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ABSTRACT  

Background: Clear aligners have become a pivotal advancement in orthodontic treatment, offering a viable 

alternative to traditional metal braces. Despite the reported benefits of clear aligners such as being more hygienic 

and aesthetic, some orthodontists remain sceptical about the effectiveness of aligners in achieving treatment goals. 

This uncertainty may arise due to traditional preferences or the perceived limitations in their ability to execute 

complex tooth movements. Aim of the study: This systematic review investigates the effectiveness of clear 

aligners in achieving dentoalveolar expansion of the maxillary arch. Materials and methods: An electronic search 

was conducted on PubMed, Web of Science, Google Scholar, and Scopus from January 2020 to July 2024 to 

identify relevant articles. Methodological shortcomings were highlighted, and an evaluation of the quality of the 

included studies was completed using the Risk of Bias in Non-randomised Studies of Interventions (ROBINS-I) 

tool. Results: Out of 453 studies identified, seven studies met the inclusion criteria and were included in this 

review. Four studies were on adult subjects with full permanent dentition and three were on subjects with mixed 

dentition. The risk of bias was generally minimal according to the ROBINS-I tool in all the studies reviewed. The 

efficacy of expansion with clear aligners was more prominent in the canine and premolar area, with the expansion 

mainly achieved with tipping movements rather than bodily translation movement. The planning software 

overpredicted the dental movements compared to what was achieved. Conclusions: Clear aligners primarily 

achieve expansion via dental tipping. Overcorrection and buccal root torque should be planned to ensure more 

bodily movements and expansion goals are met after treatment. Employing clear aligners in younger patients is 

particularly advantageous for upper arch development and correction of transverse malocclusions, especially in 

the canine segment. 

Keywords: Clear Aligner, Constriction, Arch Expansion, Crossbite. 

INTRODUCTION 

Ideal occlusion is characterised by the 

palatal cusps of the upper molars precisely 

fitting into the fossae of the mandibular molars, 

ensuring optimal alignment and proper function 

between the dental arches (1). However, dental 

transverse malocclusion, such as a narrow 

maxillary arch with or without posterior 

crossbite, can disrupt this ideal relationship (2). 

Crossbite prevalence varies, reaching up to 

21%, and is influenced by factors like age, 

country, and social class of the population,  

highlighting the necessity of personalised 

orthodontic evaluations and treatments to 

improve dental functionality and aesthetics 

(3,4). Given the substantial impact of 

malocclusions on oral health, overall well-

being, and quality of life, understanding the 

complexity and their consequences is essential 

for devising effective orthodontic treatment 

strategies. 

Implementing arch expansion techniques 

can be effective in widening the maxillary arch, 

rectifying crossbite, and enhancing arch form 

(5). Orthodontic interventions focused on 

maxillary expansion not only address existing 

malocclusion issues but also contribute to the 

long-term stability of the occlusion and the 

overall balance of the facial structure (6,7). 

Several treatment modalities are available to 

achieve dentoalveolar expansion effectively 

(8,9). The primary objective of orthodontic 

expansion treatment is to preserve the stability 

of the upper transverse dimension, which is best 

achieved through bodily tooth movements 

rather than merely tipping the teeth outward 

(2,10). Ensuring such stability is essential for 

long-term treatment success and optimal 

functional and aesthetic outcomes (11,12).  

Clear aligner therapy (CAT), introduced as 

a modern alternative to conventional fixed 
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appliances for correcting dental malalignments 

(13–15), including transverse malocclusions, 

was first conceptualised by Kesling in 1946 

(16). Initially, orthodontists were hesitant to 

recommend CAT for treating complex 

malocclusions, such as correcting buccolingual 

inclination and closing extraction spaces. 

However, advancements in the 

manufacturability of aligners and a deeper 

understanding of biomechanics have enabled 

manufacturers to claim that CAT  can 

effectively manage complex orthodontic cases. 

Despite these advancements, clinicians often 

remain cautious, observing that dental tipping 

tends to be more pronounced than bodily 

translation during treatment (17,18).   

As research advances, CAT is set to 

transform orthodontic treatment paradigms 

further, offering effective and patient-friendly 

alternatives to conventional braces (19). 

Nevertheless, the effectiveness of CAT in 

achieving dentoalveolar maxillary expansion to 

address transverse malocclusion has yet to be 

assessed comprehensively. Therefore, this 

review aims to systematically review the 

literature and compile the current scientific 

evidence regarding the clinical effectiveness of 

CAT in achieving dentoalveolar maxillary 

expansion. The findings of this review are quite 

important due to the ongoing debate between 

the claims made by CAT companies and the 

conservative perspective of some orthodontists 

based on their diverse experiences. 

MATERIAL AND METHODS 

Protocol development 

This review employed a detailed protocol 

based on the PRISMA (Preferred Reporting 

Items for Systematic Review and Meta-

Analyses) statement (20). A literature search 

was performed to answer the following focused 

research question: Is CAT effective in 

achieving maxillary dentoalveolar expansion in 

patients with transverse malocclusions? 

The question was formulated according to 

the Population, intervention, comparison, 

outcome, and study design (PICOS). 

Population: Patients with dental transverse 

malocclusions undergoing orthodontic 

treatment; Intervention: Orthodontic treatment 

by clear aligner appliances; Comparison: Self-

comparison; Outcomes: Efficiency of 

dentoalveolar expansion; Study design: 

Clinical studies.  

Search strategy, study selection criteria, and 

data extraction 

Four electronic databases (MEDLINE via 

PubMed, Web of Science, Google Scholar, and 

Scopus) were searched for studies published 

from 2020 until July 2024 using three blocks of 

search terms, including MeSH terms, was used 

to identify the studies in databases. Block one 

included Clear Aligner, Invisalign, Orthodontic 

appliance, and Removable Orthodontic 

appliance. Block two included Malocclusion, 

Crossbite, Teeth crowding, Maxillary 

constriction, and Narrow arch. Block three 

included Arch expansion, Arch development, 

and Dentoalveolar expansion. The Boolean 

operator ‘OR’ was used to combine the search 

terms within each block. The search terms in all 

blocks were then combined by the Boolean 

operator ‘AND’: 

(Clear Aligner OR Invisalign OR 

Orthodontic appliance OR Removable 

orthodontic appliance) AND (Malocclusion OR  

 

 

 

Crossbite OR teeth crowding OR Maxillary 

constriction OR Narrow arch) AND (Arch 

expansion OR Arch development OR 

Dentoalveolar expansion). 

 

The literature search was completed 

manually by searching reference lists of the 

relevant articles for undetected studies possibly 
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suitable for inclusion by the  author assisted by 

the library staff at Umm Al-Qura University. 

The article titles and abstracts were screened 

with relevant articles selected for full-text 

review (fig. 1). Studies were considered 

relevant according to the following Inclusion 

criteria: original studies (clinical studies) with 

full text in the English language evaluating the 

effectiveness of CAT in achieving maxillary 

dentoalveolar expansion and addressing 

transverse malocclusion. Studies were 

excluded if they were case reports/case series, 

involved the use of any auxiliary expansion 

device, or included orthognathic surgery as part 

of the treatment protocol. Studies involving 

patients with genetic syndromes or facial 

deformities were also excluded.  The general 

characteristics  and a summary  of relevant 

study information were recorded in an 

overview table (Table 1). 

Risk of bias assessment 

The quality of each study was assessed by 

ROBIN technique for interventions and non-

randomised studies considering the following 

six domains: 1. random sequence generation, 2. 

allocation sequence concealment, 3. blinding of 

outcome assessment, 4. incomplete outcome 

data, 5. selective outcome reporting, and 6. 

other sources of bias. The studies were 

categorised based on the fulfilment of the 

aforementioned domains into low risk (all key 

domains had low risk), high risk (if more than 

one key domain had high risk), and unclear risk 

(if more than one key domain had unclear risk). 

 

RESULTS 

Literature search results  

A total of 453 articles were initially 

identified and screened for potentially relevant 

studies (fig. 1), utilizing the Confidence online 

platform (Covidence systematic review 

software, Veritas Health Innovation, 

Melbourne, Australia). Subsequently, 347 

articles were excluded, 198 articles were 

duplicates and 149 were not relevant leaving 49 

articles for full text review. Manual searching 

of the reference lists did not identify any 

additional articles. Finally, seven articles 

fulfilled the inclusion criteria and were 

included in the review. The study 

characteristics are summarised in (Table 1). 

Effectiveness of CAT on arch expansion in 

adult patients 

Four of the selected studies evaluated the 

effectiveness of expansion using CAT in adult 

patients (Table 1). Zhou et al. found that 

Invisalign aligners achieved expansion 

efficiencies of 79.75% at the canine cusp tip, 

76.1% at the first premolar, 73.27% at the 

second premolar, and 68.31% at the first molar, 

primarily through posterior teeth tipping. The 

average efficiency of bodily buccal expansion 

for maxillary first molars was 36.35% (21). 

Similarly, Galluccio et al. reported that 

expansion treatment had an overall clinical 

accuracy of 70.88% (18), with lower accuracy 

of linear measurements at the gingival level 

(~50%), while cusp width measurements 

showed accuracy rates ranging from 70% to 

82% (18). Santucci et al. also reported that 

expansion was possible with CAT as ~70% of 

planned expansion was achieved at the 

premolar level and only 35% at the first molar 

level (22). Lione et al. showed that the leaner 

measurements had the greatest increase in 

maxillary at the upper first and second 

premolars: +3.5 mm for the first premolar and 

+3.8 mm for the second premolar but the 

predictability was poor for both linear and 

angular measurements at the inter-canine level 

(17). 

Effectiveness of CAT on arch expansion 

in young patients  

 

Three studies evaluated the effectiveness of 

expansion with CAT on younger patients and 

mixed dentition (Table 1). Lombardo et al. 

compared the effectiveness of using CAT 

versus RME, showing statistically significant 

differences in the inter-canine width (+ 1.5 mm 

± 0.5 mm in CAT), in the first inter-deciduous 

molar width (+ 1.4 mm ± 0.4 mm in CAT). 

They also found that CAT patients showed a 

statistically significant increase in the palatal 

area compared with RME subjects (12). Lione 

et al. found that the greatest expansion was at 

the level of the upper first deciduous molars 

(+3.7 ± 1.4 mm), followed by the    second 

deciduous molars (+3.4 ± 1.6 mm) and the 

deciduous canine (+2.6 ± 2.0 mm) (23). Kim et 

al. conducted a retrospective study of 90 

subjects to assess the expansion predictability 

on both maxillary and mandibular arches, 

observing the highest percentage in the lower 

primary first molar (81.2%) and only 53.4% for 

the upper permanent molar (24). They found 

that the predictability of arch expansion was 

significantly higher in the mandibular arch 
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compared to the maxillary arch (24). 

 

 

Name 

and 

year of 

the 

study 

Type 

of 

Study 

Sample/Inclusion 

Criteria 

Interventi

on 

Assessment  Findings 

Zhou et 

al., 2020 

(21) 

Retros

pective 

20 subjects (5 males, 15 

females), with a mean 

age of 28.5 y ± 6.3 y 

- Aged between 20 

and 45 years  

- Permanent dentition 

with second molars 

fully erupted 

- Good tooth contour 

with a sufficient 

height of clinical 

crowns 

- Arch expansion with 

the Invisalign 

system 

- Good compliance 

during treatment 

Arch 

expansion 

using 

Invisalign 

aligners 

 

 

Records of pretreatment 

(T0 stage) and 

immediately after 

completing the expansion 

phase (T1 stage) including 

digital models for leaner 

measurements between 

the palatal cusps and 

CBCT for angular 

measurements 

 

 

The average expansion 

efficiencies were 79.75% ± 

15.23 for the upper canine 

crown, 76.1% ± 18.32 for the 

first premolar crown, 73.27% ± 

19.91 for the second premolar 

crown, and 68.31% ± 24.41 for 

the first molar crown, with the 

average efficiency of bodily 

expansion movement for the 

maxillary first molar being 

36.35% ± 29.32 

Lione et 

al., 2021 

(17)  

Prospe

ctive  

28 subjects (12 males, 16 

females), with a mean 

age of 31.9 y ± 5.4 y 

- European ancestry  

- Posterior transverse 

discrepancy of 3–6 

mm 

- Permanent dentition 

- Presence of second 

permanent molars 

- Mild or moderate 

crowding. 

- Good compliance 

with aligners 

Use of a 

clear 

aligner 

without any 

auxiliary to 

focus on 

posterior 

transverse 

discrepanc

y and mild 

crowding 

Linear between the buccal 

cusps and angular in 

reference to para-coronal 

plane measurements were 

performed before 

treatment (T1) and after 

treatment (T2), and on 

final virtual models (T2 

ClinCheck) 

Statistically significant 

differences in all 

measurements, except at the 

upper second molars 

The greatest increase in 

maxillary width was detected at 

the upper first and second 

premolars: +3.5 mm for the first 

premolar and +3.8 mm for the 

second premolar at T2 

Comparison of T2-T1 angular 

outcomes showed statistically 

significant changes in the 

inclinations of all teeth, except 

for the second permanent 

molars 

Lombar

do et al., 

2022 

(12)  

Retros

pective  

32 subjects treated either 

with the RME (RG 

group; n = 17, 8 males, 9 

females; mean age of 8.1 

± 0.8 years) or the clear 

aligners (FG group; n = 

15, 7 males, 8 females; 

mean age of 8.4 ± 1.1 

years) 

- European ancestry, 

- Posterior transverse 

discrepancy between 

maxillary and 

mandibular arches 

up to 6 mm 

- Mixed dentition, 

mesial step or flush 

Compariso

n of the 

effectivene

ss of upper 

arch 

expansion 

using two 

different 

systems: 

Invisalign 

and RME 

Leaner measurements 

between both buccal and 

palatal cusps and angular 

measurements in reference 

to the para-coronal plane 

to evaluate the tooth 

inclination. The palatal 

surface area was measured 

before (T1) and after 

treatment (T2)  

Statistically significant 

differences in the inter-canine 

width (+1.5 mm ± 0.5 mm in 

FG), the first inter-deciduous 

molar width (+1.4 mm ± 0.4 

mm in FG), the first inter-molar 

distal width (-1.2 mm ± 0.4 mm 

in FG), the inter-canine trans-

palatal width (+1.5 mm ± 

0.5mm in FG) and the first 

inter-deciduous molar trans-

palatal width (+1.4 mm ± 0.4 

mm in FG) 

Significant increase in crown 

angulation in patients treated 

with aligners 
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terminal plane molar 

relationship 

- Fully erupted first 

molars 

- Non-extraction 

treatment protocol 

- High level of 

compliance 

FG patients showed a 

statistically significant increase 

in the palatal area compared to 

RG subjects 

Gallucci

o et al., 

2023 

(18)  

Prospe

ctive 

28 patients (15 males, 18 

females) with a mean age 

of 17 y (± 3.2 y) 

- Complete permanent 

teeth 

- Invisalign® aligners 

made from Smart-

Track® material 

- Required transverse 

dentoalveolar 

expansion (2–4 mm) 

to correct 

malocclusion  

- No extraction, NO 

IPR, and no 

auxiliaries were 

used 

- A sufficient clinical 

crown height (≥4 

mm) 

- Good compliance 

Evaluation 

of the 

efficacy 

and 

accuracy of 

maxillary 

arch 

transverse 

expansion 

using the 

Invisalign® 

clear 

aligner 

system 

Linear measurements 

were compared between 

three different virtual 

models obtained from STL 

files: 

- Pretreatment STL 

model (T0) obtained 

by scanning the 

maxillary arch before 

treatment 

- Post-treatment STL 

model (T1) obtained 

by scanning the 

maxillary arch after 

treatment 

- STL model from the 

final model 

programmed on the 

software (TC) 

The overall accuracy of the 

expansion treatment was 70% 

regardless of tooth type  

In the inter-cusp measurements, 

the expansion was more 

accurate for the first premolar 

(93.53%) and less for the first 

molar (70.55%) 

The expansion achieved was 

less than that planned in all 

measures but was not 

statistically significant for all 

measurements (inter-canine, 

inter-premolar, and intermolar) 

Lione et 

al., 2023 

(23)  

Prospe

ctive  

23 subjects (14 males, 9 

females, mean age of 9.4 

± 1.2 years) 

- European ancestry 

- Posterior transverse 

discrepancy between 

maxillary and 

mandibular arches 

up to 6 mm 

- Mixed dentition  

- Presence of first 

permanent molars 

- A mesial step or a 

flush terminal 

- No extraction, NO 

IPR, and no 

auxiliaries were 

used  

- Good compliance 

with aligners 

Use of the 

Invisalign 

First 

system in 

maxillary 

arch 

developme

nt with no 

auxiliary 

Linear measurements of 

the expansion were 

compared between three 

different virtual models 

obtained from STL files: 

- Pretreatment STL 

model (T1) obtained 

by scanning the 

maxillary arch before 

treatment 

- Post-treatment STL 

model (T2) obtained 

by scanning the 

maxillary arch after 

treatment 

- STL model from the 

final model 

programmed on the 

software (T2 

Clincheck) 

The greatest increase in the 

maxillary width was observed 

at the upper first deciduous 

molars (+3.7 ± 1.4 mm), 

followed by the second 

deciduous molars (+3.4 ± 1.6 

mm) and the deciduous canine 

(+2.6 ± 2. 0mm) 

The effective transversal 

expansion (T2) in relation to 

that planned with the Clincheck 

(T2 Clincheck), the first molar 

showed the highest 

predictability (83%), followed 

by the deciduous canine (81%), 

the second deciduous molars 

(79%) and the first deciduous 

molars (77%) 

Santucc

i et al., 

2023 

(22)  

Retros

pective 

32 subjects (13 males, 19 

females, mean age of 29 

± 9.75 years). 

- Adults  aged ≥18 

years 

- No extraction  

- Treated without any 

expansion 

auxiliaries 

Dentoalveo

lar 

expansion 

using 

Invisalign 

Linear measurements 

were obtained for 

premolars and permanent 

first molars at two 

different points for each 

tooth, the lingual cusp tip 

and gingival margin were 

compared at the initiation 

of treatment (T0) and after 

treatment (T1) 

More expansion was measured 

at the cusp tips compared to 

gingival margins, indicating 

more tipping than bodily 

translation 

Digital planning also showed a 

significant overestimation of 

the amount of expansion 

capable, 70% of expansion was 

achieved at the level of the first 
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- CBCT of adequate 

quality available 

before and after 

treatment 

- Good compliance 

- Patients who needed 

transverse expansion 

for ideal treatment 

CBCT data were used per 

maxillary tooth: lingual 

cusp tip of the maxillary 

posterior teeth, lingual 

gingival margins 

(cementoenamel junction) 

to assess the tipping 

movement 

premolar area and only 35% at 

the first molar area 

Kim et 

al., 2024 

(24) 

Retros

pective  

90 children with a mean 

age of 8.42 ± 0.93 y  

- Aged between 7 and 

9 years 

- Mixed dentition 

- Fully erupted first 

permanent molars 

- Planned arch 

expansion with the 

Invisalign First 

system 

- Good compliance 

Analysis of 

the 

outcome of 

orthodontic 

treatment 

using the 

Invisalign 

First 

system 

Four leaner measurements 

were taken at the 

maxillary and mandibular 

primary canines, first and 

second primary molars, 

and first permanent molars 

Six digital models were 

obtained: (1) pretreatment 

(initial), (2) predicted, and 

(3) posttreatment models 

for both the maxillary and 

mandibular arches 

The predictability of the 

expansion of the maxillary teeth 

was 71.1% for primary canines 

and 53.4% for first permanent 

molars 

The predictability of the 

expansion of the mandibular 

teeth was 81.1% for primary 

canines and 69.4% for first 

permanent molars 

The predictability of arch 

expansion was significantly 

higher in the mandibular arch 

compared to the maxillary arch 

and significantly lower in the 

permanent first molar than in 

the other primary teeth 

Zhou et 

al., 2020 

(21) 

Retros

pective 

20 subjects (5 males, 15 

females), with mean age 

28.5y (±  6.3y).  

- Age between 20 and 

45 years old;  

- Permanent dentition 

with second molars 

fully erupted;  

- Good tooth contour, 

with sufficient 

height of clinical 

crowns; 

- Arch expansion with 

Invisalign system 

had been planned. 

- Good compliance 

during treatment as 

assessed by the 

practitioner. 

Arch 

expansion 

using 

Invisalign 

aligners. 

 

 

Records of pretreatment 

(T0 stage) and 

immediately after 

completing the expansion 

phase (T1 stage) were 

collected, including digital 

models for leaner  

measurements between 

the palatal cusps and 

CBCT for angular 

measurements. 

 

 

The average expansion 

efficiencies were 79.75% ± 

15.23 for the upper canine 

crown, 76.1% ± 18.32 for the 

first premolar crown, 73.27% ± 

19.91 for the second premolar 

crown, and 68.31% ± 24.41 for 

the first molar crown, with the 

average efficiency of bodily 

expansion movement for the 

maxillary first molar being 

36.35% ± 29.32. 

Lione et 

al., 2021 

(17)  

Prospe

ctive  

28 subjects (12 males, 16 

females), with mean age 

31.9y  (±  5.4 y). 

- European ancestry,  

- Posterior transverse 

discrepancy of 3–6 

mm 

- Permanent dentition 

stage 

- Presence of second 

permanent molars 

- Mild or moderate 

crowding. 

Use of a 

clear 

aligner 

without any 

auxiliary to 

focus on 

posterior 

transverse 

discrepanc

y and mild 

crowding 

Linear between the buccal 

cusps and angular in 

reference to para-coronal 

plane measurements were 

performed before 

treatment (T1), at the end 

of treatment (T2), and on 

final virtual models (T2 

ClinCheck).  

Statistically significant 

differences were found for all 

measurements, except for ones 

at 

the upper second molars. The 

greatest increase in maxillary 

width was detected at the upper 

first and second premolars: 

+3.5 mm for the first premolar 

and +3.8 mm for the second 

premolar at T2. 
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- Good compliance 

with aligners. 

Comparison of T2-T1 angular 

outcomes showed statistically 

significant changes in the 

inclinations of all teeth except 

for the second permanent 

molars. 

Lombar

do et al., 

2022 

(12)  

Retros

pective  

32 subjects treated either 

with the RME (RG 

group) n = 17, 8 males, 9 

females; mean age 8.1 ± 

0.8 years, or the clear 

aligners FG group) n = 

15, 7 males, 8 females; 

mean age 8.4 ± 1.1 

years. 

 

- European ancestry,  

- Posterior transverse 

discrepancy between 

maxillary and 

mandibular arches 

up to 6 mm. 

- Mixed dentition, 

mesial step or flush 

terminal plane molar 

relationship, 

- Fully erupted first 

molars. 

- Non extraction 

treatment protocol. 

- High level of 

compliance. 

Compariso

n of 

effectivene

ss of upper 

arch 

expansion 

using two 

different 

systems: 

Invisalign 

and RME 

Leaner measurements 

between both buccal and 

palatal cusps and 

angular measurements in 

reference to the para-

coronal plane to evaluate 

the tooth inclination. In 

addition to the palatal 

surface area were 

performed before 

treatment (T1), at the end 

of treatment (T2).   

- Statistically significant 

differences in the inter-

canine width (+ 1.5mm ± 

0.5mm in FG), in the first 

inter-deciduous molar 

width (+ 1.4mm ± 0.4mm 

in FG), in the first inter-

molar distal width (-1,2mm 

± 0.4mm in FG), in the 

inter-canine trans-palatal 

width (+ 1.5mm ± 0.5mm 

in FG) and in the first inter-

deciduous molar trans-

palatal width (+ 1.4mm ± 

0.4mm in FG). 

- Significant increase of the 

crown angulation for all 

the examined teeth in 

patients treated with 

aligners.  

- FG patients showed a 

statistically significant 

increase of the palatal area 

when compared with RG 

subjects 

Gallucci

o et al., 

2023 

(18)  

Prospe

ctive 

28 patients (15 males, 18 

females) with a mean age 

of 17y (± 3.2 y).  

 

- Complete permanent 

teeth,  

- treatments 

performed with 

Invisalign® aligners 

made from Smart-

Track® material,  

- treatments that 

required transverse 

dento-alveolar 

expansion (2–4 mm) 

to correct 

malocclusion,  

- Non extraction, NO 

IPR, and no 

auxiliaries were 

used.   

- patients with 

sufficient clinical 

evaluate 

the efficacy 

and 

accuracy of 

maxillary 

arch 

transverse 

expansion 

using the 

Invisalign® 

clear 

aligner 

system. 

Linear measurements of 

the expansion were 

assessed and compared 

between three different 

virtual models obtained 

from an STL files: 

- Pretreatment STL 

model (T0) obtained 

by scanning the 

maxillary arch before 

starting treatment. 

- Post-treatment STL 

model (T1) obtained 

from scanning the 

maxillary arch at the 

end of the treatment. 

- STL model from the 

final model 

programmed on the 

software (TC). 

The overall accuracy of the 

expansion treatment was 70%, 

regardless of tooth type.  

 

In the inter-cusp measurements, 

the expansion was more 

accurate for the first premolar 

(93.53%) and less for the first 

molar (70.55%). 

 

The percentage of expansion 

obtained was less than the 

percentage of 

expansion planned in all 

measures but were not 

statistically significant for all 

measurements (inter-canine, 

inter-premolar, and intermolar) 
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crown height 

(greater than 4 mm),  

- patients with good 

compliance. 

Lione et 

al., 2023 

(23)  

Prospe

ctive  

23 subjects (14 males, 9 

females, mean age 9.4± 

1.2 years). 

- European ancestry,  

- Posterior transverse 

discrepancy between 

maxillary and 

mandibular arches 

up to 6mm,  

- Mixed dentition 

stage,  

- Presence of first 

permanent molars.  

- All patients 

presented a mesial 

step or a flush 

terminal. 

- Non extraction, NO 

IPR, and no 

auxiliaries were 

used.   

- good compliance 

with aligners. 

Use of 

Invisalign 

first system 

in 

maxillary 

arch 

developme

nt with no 

auxiliary 

Linear measurements of 

the expansion were 

assessed and compared 

between three different 

virtual models obtained 

from an STL files: 

- Pretreatment STL 

model (T1) obtained 

by scanning the 

maxillary arch before 

starting treatment. 

- Post-treatment STL 

model (T2) obtained 

from scanning the 

maxillary arch at the 

end of the treatment. 

- STL model from the 

final model 

programmed on the 

software (T2 

Clincheck). 

The greatest increase of 

maxillary width was detected at 

the level of the upper first 

deciduous molars (+3.7± 

1.4mm), followed by the level 

at the second deciduous molars 

(+3.4± 1.6mm) and by the 

deciduous canine (+2.6± 

2.0mm). 

 

The effective transversal 

expansion (T2) in relation to the 

planned one with the Clincheck 

(T2 Clincheck), the first molar 

showed the highest 

predictability (83%), followed 

by the deciduous canine (81%), 

the second deciduous molars 

(79%) and the first 

deciduous molars (77%). 

Santucc

i et al., 

2023 

(22)  

Retros

pective 

32 subjects (13 males, 19 

females, mean age 29 ± 

9.75 years). 

 

- Adult patients   18 

years. 

- Non-extraction 

treatment. 

- Treated without any 

expansion 

auxiliaries. 

- CBCT of adequate 

quality available 

before and after 

treatment. 

- Good compliance. 

- Patients who needed 

transverse expansion 

for ideal treatment. 

Dentoalveo

lar 

expansion 

using 

Invisalign. 

Linear measurements 

were obtained for 

premolars and 

permanent first molars at 

two different points 

for each tooth, lingual 

cusp tip and gingival 

margin were compared at 

the initiation of treatment 

(T0) and the completion of 

treatment (T1). 

 

CBCT data were used per 

maxillary tooth: Lingual 

cusp tip of the maxillary 

posterior teeth, lingual 

gingival margins 

(cemento-enamel 

junction), to assess the 

tipping movement of the 

teeth.  

 

More expansion was measured 

at the cusp tips compared to 

gingival margins, 

indicating more tipping was 

occurring than bodily 

translation. Digital planning 

also showed a significant 

overestimation of the amount of 

expansion capable, 70% of 

expansion was achieved at the 

level of first premolar area, and 

only 35% at the first molar area. 

Kim et 

al., 2024 

(24) 

Retros

pective  

90 children with mean 

age of 8.42 (±  0.93).  

- Age between 7 and 9 

years old,  

Analysis of 

the 

outcome of 

orthodontic 

treatment 

Four leaner measurements 

were taken at the 

maxillary and mandibular 

primary canines, first and 

second primary molars, 

The predictability of the 

expansion of the maxillary teeth 

was 71.1% for primary canines 

and 53.4%for  first permanent 

molars; the predictability of the 
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- Mixed dentition. 

- Fully erupted first 

permanent molars.  

- Planned arch 

expansion with 

Invisalign First 

system.  

- Good compliance. 

using the 

Invisalign 

first system 

and first permanent 

molars. Six digital models 

were obtained;  (1) 

pretreatment (initial), (2) 

predicted, and (3) 

posttreatment models for 

both the maxillary and 

mandibular arches. 

expansion of the mandibular 

teeth was 81.1% primary 

canines  and 69.4% first 

permanent molars. The 

predictability of arch expansion 

was significantly higher in the 

mandibular arch compared to 

the maxillary arch and 

significantly lower in the 

permanent first molar than in 

the other primary teeth. 

 

 

Risk of bias assessment results 

All the included studies had an unclear 

risk of bias in the sequence generation and 

allocation concealment domains (Table 2). 

No blinding was performed in any of the 

studies, thus, all trials were considered to 

have a high risk of bias. All the included 

studies were evaluated as low risk in the 

incomplete outcome data and selective 

outcome reporting domains but had a high 

risk concerning potential threats to the 

validity domain, primarily due to design-

specific risks arising from reliance on patient 

compliance wearing the aligners. The risk of 

bias was generally minimal across all 

included studies. 

 

DISCUSSION 

Clinicians need to consider scientific 

evidence, clinical experience, and patient 

preferences when developing an orthodontic 

treatment plan. The literature suggests a 

growing trend in dental arch expansion 

research for CAT, with a focus on treatment 

outcomes. This review investigated the 

effectiveness of clear aligners in achieving 

dentoalveolar expansion of the maxillary 

arch. Seven studies were included in the 

review, four of which were conducted on 

adults and three on younger patients.  

Among those with adult patients, only two 

studies utilised cone-beam computed 

tomography (CBCT) to evaluate the 

efficiency of the expansion and assessed the 

torque of the upper teeth (21,22). The other 

studies evaluated the tipping in relation to the 

para-coronal plan (17,18). Zhou et al. 

reported the greatest expansion efficacy 

occurred in the premolar area (21),  which is 

supported by the findings of Santucci et al. 

and Galluccio et al (18,22).  

The studies assessed the effectiveness of 

CAT in terms of its ability to expand the 

dental arch using bodily movement rather 

than tipping. Bodily movement is particularly 

advantageous as it leads to more stable and 

predictable outcomes compared to tipping 

movement which is  associated with a higher 

tendency for relapse to occur, making bodily 

movement the preferred approach for 

achieving long-term success in dental arch 

expansion. One study concluded that 

planning software predicted a greater degree 

of expansion than what was actually 

achieved, showing a statistically significant 

increase in angular inclinations for all teeth 

underwent expansion (22). Similarly, 

Galluccio et al., found that expansion 

treatment had an overall clinical accuracy of 

70.88% and  mainly occurred through dental 

tipping rather than bodily movements (18). 

Lombardo et al. and Lione et al. stated that 

although the expansion may not have been  

fully achieved as planned and mainly 

occurred with dental tipping, CAT can 

expand the dental arch and correct the dental 

crossbite (12,26). Furthermore, the effect of 

CAT material on arch expansion was also 
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investigated,  reporting that the new 

generation of aligner material, SmartTrack 

material, has more predictability in achieving 

the planned movements compared to the 

previous generation, Ex30 (12,26). This 

contrasts with that reported by Solano-

Mendoza et al. who stated that arch expansion 

is not predictable with Ex30 aligner material 

(27). 

Three studies evaluated the effectiveness 

of CAT in younger patients. One study 

reported that the Invisalign First system 

enhances the maxillary arch form and 

increases the transverse dimension at the 

level of the canine and primary molar areas 

(23). This is mainly due to the aligner design 

which fully encases the clinical crowns. 

Similarly, Lombardo et al. reported that CAT 

might be more effective than rapid maxillary 

expanders (RME) in promoting arch 

development in the anterior segment of the 

maxilla.9 This could be due to the RME's 

reverse "V" pattern of expansion which 

encounters increased skeletal resistance in the 

anteroposterior direction (12). Integrating 

digital planning and customisation options 

with CAT offers a significant advantage in 

optimizing arch expansion and aligning 

treatment with individual patient needs. Chi 

Hoon Kim et al.  assessed the expansion 

achieved in mixed dentition using the 

Invisalign First system, observing higher 

predictability in the mandibular arch than in 

the maxillary arch (24). One of the limitations 

in predicting outcomes for growing patients 

is the oversight of how growth impacts arch 

expansion but the short interval between pre-

and post-treatment assessments with aligners 

allows for less than 0.5 mm of spontaneous 

transverse growth in the maxillary arch 

typical for this age group. Thus, CBCT 

evaluation is essential to determine if the 

observed changes were due to growth or 

dentoalveolar changes. 

Although CAT has become popular due to 

its comfort, aesthetic appeal, and ease of use, 

the decision between CAT and traditional 

braces should be based on the individual 

orthodontic needs of each patient to 

effectively meet both functional and aesthetic 

goals. This review revealed that CAT holds 

promise to expand narrow dental arch and 

achieve acceptable results but there are 

conflicting results and study limitations such 

as small sample sizes and short durations, 

thus orthodontists are hesitant to use CAT for 

complex cases (28). Previous studies suggest 

that CAT primarily achieves expansion 

through dental tipping rather than bodily 

movements, which may not guarantee 

stability (29–31), hence, the effectiveness of 

CAT in expansion remains controversial, 

highlighting the urgency for additional 

comprehensive and long-term studies to 

address these limitations. 

When interpreting the results of this 

review, it is important to acknowledge 

several limitations. Firstly, despite 

implementing a comprehensive search 

strategy covering a wide array of literature, 

some pertinent articles may have been 

inadvertently omitted. Secondly, 

retrospective studies may inherently present 

challenges such as selection bias, information 

bias, and confounding factors, potentially 

affecting the internal validity of the findings. 

Common sources of bias identified included 

the participant selection process and the 

measurement of outcomes, especially in 

instances where outcome assessors were not 

blinded. Furthermore, this review did not 

examine other critical aspects of CAT, such 

as result retention, root resorption, treatment 

duration, and cost, as these were outside its 

scope. 

 

 

Table 2. Summary of the studies’ risk of bias according to the Cochrane risk of bias assessment 
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tool (25). The domains were assessed as low (green), high (red) or unclear (yellow) risk of bias 

 
 

CONCLUSIONS 

 

1. Most expansion movements achieved 

with CAT were through dental tipping rather 

than bodily movements, with the highest 

efficacy in the premolar area. 

2. It is crucial to plan for overcorrection, 

ensuring that the desired alignment and 

expansion are achieved to enhance CAT 

treatment efficacy. 

3. Buccal root torque should be 

incorporated with expansion movements to 

facilitate more bodily movements and 

improve the overall effectiveness of CAT. 

4. Utilising   CAT in younger patients is 

particularly effective for arch development 

and transverse malocclusion correction, 

especially in the canine segment
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