T1,

difference between pre- and post-treatment. + indicates that the comparison between

the intervention groups was statistically significant (p value < 0.05). ∗ indicates that the

comparison between the intervention and control groups was statistically significant (p

value < 0.05).

Table 7. Intergroup comparison of dentoalveolar anterior-transversal change in the con-

trol and intervention groups. CA, clear aligner. RME, rapid maxillary expander. SME,

slow maxillary expander. T2-T1, difference between pre- and post-treatment.
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3.2.2 Posterior-transversal changes

In the eight selected studies that compared the RME and SME groups in terms of posterior-

transversal mean differences, only three reported statistically significant comparisons (Luiz

et al., 2020, p = 0.001; Pinheiro et al., 2014, p < 0.05; Serafin et al., 2022, p = 0.025) (Table

8). When comparing the RME with CA groups, one of the two selected studies did not find

a statistically significant difference (RME vs. CA, 4.1 mm vs. 3.2 mm; Bruni et al., 2024).

When comparing the SME with CA groups, all three studies reported statistically significant

differences (Moravedje et al., 2024; Pamukçu et al., 2024; Wang et al., 2023). Most studies

reported that RME did not lead to significantly greater posterior transversal expansion

compared with SME. In contrast, all studies demonstrated that the SME appliance produced

significantly greater posterior-transversal changes than the CA appliance. Only one of the

T2-T1 results in the CA group exceeded 3 mm (Figure 3).

Table 8. Intergroup comparison of dentoalveolar posterior-transversal change in the

intervention groups. CA, clear aligner. RME, rapid maxillary expander. SME, slow

maxillary expander. T1, pre-treatment measurement. T2-T1, difference between pre-

and post-treatment. *, the upper first molar central fossa used as reference point. **, the

upper first molar mesio-buccal cusp tip used as reference point.

In the four selected studies, all comparisons between the control and intervention groups

in posterior-transversal mean difference were shown to be statistically significant (Lu et

al., 2023; Moravedje et al., 2024; Pinheiro et al., 2014; Wang et al., 2023) (Table 9).

Similar to the results for anterior-transversal mean differences, the posterior-transversal

mean differences for all types of maxillary expansion appliances were greater than those

associated with natural growth, as observed in the control groups (Figure 3).

Archive of Orofacial Data Science 13:54:25:11:2025 p. 12/20



Figure 3. Posterior-transversal mean differences from T1 to T2. CA, clear aligner; RME,

rapid maxillary expander; SME, slow maxillary expander; T2-T1, difference between pre-

and post-treatment. * in black, the upper first molar central fossa used as the reference

point; ▲, the upper first molar mesio-buccal cusp tip used as the reference point. +,

the comparison between the intervention groups was statistically significant (p < 0.05).

* in red, the comparison between the intervention and control groups was statistically

significant (p < 0.05).

Table 9. Intergroup comparison of dentoalveolar posterior-transversal change in the

control and intervention groups. CA, clear aligner. RME, rapid maxillary expander.

SME, slow maxillary expander. T2-T1, difference between pre- and post-treatment.
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4 Discussion

This review aimed to assess and compare the effectiveness of various non-surgical maxillary

expanders. Across all the studies included in this review, the intervention groups, whether

using RME, SME, or CA, demonstrated a statistically significant increase in maxillary width

following treatment (Tables 2–4). Namely, regardless of the type of appliance used, all

modalities proved to be effective in promoting transverse expansion of both the anterior and

posterior teeth of the maxilla. However, the capacity to achieve maxillary expansion may

still vary depending on the specific characteristics of the expansion appliance used.

There are multiple factors that influence the effectiveness of maxillary expansion, the

first of which is the expander installation method, i.e., fixed vs. removable. Among the 14

selected studies reviewed in this thesis, those utilising RME or SME predominantly employed

bonded and rigid appliances. In contrast, the CA group consisted of removable and flexible

plastic appliances. As the results illustrated in Figures 2 and 3, the average transverse

expansion achieved by RME or SME generally ranged between 3 to 6 mm in both the anterior

and posterior regions of the maxilla. In contrast, the mean expansion associated with CA

use was approximately 2 to 4 mm in the anterior segment and 2 to 3 mm in the posterior

segment. This demonstrates that the maxillary expansion achievable with the removable CA

remains lower than that obtained with conventional bonded expansion devices. One of the

most commonly cited drawbacks of CA is the difficulty in ensuring patient compliance with

appliance wearing as prescribed. This is likely one of the primary factors for the relatively

low effectiveness observed in CA treatments (Timm et al., 2021; Vigneshkumar et al., 2024).

The second factor affecting the effectiveness of maxillary expansion is the rigidity of

the expansion appliance material. Both RME and SME typically employ metal frameworks

or acrylic splints as their primary structural components. Although these two expanders

differ in their activation protocols, from the viewpoint of the current systematic analysis,

more than 73% of the reviewed studies reported no significant difference between RME and

SME in effectiveness. Thus, in terms of expansion capacity, the two methods appear to be

comparable, a finding consistent with the conclusion of the systematic review by Zhou et

al. (2014). Contrary to Zhou et al.’s findings, the results of this review suggest that SME

was not superior to RME in achieving maxillary intermolar expansion. This is based on the

finding that although the posterior-transversal differences of SME were numerically greater

compared with RME in three studies (Montaruli et al., 2022; Rabah et al., 2022; Martina

et al., 2012), the comparisons were not statistically significant.

When comparing CA with these two conventional expanders, more instances of significant

differences were found in posterior-transversal expansion (Table 8) than anterior-transversal

expansion (Table 6). This suggests that the expansion capacity of CA may be greater in

the anterior than the posterior region of the maxilla. Furthermore, in some studies, CA was

able to achieve expansion results comparable to those with RME and SME in the anterior

part of the maxilla (Bruni et al., 2024; Moravedje et al., 2024; Pamukçu et al., 2024). One

possible explanation for this outcome is that the terminal section of the flexible plastic

aligner delivers less force compared to its middle section, as a study with Invisalign® First

indicated less expansion predictability in the first molars (55.61%) than the primary canines

(59.68%) (Levrini et al., 2024). A case series study also observed that the planned maxillary

transversal expansion width in the primary canine region achieved by Invisalign® First was

superior to that in the first molar region (Reistenhofer & Filipitsch, 2023).

In this review, only one comparison among the selected studies between CA and other

expansion appliances did not find a statistically significant change in the posterior transverse
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difference (Bruni et al., 2024). The authors speculated that this result may be attributed to

the greater degree of buccal tipping and limited bodily movement of the molars in the CA

group, leading to expansion comparable to that in the RME group.

The third factor that influences the effectiveness of maxillary expansion is the teeth an-

chored or engaged by the expansion appliance, as well as the mode by which orthodontic

forces are applied. Traditional maxillary expansion appliances are typically anchored on se-

lected posterior teeth and apply unidirectional lateral forces to increase the arch perimeter,

thereby creating interproximal spacing. When space becomes available, previously mis-

aligned or rotated teeth due to crowding may spontaneously reposition themselves through

passive movement (Haas, 1961). Since both RME and SME rely on this type of unidirec-

tional force application on specific teeth, the expansion forces tend to be more concentrated

and less likely to be dispersed. The design of Invisalign® First aligners covers all the

presented teeth to apply specific forces to achieve desired tooth movements. According to

manufacturer recommendations, the Invisalign® First protocol suggests initiating maxillary

expansion with the first molar movement priorly, followed by simultaneous staging in all the

teeth, as this approach tends to produce more stable and predictable posterior expansion

(Garlington, 2019). While all studies involving CA included in this review consistently

implemented this strategy, the effectiveness of posterior-transversal expansion remained sig-

nificantly lower than that of the bonded conventional expanders. Despite the Invisalign®

First protocol moving the first molars at the beginning for about 4 to 8 stages, the following

multiple types of movements of other teeth, such as expansion, rotation, and alignment,

are usually programmed simultaneously. This may lead to a dilution of the forces intended

for each specific movement, potentially compromising the effectiveness of the expansion.

Therefore, in order to improve the effectiveness of maxillary expansion with CA in paedi-

atric patients, it is important not only to implement a molar-movement-first protocol and to

reinforce patient compliance, but also to consider applying overtreatment in the first molar

region during treatment planning (Levrini et al., 2024). This approach may help compen-

sate for the lower effectiveness and predictability of aligner-mediated tooth movement in the

posterior segments, particularly in mixed dentition cases.

In certain challenging clinical cases, such as patients with severely constricted maxillary

arches and bilateral crossbites, CA may not be a viable substitute for RME or SME. Per

indication, Invisalign® First is suitable only for children aged approximately 6 to 10 years

during the mixed dentition phase. For patients presenting with moderate to severe arch

constriction, severe dental crowding, or an unfavourable growth pattern, there remains a

high likelihood of requiring a Phase II orthodontic treatment during adolescence, even after

early interceptive therapy (Pinho et al., 2022; Blevins, 2019). Although CA is generally

less effective than traditional expanders in achieving posterior maxillary expansion, CA

treatment results in superior overall alignment of maxillary dentition and induces significant

morphological modification of the upper arch shape compared to RME (Cretella et al., 2022).

In the four selected studies involving a control group, patients who did not receive treat-

ment with RME, SME, or CA exhibited a natural maxillary transverse growth of less than

1 mm. Such minimal changes were mostly statistically insignificant (Moravedje et al., 2024;

Lu et al., 2023; Pinheiro et al., 2014). When compared with the intervention groups, i.e.,

RME, SME, and CA, all control groups showed significantly smaller transverse increases.

This indicates that any form of maxillary expansion appliance may result in more effec-

tive anterior and posterior transverse expansion than that achieved through natural growth

alone. Currently, many clinical studies comparing maxillary expansion appliances in chil-

dren have primarily focused on evaluating pre- and post-treatment outcomes within treated
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groups (Rossini, 2015; Ugolini, 2024). Few studies have included a separate control group

composed of patients who required treatment but did not receive any intervention, in order

to observe natural growth. In the limited number of studies that do include control groups,

these are often composed of children with normal occlusion who do not require early or-

thodontic treatment. As a result, comparisons are typically made between the treatment

outcomes of malocclusion cases and the natural development of normal occlusion subjects,

which may compromise the objectivity and validity of the control group.

4.1 Limitations

A key limitation of this literature review is the heterogeneity in study design and patient

characteristics, observed even among investigations examining the same type of maxillary

expansion appliance. Variations in appliance design components, the specific teeth involved,

the duration of active treatment and retention, and the magnitude of expansion required

based on individual case conditions may contribute to inconsistent comparison criteria across

studies, thereby limiting the reliability and generalizability of the findings.

Another limitation pertains to the variability in reference point selection among stud-

ies, which affects the assessment of maxillary expansion outcomes. Although this review

specifically focused on dentoalveolar changes, differences in measurement landmarks—such

as cusp tips, central fossae, or the gingival margin—introduce inconsistencies that hinder

direct comparison of treatment results across studies.

Finally, current research comparing the effectiveness of maxillary expansion between clear

aligners (CA) and traditional appliances such as rapid maxillary expansion (RME) or slow

maxillary expansion (SME) remains limited in both quantity and quality. Most available CA

studies were not randomised controlled trials and thus failed to provide high-quality evidence

based on standardised measurement methods and unified treatment protocols. Moreover,

to enable a more comprehensive comparison across developmental stages, future research

designs should consider evaluating the full treatment course from childhood to adolescence.

One possible approach is to define a study group receiving traditional maxillary expansion

followed by fixed edgewise appliances, and a comparison group receiving a clear aligner-

based two-phase treatment—such as Invisalign® First in Phase I followed by Invisalign®

Comprehensive in Phase II—to evaluate and compare their respective outcomes in transverse

maxillary development.

Conclusions

1. All maxillary expansion appliances (RME, SME, and CA) included in this review

demonstrated statistically significant increases in transverse width, confirming their

effectiveness in promoting dentoalveolar expansion.

2. RME and SME appliances showed superior expansion in the posterior region, likely

due to their fixed design and rigid materials.

3. CA achieved less posterior expansion but showed comparable results in the anterior

region, possibly explained by the aligner terminal parts being relatively weak in force

in contrast to the middle section.

4. When compared with intervention groups, the control groups showed significantly

smaller transverse expansion. Therefore, the use of any maxillary expansion appliance
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(RME, SME, or CA) resulted in more effective transverse development than relying

on natural growth alone.
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