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Abstract

Background/Objectives: Maxillary molar distalization is a commonly used orthodontic
approach for correcting dentoalveolar Class Il malocclusions. However, the predictability
of such movements when performed with clear aligners remains uncertain. This system-
atic review aimed to identify the effectiveness and most predictable protocol for achieving
maxillary molar distalization using clear aligner systems. In this review, effectiveness was
defined as the amount of distal movement achieved (mm), while predictability was de-
fined as the ratio between achieved and planned movement (%). Methods: A systematic
review was conducted following the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement across PubMed-Medline, Scopus, Embase, Web
of Science, and Cochrane Handbook databases, with no restrictions on language or pub-
lication date. The search was performed up to April 2026. Studies evaluating maxillary
molar distalization with clear aligners were screened based on predefined eligibility cri-
teria. Results: Of the 1388 articles initially identified, 16 met the inclusion criteria (11 ret-
rospective cohort studies and 5 prospective experimental studies), comprising a total of
461 patients. Reported distalization effectiveness varied widely, ranging from 31.1% to
88.4%. A meta-analysis could not be performed owing to substantial clinical and method-
ological heterogeneity. Conclusions: Clear aligners can achieve maxillary molar distaliza-
tion; however, the effectiveness decreases as greater distal movement is prescribed, mak-
ing it unlikely that the clinician’s ideal plan will be fully realized. The use of auxiliary
elements, such as Class II elastics, attachments, or skeletal anchorage devices, may reduce
anterior proclination and enhance posterior anchorage. Longer aligner-wear intervals
(e.g., 14 days) were associated with higher predictability in several of the included studies,
although the current evidence is insufficient to establish this interval as definitively supe-
rior.

Keywords: clear aligners; molar distalization; effectiveness; predictability; attachments;
auxiliaries
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1. Introduction

A variety of techniques have been proposed to manage Class II malocclusions in pa-
tients of different ages and with diverse anatomical characteristics [1]. When the aim is to
correct a dentoskeletal Class II relationship, functional orthopedic treatment is generally
considered the option of choice; however, this approach is limited to growing patients and
primarily targets the skeletal component. In individuals who have completed growth,
maxillary molar distalization represents a viable alternative. This treatment modality is
effective for establishing a Class I molar and canine relationship, gaining space, and re-
tracting the maxillary anterior teeth [2].

Since the 1950s, headgear has been the most widely used appliance for maxillary mo-
lar distalization. Nevertheless, successful distalization with this approach relies heavily
on patient cooperation and adherence to the prescribed intraoral and extraoral devices [3].

The use of fixed multibracket appliances to distalize maxillary molars has been asso-
ciated with undesirable side effects, including molar tipping and/or loss of anterior an-
chorage during distalization [4]. In contrast, some authors have suggested that these un-
wanted movements may be minimized when treating with clear aligners, as the full cov-
erage of the crowns may provide improved vertical and transverse control. A key limita-
tion of this approach, however, is the frequent need for additional anchorage devices to
enhance the predictability of the planned distalization [4].

Conversely, other authors argue that the predictability and effectiveness of molar
distalization with clear aligners remain inadequate, and that the amount of movement
achieved with aligners is inferior to that obtained with multibracket fixed appliances or
with temporary skeletal anchorage devices (TSADs) used as adjuncts. One possible expla-
nation is that, unlike Ni-Ti archwires, the force delivered by aligners exhibits exponential
stress relaxation within the first hours of wear. Moreover, intraoral degradation of the
polymeric material may further decrease the forces exerted during treatment [5,6].

Although most of the current evidence focuses on the Invisalign® system, numerous
competing clear aligner systems are now available, employing different materials, thick-
nesses, and digital planning software. These variations may influence the biomechanics
and, consequently, the predictability of tooth movement [5].

Therefore, a clear understanding of the predictability and magnitude of maxillary
molar distalization achievable with clear aligners, the optimal aligner change interval for
predictable distalization, and the influence of attachments or intermaxillary elastics on
treatment outcomes is essential. Such knowledge may help identify the most predictable
and effective protocol for maxillary molar distalization with clear aligner systems.

2. Materials and Methods

2.1. Registration and Focused Question

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA statement) and the Cochrane
Handbook for Systematic Reviews of Interventions version 6.5 (updated August 2024).
Cochrane, 2024. Available from www.cochrane.org/handbook. [7]. The systematic review
protocol was previously registered in PROSPERO (Registration ID: CRD42024573061).

The aim was to synthesize the available evidence regarding maxillary molar distali-
zation using clear aligners. The PICO question guiding the review was: “What is the ef-
fectiveness of maxillary molar distalization with clear aligners, and which factors influ-
ence its predictability?”

Given the heterogeneity in aligner brands, staging protocols, auxiliaries, measure-
ment methods, and timing of outcome assessment described in the following sections, this
objective was understood as a synthesis of the available evidence on effectiveness and
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predictability, rather than an attempt to identify a single, universally superior distaliza-
tion protocol.

2.2. Eligibility Criteria

The inclusion criteria comprised:

Population: Patients undergoing orthodontic treatment with clear aligners requiring
maxillary molar distalization.

Intervention: Orthodontic treatment with clear aligners involving maxillary molar
distalization.

Comparison: Comparison between planned and achieved tooth movement, and
across different treatment-related factors (e.g., aligner change protocols, use of attach-
ments or auxiliaries).

Outcome: Effectiveness (capability of an intervention to produce a desired, beneficial
result) and predictability (discrepancy between planned and achieved movement) of max-
illary molar distalization and factors influencing the results.

For the purposes of this review, effectiveness was defined as the amount of distal
movement achieved, measured in millimeters, reflecting whether clear aligners produced
a clinically useful movement; predictability was defined as the ratio between the achieved
and the planned (prescribed) distal movement, expressed as a percentage. Although re-
lated, these two outcomes are conceptually distinct, and both terms are used according to
these definitions throughout the Results, Discussion, and tables. Whenever reported by
the original studies, bodily distal movement and distal tipping were considered different
types of tooth movement and were described separately.

Controlled clinical trials, randomized clinical trials (RCTs), cohort studies, case—con-
trol studies, cross-sectional studies, and multicenter studies were included.

Exclusion criteria included studies not addressing the PICO question, systematic or
narrative reviews, case series, case reports, and in vitro investigations.

2.3. Search Strategy and Information Sources

An electronic search was performed across five major health science databases: Pub-
Med-Medline, Scopus, Embase, Web of Science, and Cochrane Handbook. Reference lists
of the included articles were hand-searched to identify additional eligible studies not de-
tected electronically. The search was conducted up to 1 April 2026, with no restrictions on
publication year or language.

The search strategy employed a combination of three MeSH (Medical Subject Head-
ings) terms (“Predictability,” “Distalization,” and “Aligners”) and twelve additional free-
text keywords, such as ‘Movement accuracy’, “Efficacy’, ‘Molar distalization’, “Upper mo-
lar distalization’, ‘Maxillary molar distalization’, “‘maxillary arch distalization’, ‘Sequential
distalization’, ‘distal movement’, ‘Clear aligner’, ‘clear aligner therapy’, ‘thermoplastic
aligner” and ‘Invisalign’. Terms were combined using Boolean operators (“AND,” “OR”)
in predefined groups to ensure a comprehensive search. The complete, database-specific
search strategies, including field tags, Boolean operators, filters, and search dates, are re-
ported in Table 1.

Table 1. Search strategy for identifying studies in electronic primary databases.

Database/Source

Search Strategy, Filters, and Search Date

PubMed-Medline

(searched via PubMed.gov)

(“predictability” [Title/Abstract] OR “movement accuracy” [Title/Abstract] OR
“efficacy” [Title/Abstract]) AND (“distalization” [Title/Abstract] OR “molar dis-
talization” [Title/Abstract] OR “upper molar distalization” [Title/Abstract] OR
“maxillary molar distalization” [Title/Abstract] OR “sequential distalization” [Ti-
tle/Abstract] OR “maxillary arch distalization” [Title/Abstract] OR “distal move-
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ment” [Title/Abstract]) AND (“aligner” [Title/Abstract] OR “clear aligner” [Ti-
tle/Abstract] OR “clear aligner therapy” [Title/Abstract] OR “thermoplastic
aligner” [Title/Abstract] OR “invisalign” [Title/Abstract])
Filters: none (all languages, all publication dates). Search date: up to 1 April 2026.
Records retrieved: 534.

Scopus

TITLE-ABS-KEY ((“predictability” OR “movement accuracy” OR “efficacy”)
AND (“distalization” OR “molar distalization” OR “upper molar distalization”
OR “maxillary molar distalization” OR “sequential distalization” OR “maxillary

arch distalization” OR “distal movement”) AND (“aligner” OR “clear aligner” OR
“clear aligner therapy” OR “thermoplastic aligner” OR “invisalign”))
Filters: none applied. Search date: up to 1 April 2026. Records retrieved: 206.

Embase
(embase.com)

("predictability’/exp OR ‘movement accuracy’:ti,ab OR “efficacy’/exp) AND (‘tooth
distalization’/exp OR “distalization’:ti,ab OR ‘molar distalization”:ti,ab OR “upper
molar distalization’:ti,ab OR ‘maxillary molar distalization’:ti,ab OR ‘sequential
distalization”:ti,ab OR ‘maxillary arch distalization’:ti,ab OR “distal move-
ment’:ti,ab) AND (‘clear aligner’/exp OR “aligner’:ti,ab OR ‘clear aligner’:ti,ab OR
‘clear aligner therapy’:ti,ab OR ‘thermoplastic aligner”:ti,ab OR ‘invisalign’:ti,ab)
Filters: none applied. Search date: up to 1 April 2026. Records retrieved: 17.

Web of Science
(Core Collection)

TS = ((“predictability” OR “movement accuracy” OR “efficacy”) AND (“distaliza-
tion” OR “molar distalization” OR “upper molar distalization” OR “maxillary
molar distalization” OR “sequential distalization” OR “maxillary arch distaliza-
tion” OR “distal movement”) AND (“aligner” OR “clear aligner” OR “clear
aligner therapy” OR “thermoplastic aligner” OR “invisalign”))

Filters: none applied. Search date: up to 1 April 2026. Records retrieved: 627.

Cochrane Library

(CENTRAL, Cochrane Handbook

line-by-line strategy)

#1 (aligner OR “clear aligner” OR “clear aligner therapy” OR “thermoplastic
aligner” OR invisalign):ti,ab,kw
#2 (distalization OR “molar distalization” OR “upper molar distalization” OR
“maxillary molar distalization” OR “sequential distalization” OR “maxillary arch
distalization” OR “distal movement”):ti,ab,kw
#3 (predictability OR “movement accuracy” OR efficacy):ti,ab,kw
#4 #1 AND #2 AND #3
Filters: none applied. Search date: up to 1 April 2026. Records retrieved: 4.

Hand-search

Reference lists of all included articles were manually screened to identify addi-
tional eligible studies not detected electronically. Records retrieved: 1.

2.4. Screening Process and Data Collection

All retrieved studies were exported to Mendeley Desktop (version 1.19.5; Mendeley
Ltd., Elsevier, https://www.mendeley.com) for the removal of duplicates. Screening fol-
lowed the PRISMA statement and was performed in sequential phases:

Title screening by two independent reviewers (PB and NZ-M).

Abstract review to assess preliminary relevance.

Full-text evaluation for compliance with inclusion criteria.

Disagreements were resolved by discussion or consultation with a third reviewer
(CB-A). The two authors undertook a comprehensive review of the full texts of the articles
in question, with a view to ensuring that they met the ideal requirements for entry into
the results table. Some articles were excluded from further analysis because they lacked
the requisite data for inclusion or did not address the PICO question.

Data extracted from each included study comprised: author, publication year, study
design, measurement protocol, sample size, demographic characteristics, aligner brand,
treatment characteristics, aligner change interval, outcome variables, and assessed risk of
bias.
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2.5. Risk of Bias and Quality Assessment

The quality of observational studies was assessed by the same investigators inde-
pendently. The Newcastle-Ottawa Scale (NOS) [8] was used, which evaluates selection,
comparability, and outcomes, with a maximum score of nine points. The scale was used
for the assessment of cohort, case—control, and cross-sectional studies and comprises eight
items distributed across three categories: patient selection, comparability of study groups,
and outcomes.

The eight items are set out below:

Selection

Representativeness of the exposed cohort.
Selection of the unexposed cohort.
Verification of exposure.

=W N =

Demonstration that the outcome of interest was not present at the start of the study.
Comparability

5. Comparability of cohorts based on study design or analysis.

Outcomes

6. Assessment of the outcome.
7. Was the follow-up period long enough for the outcomes to occur?
8. Adequacy of cohort follow-up.

Each of these elements is awarded a single star, except for comparability, which may
receive a maximum of two stars, resulting in a maximum score of nine stars.

Prospective experimental studies were evaluated using the ROBINS-I tool [9] and the
Risk-of-bias plots were generated using the robvis package (version 0.3.0) in R [10] for
non-randomized intervention studies. Studies labelled by their original authors as “pro-
spective” were non-randomized prospective clinical studies comparing software-planned
and achieved tooth positions, rather than randomized controlled trials; this terminology
is used descriptively throughout the review, and risk of bias for these studies was assessed
with ROBINS-I rather than a randomized-trial tool. No true cross-sectional studies report-
ing planned-versus-achieved distalization outcomes were identified during the search,
and none were ultimately included in the qualitative synthesis.

The scale comprises seven items, and each item is assigned a value (low, moderate,
serious, critical, or no information) based on the extent of compliance with the correspond-
ing item.

The seven items are set out below:

Bias in the randomisation process.
Allocation concealment.

Blinding of participants and staff.
Blinding of outcome assessment.
Incomplete outcome data.

Bias in the selection of reported outcomes.

NSOk L=

Other sources of bias.

Any discrepancies among the researchers were resolved through consensus, and if
necessary, a third researcher (CB-A) was consulted to address any concerns.

Inter- and intra-examiner reliability was assessed using Cohen’s kappa coefficient,
with a reported value of 0.88, indicating high reproducibility. Additionally, the GRADE-
pro GDT (GRADEpro Guideline Development Tool) (https://www.gradepro.org) was
used to evaluate the certainty of evidence and classify its quality. The certainty of the ev-
idence was rated for the two main outcomes of this review (achieved distal movement
and predictability of maxillary molar distalization) across the domains of risk of bias, in-
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consistency, indirectness, imprecision, and publication bias, following the GRADE ap-

proach.

3. Results
3.1. Study Selection

The preliminary electronic search identified 1388 references across the five databases:
534 from PubMed, 206 from Scopus, 17 from Embase, 627 from Web of Science, and 4 from
Cochrane. One additional study was detected through manual searching. After removing
149 duplicates and excluding 10 records not retrievable, 1229 records remained for title
and abstract screening. A total of 1174 studies were subsequently excluded for reasons
including unavailable full text, inadequate study design, or not meeting inclusion criteria.
The full texts of 55 articles were assessed, of which 39 were excluded: 35 for not adequately
addressing the PICO question and 4 for failing to properly evaluate molar distalization.
Reasons for exclusion are detailed in Table S1.

Ultimately, 16 studies met all eligibility criteria and were included in the final syn-
thesis. The PRISMA 2020 checklist was followed (Table S2) and the PRISMA 2020
flowchart [7] summarizing the selection process is presented in Figure 1.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

of studies via and registers | Identification of studies via other methods
g " Records removed before
s R“SLT:QZ?ZQQ?":??QQ Sc’e;:';"’g;(e P Records identified from:
: Soopie (o 208) (n=149) Organisatione (1 <0)
- . . e
£ Cochrane CENTRAL (n=4) Recoids narked asinelgble Citation searching (n = 1)
2 Web of Science (n=627) yiattomatlon ipelsdn =10)
2 i Records removed for other
Embase (T=17) reasons (n =0)
Records screened Records excluded™*
(n=1229) (n=1174)
Reports sought for retrieval | Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=55) "l n=0 (n=1) (n=0)
£
g
g
: ! !
0
Reports assessed for eligibilty i ) Reports assessed for eligibility
(=55 »| Reports excluded (n=39): {nHt)
Reason 1 (n = 35) Reports excluded:
Reason 2 (n = 4) n=0)
Reason 3 (n = 8)
P
3| | Studies included in review
| | n=19
2| | Reports of included studies
£l | n=0
J

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi: 10.1136/bmj.n71. For more visit: http: tat org/

Figure 1. PRISMA 2020 flow diagram [7] for new systematic reviews, which includes searches of

databases, registers, and other sources.

3.2. Study Characteristics

The variables collected from all the articles included in the present review are com-
piled in Tables 2—4, which separately summarize study characteristics, treatment proto-
cols, and outcomes, in accordance with reviewer recommendations.
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Table 2. Characteristics of the included studies (study design, sample, and measurement protocol).

m: men; w: women; N: sample size; y: year.

Sample Size, Age, Records/Measurement

Author/Year Study Design Aligner System
Gender Protocol

o Plaster and resin models;

N=26;11m, 15w; Invisalign®; >1.5 mm of
pre-treatment, planned

(ClinCheck®) and end-of-

distalization records

Simon et al., Retrospective cohort

mean age 32.9 +16.3 molar distalization re-
2014 [2] study

y (range 13-72) quired

. . N=20;9m,11w; Invisalign®; sequential Lateral cephalograms at
Raveraetal, Retrospective multicenter o .
mean age 29.73 + 6.89 distalization protocol =~ TO (beginning) and T1

2016 [4] study )
y “two-thirds” (end of treatment)

Intraoral STL scans; pre-
N=16;4m, 12 w;

mean age 25.7 £ 8.8y  Ordoline® aligners
(range 18-45.5)

D’Anto etal., Prospective experimental treatment, planned (set-

2023 [5] study up) and final records (end

of distalization phase)

CBCT + intraoral STL

N=7;, meanage Invisalign®; upper mo- scans; pre-treatment,
26.64 £3.02 y (range lar distalization with ~ planned (ClinCheck®)
23.1-31.5) Class II elastics and final records (end of
treatment)

Lin et al., 2023 Retrospective cohort
[6] study

Intraoral STL scans; pre-

Miao et al.,, 2023 Prospective experimental Angelalign® (EA Medi- treatment, planned (set-
15 w; mean age 25.94 )
[11] study cal Instruments©)  up) and final records (end

Y of distalization phase)

N =22 molars; 7 m,

Intraoral STL scans; pre-

Haouili etal., Prospective experimental N =38;13m,25w; Invisalign®; different treatment, planned

2020 [12] study mean age 36y types of movements  (ClinCheck®) and final

records (end of treatment)

Scanned plaster cast mod-

. . . . els; pre-treatment,
Grunheid et al., Retrospective cohort N=30;13m,17w; Invisalign®; different )
planned (ClinCheck®)

2017 [13] study mean age 21.6 9.8y types of movements L

and end-of-distalization

records
N =18; gender not Lo 3D CBCT scans; pre-treat-
) ) . Invisalign®; V-pattern
Cui et al., 2022 Retrospective cohort specified; mean age _ . . ) ment, planned
bilateral maxillary first- ) )
[14] study 27.8 +5.38 y (range T (ClinCheck®) and final
molar distalization

18-38) records (end of treatment)

) ) ) N=38;4m,34w; Invisalign®; maxillary Intraoral STL scans; pre-
Saif et al., 2022 Prospective experimental

mean age 25.4 y molar distalization treatment, planned
[15] study

(range 17-39) without Class Il elastics  (ClinCheck®) and final

https://doi.org/10.3390/jcm15145568
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records (end of distaliza-

tion phase)

Scanned plaster cast mod-

Invisalign®; maxillary
N =43;,5m, 38 w;

mean age 28.15 + 6.94
y

sequential distalization

Lietal., 2023 Retrospective cohort

[16] with V-pattern; 2-week

study
protocol

els; pre-treatment,

planned (ClinCheck®)

and final records (end of

distalization)

N=79;23m,56 w; Invisalign®; different

mean age 30.8+12y

Castroflorio et  Prospective experimental

al., 2023 [17] types of movements

study

Intraoral STL scans; pre-

treatment, planned

(ClinCheck®) and final

records (end of treatment)

Invisalien® (Group 2
N =40; 20 m, 20 w; gno( p2)

mean age 28515y
(range 18-35)

Chenetal., 2023  Retrospective observa- vs. multibracket fixed

(18] appliances + mi-

tional case—control study
croimplants (Group 1)

Plaster models, digital

models and radiographs;

pre-treatment, planned

(set-up) and final records

(end of treatment)

N=30;11m, 19 w; Invisalign®; molar dis-

Retrospective cohort
mean age 32.9 +16.3

Simon et al.,
2014 [19]

talization with and

study

y (range 13-72) without attachments

Scanned plaster cast mod-

els; pre-treatment,
planned (ClinCheck®)
and end-of-distalization

records

Invisalign®; sequential
N=10;2m, 8 w;

mean age 22.7 £53y

Caruso et al,, Retrospective cohort

2019 [20]

distalization protocol

study .
“two-thirds”

Lateral cephalograms at
T0 (beginning) and T1

(end of treatment)

N=14; mean age Invisalign®; sequential

Retrospective cohort o .
33.61 £ 8.57 y (range molar distalization with

Mamani et al.,

2024 [21] study

Lateral cephalograms at
T0 (beginning) and T1

(end of treatment);

20-49) Class II elastics planned movement as-
sessed with ClinCheck®
N =30; two groups: )
CBCT + intraoral STL
N =17 miniscrew
. . . Invisalign®; maxillary ~ scans; pre-treatment,
Liu et al, 2024 Retrospective multicenter group (mean age 26.7 T )
sequential distalization planned (ClinCheck®)

£5.2y), N=13elas-
tics group (mean age
304+9.3Yy)

22 stud
2] y protocol “50%”

and final records (end of

treatment)

https://doi.org/10.3390/jcm15145568
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Table 3. Treatment protocols of the included studies (staging protocol, attachments/auxiliaries,

third-molar status, and aligner change interval). NR: not reported/not specified in the original pub-

lication.

Author/Year

Distalization/Staging Proto-

col

Attachments/Auxiliaries

Third-Molar

Aligner Change Interval,

Wear Time, Treatment

Simon et al.,
2014 [2]

Molar distalization > 1.5 mm
with horizontal beveled gin-

gival attachment

Horizontal beveled gingival

attachment

Ravera et al.,,

Sequential “two-thirds” dis-

talization protocol; rectan-

Rectangular vertical attach-
ments in molars and premo-

lars; Class II elastics to rein-

Status .
Duration
NR Not specified
Aligner change every 14
Not present

or previously

days; wear time 22 h/day;

2016 [4] gular vertical attachments in ) average treatment time
force anchorage during ante-  extracted
molars/premolars . ) 24.3 + 4.2 months
rior retraction
Distalizing staging protocol
. . Rectangular attachments on Not present .
D’Anto etal,, of 50%, horizontal rectangu- . Aligner change every 10
. 1st/2nd molars; Class II elas- or previously .
2023 [5] lar attachments in 1st/2nd ) days; wear time 22 h/day
tics all day extracted
molars
Upper molar distalization Aligner change/wear time
Lin et al., 2023 with Class II elastics; un- ) NR, not speci- not specified; average
. . ) Class II elastics ) .
[6] specified “sequential maxil- fied treatment time 13.78 + 8
lary distalization” months
) ) o Microimplants between 2nd Not present .
Miao et al.,, 2023 Sequential molar distaliza- . Aligner change every 14
. premolar and 1st molar to  or previously .
[11] tion protocol of 50% days; wear time 22 h/day
prevent anchorage loss extracted
. Not specified as a distaliza- )
Haouili et al., . . . . Aligner change every 10
tion-specific staging proto- Not specified NR .
2020 [12] I days; wear time 22 h/day
co
. o Aligner change every 14
L Not specified as a distaliza- )
Griinheid et al., » ) o days; wear time 22 h/day;
tion-specific staging proto- Not specified NR )
2017 [13] | average treatment time 11
co
+ 4 months
. V-pattern sequential distali- Not present .
Cui et al., 2022 . . . . . Aligner change every 10
zation for bilateral maxillary Not specified or previously )
[14] i days; wear time 22 h/day
first molars extracted
Maxillary molar distaliza- o Aligner change every 10
) ) ) . Auxiliaries other than at-  Not present .
Saif et al., 2022  tion without Class II inter- . days; wear time 22 h/day;
. ] ... tachments; no Class Il elas- or previously ) )
[15] maxillary elastics; auxiliaries average time to achieve

other than attachments

tics

extracted

distalization 6.7 months

https://doi.org/10.3390/jcm 15145568
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Lietal., 2023
[16]

Maxillary sequential distali-
zation with V-pattern (2-
week aligner-change proto-
col); Class II elastics or
miniscrews to reinforce an-

chorage

Class II elastics or minis-

crews (manufacturer-recom-

mended attachments)

NR, not speci- Aligner change every 14

fied days; wear time 22 h/day

Castroflorio et

Comparison of 7-, 10- and

Not present Aligner change every 7-14

1, 2023 [17] 14-day aligner-change Not specified or previously days (compared groups);
al.,
groups (treatment design) extracted wear time 22 h/day
Group 1: fixed appliances + o Not present .
Chen et al., 2023 L Microimplants (both . Aligner change every 14
microimplants; Group 2: or previously
[18] ) groups) days
clear aligners extracted
) Molar distalization with (a)  Rectangular attachment )
Simon et al., . Aligner change every 14
and without (b) attachment (subgroup a) vs. no attach- NR )
2014 [19] days; wear time 22 h/day
support ment (subgroup b)
Sequential “two-thirds” dis- . . Aligner change/wear time
L . Class 1I elastics; vertical rec- »
Caruso etal,, talization protocol; vertical . not specified; average
. tangular attachments in up- NR .
2019 [20] rectangular attachments in treatment time 1.9 £ 0.5
per molars and premolars
upper molars/premolars years
. Sequential maxillary molar Not present .
Mamani et al., R ) . . Aligner change every 7
distalization with Class II Class II elastics or previously .
2024 [21] . days; wear time 22 h/day
elastics extracted
Maxillary sequential distali- _
. . Miniscrews (one group) vs. Not present
Liu et al., 2024 zation “50%” protocol; . . Aligner change every 7-14
L Class II elastics (other or previously )
[22] miniscrew anchorage vs. days; wear time 22 h/day
. group) extracted
Class II elastics
Table 4. Outcomes of the included studies (planned vs. achieved movement, predictability, molar
comparison, and key results). M: molar; Percentages in Table 4 that were not explicitly reported by
the original authors were calculated by the review team as achieved/planned movement x 100 and
are indicated as such.
Timing of Planned vs. Achieved 1st vs. 2nd Molar Key Results/Adverse
Author/Year Predictability (%)
Assessment Movement Comparison Effects

Simon et al., 2014 End of distaliza- Predicted distalization 1.5-3.9 ment support), reported Not significantly differ-

(2]

tion phase

mm; mean achieved 2.6 mm

86.9% (without attach-

jointly with Simon et al.

[19]

Average real movement
2.6 mm; movement of up-
ent between molars per molars was the most

effective movement

End of compre-

Ravera et al., 2016
[4]

hensive treat-

M distalized 2.52 mm

ment

1st M distalized 2.25 mm; 2nd Not reported as a single

percentage

Distal movement without
Second molar showed

significant tilting (p = 0.27
slightly greater distal

and p = 0.056) or vertical
movement than first

movement
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D’Anto et al., 2023 End of distaliza-

Prescribed distal movement 2

Significant differences be-

79.9% (2nd molar) Not addressed tween prescribed and
[5] tion phase mm; achieved 1.5 mm
achieved movement
Achieved 1st M distaliza-
End of compre- 37.2% (mesiopalatal
1st M distobuccal cusp tion significantly less than
Linetal, 2023 [6] hensive treat- cusp) to 56.1% (distobuc- Not addressed

ment

achieved 0.84 + 0.6 mm
cal cusp)

planned; treatment accu-

racy varied by cusp

Miao et al., 2023 End of distaliza-

1st M: 1.25 £ 0.79 mm achieved
~57.6% (1st M) and
vs. higher predicted; 2nd M:
~53.0% (2nd M), calcu-
1.41 +1.00 mm achieved vs.

Deviational movements Achieved distalization sig-

between 1st M nificantly different from

[11] tion phase lated from reported with/without attach- predicted values in both
higher predicted (both p <
means ments differed (p = 0.011) groups
0.001)
End of compre- 62.4% (2nd M distal Distal crown tip movement
Haouili et al., 2020 2nd molar more accurate
hensive treat- Not reported in mm crown tip) vs. 58.4% (1st of 2nd M more accurate
[12] than 1st molar
ment M) than 1st M
Difference for 1st M: 0.27 + 0.30 Not reported as a single Significant differences be-
Griinheid etal.,  End of distaliza- Not significantly differ-
mm (CI 0.14-0.41); 2nd M: 0.07  percentage (landmark tween intended and
2017 [13] tion phase ent between molars

+0.81 mm (CI 0.07-0.20) best-fit method)

achieved tooth positions

End of compre-
Cui et al,, 2022 [14] hensive treat-

ment

1st M distalization range 2.57 +
83.44% (1st M) and
1.15 mm (p < 0.01); 2nd M 2.98
85.14% (2nd M)
+1.84 mm (p <0.01)

Not significantly differ- No obvious vertical move-

ent between molars ment or tilt (p <0.05)

End of distaliza-
Saif et al., 2022 [15]
tion phase

1st M: prescribed 2.39 + 1.03 ~75.7% (1st M) and

mm, achieved 1.81 + 0.84 mm; ~72.3% (2nd M), calcu-
2nd M: prescribed 2.56 + 1.06 lated from reported

mm, achieved 1.85 + 0.88 mm means

Significant differences be-

tween prescribed and
Not significantly differ-
achieved movement; corre-
ent between 1st and 2nd
lation between distal
molars
movement and anchorage

loss of incisors

End of distaliza-
Lietal., 2023 [16]
tion phase

1st M: 0.882 + 0.8299 mm 36.48% (1st M) and

achieved vs. 2.418 + 1.1908 mm 41.94% (2nd M) overall;

planned (p <0.001); 2nd M: retraction group
1.108 £ 0.9661 mm achieved vs.  31.5%/35.63%; non-re-
2.642 +1.2279 mm planned (p < traction group

0.001) 48.14%/52.51%

Significant difference be-
Not significantly differ-
tween retraction and non-
ent between molars
retraction subgroups

End of compre-
Castroflorio et al.,

1st M predicted movement  Not reported as a single

0.49 + 0.74 mm, lack of move- percentage; 14-day inter-

Lack of movement signifi-

cant for all movements (p <
Not significantly differ-

hensive treat-  ment 0.21 £ 0.26 mm; 2nd M val associated with 12% 0.01); 14-day protocol re-
2023 [17] ent between molars
ment predicted 0.45 + 0.78 mm, lack  less lack of correction duced lack of correction vs.
of movement 0.21 + 0.20 mm than 7-day interval 7-day protocol

End of compre- G1:4.78 + 0.57 mm total distali- ~ Comparative: 17% Not addressed for 1st vs.

Chen et al., 2023 Fixed-appliance distaliza-
hensive treat- zation; G2 (aligners): 4.86 +  greater efficacy reported 2nd molar within aligner

[18] tion associated with

ment

0.27 mm total distalization  for aligners (G2) vs. fixed

group
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appliances (G1); 19 fewer greater molar tipping and

days to distalize 1st M in mesial drift of 2nd molars

G2

Simon et al., 2014 End of distaliza-

Distalization of upper

88.4% with attachment molars was the most ef-  High accuracy of molar

Not reported in absolute mm

(SD 0.2); 86.9% without fective movement re-  distalization irrespective of

[19] tion phase in this subgroup analysis
attachment (SD 0.16) gardless of attachment attachment use
use
Significant distal move-
ment of upper molars (p <
End of compre-
Caruso et al., 2019 Not reported as a per- 0.01) without distal tip-
hensive treat- Not reported in mm Not addressed

[20]

ment

centage ping, confirming bodily
movement with vertical

control

End of compre-
Mamani et al., 2024
hensive treat-
[21]
ment

1st M: 0.91 £ 0.28 mm achieved

vs. 2.23 + 0.27 mm planned; Second molar showed Actual distalization mark-

40.11% (1st M) and

2nd M: 0.86 + 0.25 mm edly lower than planned

slightly lower predicta-
35.39% (2nd M)

for both molars

achieved vs. 2.43 + 0.53 mm bility than first

planned

End of compre-
Liu et al,, 2024 [22] hensive treat-

ment

Miniscrew group 1st M: 1.21 =
1.15 mm vs. 3.34 £ 0.90 mm Achieved distalization sig-
36.2-43.9% (efficiency of
planned; 2nd M: 1.56 + 1.28 nificantly less than pre-
maxillary arch distaliza-

mm vs. 3.66 + 0.88 mm; Elastics
tion); no significant dif-

group 1st M: 1.40 + 0.86 mm vs.
ference between minis-

No significant difference
dicted in both groups; no

between 1st and 2nd mo-
significant difference be-
lar performance
3.36 £ 0.79 mm; 2nd M: 1.55 + tween miniscrew and elas-
crews and elastics
0.83 mm vs. 3.59 + 0.74 mm (all tics anchorage

p <0.001)

The 16 included articles comprised 11 retrospective cohort studies [2,4,6,13,14,16,18—
22] and 5 prospective experimental studies [5,11,12,15,17], published between 2014 and
2024. The combined sample consisted of 461 patients: 117 males, 295 females, and 25 par-
ticipants whose sex was not reported. Participant age ranged from a mean of 36 years [12]
to 21.6 years [13], depending on the study.

Most studies employed Invisalign® aligners; two used other commercial systems
(Anglealign® [5] and Ordoline® [11]).

Substantial heterogeneity was observed in measurement methods: many studies
used digital models (intraoral scans or scanned plaster models), often paired with
ClinCheck® or equivalent planning software to predict and evaluate the discrepancies be-
tween the actual and predicted movements [2,5,11-13,15-17,19]. Three studies relied on
radiographic evaluation [4,20,21], one used pre- and post-treatment CBCT imaging to ob-
serve 3D tooth movements and changes in mandibular position [14], and three applied a
combination of CBCT or lateral cephalograms with digital models [6,8,22].

To evaluate the predictability and analyze the differences between planned and ac-
tual movements, some studies employed specific software that superimposed the images
based on craniofacial structures or reference planes, such as the pterygoid plane, the pal-
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atal plane, or the occlusal plane, and created three-dimensional coordinate systems
[4,6,14,16,20-22]. In contrast, other studies employed the landmark best-fit alignment
method [5,12,13,17] proposed by Griinheid et al. [13], the superposition of the palatal ru-
gae area and landmark register [11,15], or other mathematical models [2,18,19] as a means
of measurement.

The determination of final records likewise differed: some authors assessed outcomes
at the end of the entire treatment [4,6,12,14,17,18,20-22], while others evaluated results
immediately after the distalization phase [2,5,11,13,16,19]. Only one study [4] included
refinements in the final analysis. A single article divided the sample into two groups, tak-
ing records before the retraction of the anterior teeth and when the anterior teeth had
already retracted by more than 2 mm [15].

Mean treatment duration varied widely. Some studies did not specify whether the
reported timeframes pertained to the maxillary molar distalization phase or to the com-
plete orthodontic treatment. Additionally, seven studies did not report mean treatment
time [2,5,11,12,14,16,18]. The shortest treatment time was 6.7 months [15], while the long-
est mean time was 24.3 months [4].

Of the 16 articles included in the present review, five evaluated the predictability of
movements in the mesiodistal plane together with other types of movements, such as an-
terior torque or rotations [2,9,12,17,19]. The remaining articles mainly evaluated the dis-
talization of maxillary molars in Class II cases [4-6,11,14-16,18,20-22].

Distalization protocols were inconsistent. Approaches included: V-shaped sequential
distalization [14,16], 50% sequential distalization [5,11,22], two-thirds sequential protocols
[4,20], or unspecified “sequential maxillary distalization” [6,21].

Use of auxiliaries also varied. Many studies incorporated Class II elastics [4-
6,11,15,16,20-22], attachments [2,4-6,15,16,19-22], or microscrews [8,16,18,22], while oth-
ers did not specify whether auxiliaries were used [2,12-14,17,19]. All studies instructed
patients to wear aligners 22 h per day.

Aligner change intervals ranged from 7 days to 14 days, with one study using 7-day
protocols [21], six studies using 14-day protocols [4,11,13,16,18,19], and four using 10-day
protocols [5,12,14,15]. One study directly compared 7- and 14-day schedules [17]. Never-
theless, some studies did not report the change interval, or the change rate was unclear
[2,6,20,22].

3.3. Results of Individual Studies

The primary objective of this analysis was to ascertain the degree of predictability
and the effectiveness associated with the maxillary molar distalization movement
achieved using aligners. Reported predictability of maxillary molar distalization varied
substantially, ranging from 31.1% [6] to 88.4% [19]. Four of the included studies were con-
firmed to report predictability/effectiveness values at or below 40% [6,16,21,22], whereas
the remaining studies for which a percentage outcome was reported showed higher val-
ues, including Miao et al. [11] (approximately 53-58%), Cui et al. [14] (83.4-85.1%) up to a
maximum of 88.4% (86.9-88.4%) in Simon et al. study [19].

The amount of achieved distalization in the maxillary first molars also exhibited var-
iability across studies, with a minimum distal movement of 0.84 mm [2] and a maximum
of 4.86 mm [18]. In the case of the second molars, the distal movement achieved ranged
from 0.86 mm [21] to 2.98 mm [14].

Regarding differences between molars, seven studies found no significant difference
between the distalization predictability of first and second molars [2,5,15-17,19,21]. Four
reported slightly greater predictability in second molars [4,11-13], and five did not ad-
dress the comparison [6,14,18,20,22].
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One study directly compared clear aligners with fixed appliances, reporting 17%
greater effectiveness in distalizing first molars with aligners and noting that bracket-based
distalization produced increased molar tipping and reciprocal mesial drift of second mo-
lars [18].

To make this synthesis more structured, Table 5 stratifies the reported effective-
ness/predictability and achieved-movement values by two key dimensions: timing of out-
come assessment and distalization protocol.

Table 5. Descriptive quantitative synthesis of effectiveness/predictability and achieved distal move-

ment, stratified by timing of outcome assessment and by distalization protocol.

Number of Studies (Refer- Predictability/Effec-  Achieved Distal

tratification Fact t
Stratification Factor Category ences tiveness Reported Movement Reported
Timing of assess-  End of distalization 712,5,11,13,15,16,19] ~36.5-88.4% (where 0.84-2.60 mm
ment phase reported)
Timi £ - Endof hen- ~35.4-85.1% (wh
iming of assess n | of comprehen 9 [4,6,12,14,17,18,20-22] 35.4-85.1% (where 0.86-4.86 mm
ment sive treatment reported)
Distalization proto- V-patFern{sequential 2 [14,16] 36.5-85.1% 0.88-2.98 mm
col distalization
Distalizati to- 9 tial dis-
istalization proto- - 50% sequential dis 3[5,11,22] 36.2-79.9% 1.21-1.85 mm
col talization
Distalization proto- Two-tlllirdé sequential 2 [4,20] Not reported as a per- 995952 mm
col distalization centage
e Unspecified “sequen-
Distalizat to-
ista 1zaC:1’“ PO 4ial maxillary distali- 2[6,21] 35.4-56.1% 0.84-0.91 mm
zation”
3.4. Risk of Bias and Quality Assessment
Using the Newcastle-Ottawa Scale [8], most retrospective studies scored 7 or 8 out of
9, indicating generally good quality; one study scored 6 [18] (Table 6).
Table 6. Quality assessment of cohort studies, according to the Newcastle-Ottawa Scale. **** = max-
imum of 4 stars for Selection of Participants; ** = maximum of 2 stars for Comparability of Groups;
*** = maximum of 3 stars for Outcome/Exposure Assessment (Performance Measurement); % = one
star awarded, indicating that the study met the corresponding quality criterion.
Selection of Partici- Comparability of Performance Measure-
Author/Year Overall Score
pants (***¥) Groups (**) ment (***)
Simon et al., 2014 [2] 0.2.8.8 ¢ * * %k 8/9
Ravera et al., 2016 [4] 1.8.8 89 * 2.8, ¢ 7/9
Lin et al., 2023 [6] ¥k Kk k * * kK 7/9
Griinheid et al., 2017 [13] ok ok k * * %k ok 8/9
Cui et al., 2022 [14] * ok hk * *k K 8/9
Liet al.,, 2023 [16] %k Kk k * * kK 8/9
Chen et al., 2023 [18] % ok * * %k 6/9
Simon et al., 2014 [19] * Ak Kk * *k Kk 8/9
Caruso et al., 2019 [20] ok kK * * Kk 7/9
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Selection of Partici- Comparability of Performance Measure-
Author/Year Overall Score
pants (***¥) Groups (**) ment (***)
Mamani et al., 2024 [21] 1. 8.8 & ¢ * s %k 8/9
Liu et al., 2024 [22] ok ok k * * %k ok 8/9

Study

The ROBINS-I [9] assessment showed that all prospective studies exhibited an over-
all low risk of bias, with the confounding domain rated as moderate across all five studies.
Risk-of-bias visualizations using the Risk-of-bias plots were generated using the robvis
package (version 0.3.0) in R [10] are presented in Figures 2 and 3.

Risk of bias domains

[ Overall |

D'Anto et al., 2023 [5]

Miao et al., 2023 [11]

Haouili et al., 2020 [12]

Saif et al., 2022 [15]

Castroflorio et al., 2022 [17]

Domains:

OMOMORMORMOY -

%
8
:
g

Judgement

D1: Bias due to confounding.
D2: Bias due to selection of participants. = Moderate
D3: Bias i classification of interventions. @ Low

D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data.

D6: Bias in measurement of outcomes,

D7: Bias in selection of the reported resut.

Figure 2. “Traffic light” plots of the domain-level judgements for each individual result according
to the ROBINS-I scale [9] (risk of bias of non-randomized studies of interventions) [5,11,12,15,17].

Source: robvis visualization tool (version 0.3.0) in R [10].

Bias due to confounding | ]
Bias due to selection of participants
Bias in classification of interventions
Bias due to deviations from intended interventions

I
e —
—
Bias due to missing data [
I
s I
I —

Bias in measurement of outcomes
Bias in selection of the reported result
Overall risk of bias

- Low risk D Moderate risk

Figure 3. Weighted bar plots of the distribution of risk-of-bias judgements within each bias domain
according to ROBINS-I scale [9] (risk of bias of non-randomized studies of interventions). Source:
robvis visualization tool (version 0.3.0) in R [10].

Judgments for each ROBINS-I domain were made at the outcome level (achieved dis-
talization/predictability) rather than at the study level as a whole. Confounding was rated
as moderate in all five prospective studies because malocclusion severity, amount of pre-
scribed distalization, use of attachments, elastics, or miniscrews, third-molar status, and
operator planning could not be fully controlled or adjusted for in any of the included de-
signs; this factor, together with incomplete or unclear compliance monitoring, prevented
an overall “low risk” rating from being interpreted as equivalent to the certainty achieva-
ble in a randomized design. For the retrospective cohort studies, Newcastle-Ottawa Scale
scores of 7-8 out of 9 indicate adequate reporting of selection, comparability, and outcome
ascertainment, but, as recommended, these scores should not be interpreted as excluding
residual confounding (e.g., by case severity, prescribed movement, or auxiliary use) or
clinically relevant heterogeneity between studies, which remained substantial for both ef-
fectiveness and predictability outcomes.
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3.5. Certainty of the Evidence (GRADE)

The certainty of the evidence for the two main outcomes of this review —achieved
maxillary molar distalization (mm) and predictability of maxillary molar distalization
(%)—was assessed using the GRADE approach (GRADEpro GDT). Both outcomes were
rated down for risk of bias (non-randomized designs with moderate confounding), incon-
sistency (wide variability in reported values), indirectness (heterogeneous aligner sys-
tems, staging protocols, and outcome timing), and imprecision (small samples and incon-
sistently reported dispersion measures), resulting in an overall certainty of the evidence
rated as very low for both outcomes. The Summary-of-Findings table is presented in Table
7.

Table 7. GRADE Summary-of-Findings table for the certainty of the evidence regarding maxillary
molar distalization with clear aligners. GRADE Working Group grades of evidence: @@ ®® = High
certainty; @B O = Moderate certainty; BB OO = Low certainty; BOOQO = Very low certainty.

Outcome

No. of Studies Certainty Rating Considera-
(Participants)

Certainty of
Evidence Summary of Findings
(GRADE)

Study Design tions (GRADE Domains)

Achieved max-
illary molar

16 studies

Risk of bias: serious (non-
randomized designs; moder-

ate confounding per ROB-

INS-I; inconsistent compli-

ance verification).
Inconsistency: serious
(achieved movement ranged Clear aligners can produce
from 0.84 to 4.86 mm de- clinically relevant distal
pending on prc.)t.oc$)1, system, ©O00 movement of the maxil-
and auxiliaries). lary molars, but the

Non-random-
ized studies
(11 retrospec-

distalization (461 patients)  tive COhOl,‘t; Indirectness: serious (differ- VERY LOW achieved amount is highly
(mm) 5 prospective . . . .
. ent aligner systems, staging variable and consistently
experimental) ..
protocols, and timing of out- smaller than planned.
come assessment).
Imprecision: serious (small
samples; SDs/Cls inconsist-
ently reported).
Publication bias: not for-
mally assessed.
Risk of bias: serious (as
above). Predictability of maxillary
Inconsistency: serious (pre- molar distalization with
dictability ranged from clear aligners is highly
Non-random- 31.1% to 88.4%). variable and cannot be re-
Predictability of ized studies Indirectness: serious (hetero- liably generalized across
maxillary 16 studies (11 retrospec- geneous measurement/su- 1000 systems or protocols; a 14-
molar distaliza- (461 patients) tive cohort; perimposition methods and VERY LOW  day aligner-change inter-
tion (%) 5 prospective outcome timing). val may be associated with
experimental) Imprecision: serious (limited modestly higher predicta-
samples; wide/absent confi- bility in some studies, but
dence intervals). the certainty of this find-
Publication bias: not for- ing is very low.

mally assessed.

4. Discussion
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Maxillary molar distalization has become an increasingly common strategy for cor-
recting Class II malocclusions in adult patients [16]. However, this movement is often as-
sociated with undesirable side effects, such as distal tipping of the molars or unwanted
extrusion [4]. The introduction of clear aligner therapy has represented a significant ad-
vancement in orthodontics, as aligners fully envelop the teeth and may therefore provide
enhanced vertical and transverse control compared with traditional fixed appliances
[4,13].

In recent years, growing interest has focused on understanding how maxillary molar
distalization can be optimized with aligners. The present systematic review aimed to iden-
tify the effectiveness of maxillary molar distalization with clear aligners and the factors
that influence its predictability.

Among the 16 studies included, five had small sample sizes (fewer than 20 partici-
pants), a limitation that can reduce the external validity of individual findings
[5,6,14,20,21]. Overall, the combined sample of 461 participants was relatively homogene-
ous, with mean ages below 40 years and only three studies including adolescents or grow-
ing patients [2,15,19]. The studies by Simon et al. [2,19] included patients aged 13 years
and older, while Saif et al. [15] included participants aged 17 years and older.

Nine of the studies [4,5,11,14,15,17,18,21,22] included only participants with missing
or previously extracted upper third molars, while the remaining seven did not specify
third-molar presence [2,6,12,13,16,19,20]. Most studies used the Invisalign® system, with
only two investigating other aligner brands, thereby increasing the consistency of the da-
taset [5,11].

4.1. Variability in Measurement Methods

A high level of methodological heterogeneity was found, particularly in measure-
ment techniques. Most studies used digital pre- and post-treatment models created from
intraoral scans or digitized plaster models, often evaluated through ClinCheck® or similar
software [2,5,11-13,15-17,19]. Others relied on radiographs [4,20,21] or CBCT [14], while
three employed a combined radiographic-digital approach. The use of radiographs alone
may introduce inaccuracies in measurement due to potential magnification or distortion,
particularly in the case of 2D X-rays. To mitigate potential methodological inconsistencies,
these three studies employed a combined approach, integrating lateral teleradiographs or
CBCT with pre- and post-treatment digital models [6,18,22].

Superimposition methods also differed widely, using either craniofacial reference
planes, palatal rugae, landmark best-fit alignment, or mathematical models. Such varia-
tions likely contributed to inconsistencies in reported distalization accuracy.

4.2. Aligner Change Protocols

Aligner wear schedules varied across studies, with many employing 14-day
[4,11,13,16,18,19] or 10-day intervals [5,12,14,15], and one using a 7-day interval [21]. In
the study conducted by Castroflorio et al. [17], the participants were divided into three
groups based on the frequency of aligner changes: 7, 10, and 14 days. The authors con-
cluded that changing the aligner every 14 days resulted in a 12% reduction in the lack of
correction compared with changing every seven days. Similarly, Al-Nadawi et al. [23] dis-
covered that the 14-day use protocol resulted in significantly enhanced precision in sub-
sequent tooth movements when compared with the 7- and 10-day protocols. Furthermore,
Linjawi et al. [24] demonstrated that aligner or attachment misalignment was less after 15
days of wear compared with the 3-, 7-, and 10-day groups. In a recently published sys-
tematic review, Monisha et al. [25] concluded that the 7-day, 10-day, and 14-day protocols
did not demonstrate any significant difference in efficacy regarding orthodontic tooth
movement, except in the case of certain movements, where superior outcomes were ob-
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served with the 14-day protocol. Accordingly, the selection of the activation schedule
might be contingent upon several factors, including the complexity of the case, patient
comfort, and the orthodontist’s treatment philosophy.

4.3. Predictability of Maxillary Molar Distalization

The studies demonstrated that clear aligners could achieve distal translational move-
ments averaging around 2-3 mm, consistent with prior literature [4]. The studies con-
ducted by Simon et al. [2,19] determined that maxillary molar distalization using aligners
resulted in an average distal movement of 2.6 mm and an effectiveness of 86.9% without
the support of an attachment. However, Rossini et al. [26] deemed the methodology of
this study to be of limited quality and recommended that the results should be interpreted
with caution. As Hmud and Alamri [27] have observed, although the literature indicates
that 2-3 mm of molar distalization is feasible, a distinction between bodily movement and
the backward molar tip should be made and investigated further.

In contrast, D’ Anto et al. [5] reported a predictability of 79.9% for the distalization of
the second molar, with a mean achieved distal displacement of 1.5 mm. It should be noted
that precision is inversely proportional to the amount of distalization to be achieved.

In opposition to the preceding authors, Li et al. [16] attained a predictability of merely
31.5% for the distalization of the first molar and 35.63% for the second molar. Of the pre-
dicted 2.5 mm, only a total of 0.88 mm for the first molar and 1.10 mm for the second molar
were achieved. Some authors have proposed that this discrepancy may be attributed to
the reduction in aligner length following distalization of the maxillary molars, which was
implemented to retract anterior teeth. The reduction in aligner length results in the gen-
eration of a mesial force by the aligners towards the maxillary molars, which in turn
causes mesial movement of the maxillary molars [16,26,28,29]. In a second study group,
the previous authors [16] maintained the length of the aligners, which significantly re-
duced the anchorage loss of the distalized molars. This resulted in a predictability of
36.48% for the distalization of the first molar and 41.94% for the second molar.

4.4. Timing of Outcome Assessment

When comparing studies according to the timing of outcome assessment, an im-
portant distinction emerges between those that evaluated distalization immediately after
the distalization phase and those that assessed outcomes at the end of comprehensive
treatment. Studies ending at the distalization phase generally reported a wide range of
predictability values, from relatively low values such as 36.48-41.94% from Li et al. [16]
or 36.2-43.9% from Liu et al. [22] to higher values such as 79.9% from D’ Anto et al. [5] and
86.9-88.4% from Simon et al. [2,19].

Studies evaluating outcomes at the end of total treatment also tended to show varia-
ble predictability values, from 35.39-40.11% in Mamani et al. [21] to 83.44-85.14% in Cui
et al. [14], partly because subsequent treatment stages, anterior retraction, settling, or re-
finement phases may alter the final position of the distalized molars.

However, measurements taken immediately after distalization may better reflect the
actual efficiency of the distalization protocol itself, whereas end-of-treatment records re-
flect the combined effect of the entire orthodontic sequence.

This methodological difference is clinically relevant because it may partly explain the
considerable heterogeneity observed across studies. Articles ending after the distalization
phase provide a more direct estimate of how much of the programmed distal movement
was truly expressed by the aligners, with less interference from later biomechanical steps.
By contrast, studies assessing patients only at the end of treatment may underestimate or
obscure the true distalization achieved during the active distalization phase, since molar
position can be modified by anchorage loss, anterior retraction mechanics, occlusal set-
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tling, or refinement aligners. Consequently, direct comparison of predictability percent-
ages across studies should be interpreted with caution unless the timing of measurement
is clearly standardized.

4.5. Role of Attachments and Auxiliaries

The majority of the authors employed auxiliaries, including those recommended by
the manufacturer or optimized attachments [2,4-6,15,16,19-22], microscrews [8,16,18,22],
or Class II elastics [4-6,11,15,16,20-22] with the objective of enhancing the predictability
of the movements.

Most authors supported the use of attachments, as they may facilitate maxillary mo-
lar distalization and help counteract unwanted tipping. However, some studies [2,19] as-
serted that there were no notable distinctions between the performance of maxillary molar
distalization with or without the use of attachments or auxiliaries. Ravera et al. [4] indi-
cated in their study that rectangular and vertical attachments located on the buccal side
of the distalized molars are required to create sufficient reciprocal force to oppose the tilt-
ing movement. Other studies have also demonstrated that vertical rectangle-shaped at-
tachments are the most efficient in counteracting the distal tipping effect of maxillary mo-
lars [2,4,15,19]. In a recent study, Khursheed Alam et al. [30] concluded that attachments
can play a significant role in enhancing specific orthodontic movements. One strategy to
enhance posterior anchorage is to incorporate attachments on a larger number of teeth,
ranging from the canine to the second molar.

As mentioned above, during molar distalization with aligners, loss of anchorage is a
common occurrence, particularly in the incisor area. This is due to the reciprocal reaction
force exerted by the teeth in response to the distalization force [31]. Furthermore, in certain
instances, the degree of lack of movement and lack of predictability reaches nearly 40-
50%, as documented by researchers such as Castroflorio et al. [17] or Saif et al. [15]. Some
studies included in the present work have employed Class Il elastics during the distaliza-
tion phase of the maxillary molars or during the retraction of the anterior teeth, with the
objective of circumventing these adverse effects [4-6,11,15,16,20-22].

Some authors have stated that the use of Class II elastics is an effective method for
preventing uncontrolled inclination of anterior teeth and maintaining maximum contact
of the aligner with the teeth [4,5,15,22]. In contrast, other studies have indicated that the
use of Class II elastics is inadequate for preventing anchorage loss and have proposed the
use of microscrews to achieve stronger anchorage directly to the molars or between pre-
molars and molars [8,16]. However, the study by Liu et al. [22] compared the use of Class
II elastics and microscrews during the distalization phase and found no significant differ-
ences between the two groups. In both groups, the achieved distalization of the posterior
teeth was significantly less than the predicted amount, with an efficacy ranging from
36.2% to 43.9%. The heterogeneity observed by the authors of the present study between
studies regarding the protocols of Class II elastics may introduce bias when identifying
the primary risk factors for anchorage loss, as this adverse effect could manifest at any
stage of the tooth movement.

4.6. Distalization Protocols

Another factor that may exert a significant influence on the predictability of the
movements is the distalization protocol. The sequential distalization protocol restricts the
separation between the distalized teeth, thereby enhancing the aesthetic quality and en-
suring optimal contact between the aligners and the teeth, while simultaneously reducing
the flexibility of the plastic material. This may result in a reduction in the unwanted tilting
of the incisors, as evidenced clinically by an increased overbite and loss of palatal root
torque [4,32]. While some authors employed a V pattern [14,16] or the 50% distalizing
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protocol [5,11,22], other authors utilized the two-thirds protocol [4,20], and some used the
term “sequential maxillary distalization” without specifying the protocol [6,21]. These dif-
ferences in the type of distalization may also account for the considerable variability in
the reported predictability percentages or millimeters of distalization found in the litera-
ture. Regardless of the year of publication of the studies, the authors continue to report
different protocols. The literature would benefit from controlled comparative studies eval-
uating the biomechanics and predictability of each protocol.

4.7. Limitations of the Existing Literature

Key limitations identified by the review include substantial heterogeneity in sample
sizes, distalization protocols, and aligner wear schedules; inconsistent measurement
methodologies and superimposition techniques; differences in timing of post-treatment
assessments; and limited reporting on patient compliance, despite instructions to wear
aligners 22 h/day.

In terms of methodology, the authors identified significant methodological heteroge-
neity, with studies employing superimposed digital models [2,5,11-13,15-17,19] and oth-
ers utilizing radiographic records [4,14,20,21]. Although cephalometric-only studies do
not allow assessment of predictability, they were included to evaluate treatment effective-
ness; however, this represents a methodological limitation of the present review.

Furthermore, the superimposition method differed across studies. Some employed
craniofacial structures or reference planes [4,6,14,16,20-22] to assess discrepancies be-
tween planned and actual movements, while others utilized the area of the palatal rugae
[11,15], best-fit alignment methods [5,12,13,17], or alternative mathematical models
[2,18,19].

Such discrepancies may result in variations in the reported results between different
studies. It is therefore recommended that both techniques be used for future studies, as
exemplified by the work of Li et al. [6], which used pre- and post-treatment CBCTs to
observe 3D tooth movements and changes in jaw position, together with the use of overlay
digital models to evaluate the effectiveness of movements.

As detailed above in the dedicated subsection on the Timing of Outcome Assessment,
the point at which distalization outcomes were recorded —immediately after the distali-
zation phase versus at the end of comprehensive treatment— constitutes a key, previously
discussed source of heterogeneity among the included studies and should be borne in
mind when interpreting the pooled range of predictability values reported below.

A formal meta-analysis of studies evaluating outcomes at the end of the distalization
phase was considered; however, it was not performed because of substantial methodo-
logical and statistical heterogeneity across the included studies. The available articles dif-
fered in outcome definition, reporting format, units of analysis, and measurement timing.
Some studies reported distalization in millimeters, others reported percentage of predict-
ability, and several presented cusp-specific or tooth-specific measurements without
providing sufficient dispersion data for pooling. In addition, standard deviations or con-
fidence intervals were inconsistently reported, preventing robust quantitative aggrega-
tion.

Nevertheless, a descriptive quantitative synthesis of the studies ending at the distali-
zation phase suggests marked variability in treatment performance. Reported predictabil-
ity ranged from approximately 31.5% to 88.4%, while achieved distalization generally var-
ied between about 0.9 mm and 2.6 mm. Higher predictability values were reported in
some studies using carefully staged protocols and controlled distalization mechanics,
whereas lower values were observed in studies involving greater prescribed movements
or anchorage-demanding protocols. These findings indicate that clear aligner distalization
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is feasible, but highly sensitive to protocol design, measurement method, and timing of
assessment.

The lack of standardization across studies highlights the need for future research us-
ing uniform outcome measures, clearly defined distalization endpoints, and complete sta-
tistical reporting. Prospective controlled studies should report planned and achieved
movement separately for first and second molars, together with standard deviations and
sample sizes, to allow valid pooled estimates in future meta-analyses.

Despite this limitation, both types of studies were included to avoid excluding rele-
vant clinical evidence and to provide a broader overview of treatment outcomes. There-
fore, the timing of measurements should be carefully considered when interpreting the
results of this review.

A further limitation of the review —and, in the authors’ view, a major source of un-
certainty rather than a minor caveat—is that, although all articles instructed patients to
wear the aligners for 22 h per day, as recommended by the manufacturer, only a few arti-
cles described how compliance was verified, and typically only through verbal confirma-
tion from participants after each appointment [4,11,12,15,16]. Because wear time directly
determines the force and duration of loading actually delivered to the maxillary molars,
undetected variability in compliance may account for a substantial part of the observed
variability in both achieved distalization and predictability, independent of aligner sys-
tem, staging protocol, or auxiliary use. One study included non-compliance performance
among its exclusion criteria [21], whereas the remaining studies did not specify or report
data on this variable [2,5,6,13,14,17-20,22]. Some manufacturers include features named
“compliance indicators”. It should be noted, however, that these features are only availa-
ble in protocols and products designed for teenage patients.

These factors likely contribute to the large variability in distalization predictability
across studies. Future research should standardize protocols, incorporate larger samples,
and employ precise, reproducible measurement strategies.

5. Conclusions
5.1. Accuracy of Maxillary Molar Distalization

The predictability of distalization for first and second maxillary molars ranged from
31.1% to 88.4%, with an overall average movement of approximately 2 mm. However, it
is unlikely that the clinician’s ideal prescription will be fully achieved, and additional ad-
justments or refinement stages are often required.

5.2. Lack of Consensus on Optimal Distalization Protocol

There is currently no agreement in the literature regarding the most effective sequen-
tial distalization protocol. Comparative studies designed to evaluate different staging ap-
proaches are needed to determine which protocol yields the most predictable outcomes.

5.3. Role of Auxiliaries

Class II elastics, miniscrews, and attachments should be regarded as potentially use-
ful adjuncts, rather than as uniformly proven solutions across all protocols and patients.
When used, Class II elastics or miniscrews during maxillary molar distalization with
aligners may help limit uncontrolled proclination of the anterior teeth and enhance pos-
terior anchorage, and rectangular or vertical attachments placed on the buccal surfaces of
molars have been associated with reduced distal tipping forces during treatment; how-
ever, the comparative superiority of any single auxiliary strategy has not been established.

5.4. Aligner Change Intervals
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Longer aligner-change intervals (e.g., 14 days) were associated with increased move-
ment accuracy and improved predictability of maxillary molar distalization in several of
the included studies. However, only one study directly compared 7-, 10-, and 14-day in-
tervals specifically for maxillary molar distalization, and aligner change interval is con-
founded by case complexity, staging protocol, aligner material, attachment design, patient
compliance, and prescribed movement per aligner. The available evidence therefore sug-
gests, rather than confirms, a possible advantage of longer wear intervals, and is not suf-
ficient to support a definitive clinical recommendation of 14 days as superior specifically
for maxillary molar distalization.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jcm15145568/s1, Table S1: Excluded studies with reasons,
Table S2: PRISMA 2020 Checklist.

Author Contributions: P.B.i.M.: Conceptualization, Methodology, Data Curation, Writing—Origi-
nal Draft Preparation. C.B.-A.: Conceptualization, Visualization, Investigation, Validation. B.T.-A.:
Supervision, Validation. V.P.-G.: Supervision, Validation, Writing—Reviewing and Editing. N.Z.-
M.: Supervision, Validation, Writing—Reviewing and Editing. All authors have read and agreed to

the published version of the manuscript.
Funding: This research received no external funding.

Data Availability Statement: Data associated with the study has not been deposited into a publicly
available repository. All data will be available upon request. The datasets generated and analyzed

during the current study are available upon request.

Acknowledgments: During the preparation of this manuscript/study, the authors used the use.ai
tool (GPT 5.4) for the purposes of formatting the manuscript. The authors have reviewed and edited
the output and take full responsibility for the content of this publication. All authors have consented

this acknowledgement.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Dahhas, F.Y.; Al-Saif, E.M.; Alqahtani, A.M.; Al Farraj, N.F.; Alshaikh, M.A.; Almadhi, B.S.; Albuolayan, N.; Alhayaza, H.H.;
Asiri, N.A.; Alshaya, K.H. The potency of Invisalign in class II malocclusion in adults: A narrative review. Cureus 2023, 15,
€49664.

Simon, M; Keilig, L.; Schwarze, J.; Jung, B.A.; Bourauel, C. Forces and moments generated by removable thermoplastic aligners:
Incisor torque, premolar derotation, and molar distalization. Am. J. Orthod. Dentofac. Orthop. 2014, 145, 728-736.

Dai, F.F.; Xu, T.M.; Shu, G. Comparison of achieved and predicted tooth movement of maxillary first molars and central incisors:
First premolar extraction treatment with Invisalign. Angle Orthod. 2019, 89, 679-687.

Ravera, S.; Castroflorio, T.; Garino, F.; Daher, S.; Cugliari, G.; Deregibus, A. Maxillary molar distalization with aligners in adult
patients: A multicenter retrospective study. Prog. Orthod. 2016, 17, 12.

D'Anto, V.; Valletta, R.; Ferretti, R.; Bucci, R.; Kirlis, R.; Rongo, R. Predictability of maxillary molar distalization and derotation
with clear aligners: A prospective study. Int. J. Environ. Res. Public Health 2023, 20, 2941.

Lin, S.Y.; Hung, M.C.; Lu, L.H.; Sun, ].S.; Tsai, S.J.; Chang, J.Z.C. Treatment of class II malocclusion with Invisalign: A pilot
study using digital model-integrated maxillofacial cone beam computed tomography. J. Dent. Sci. 2023, 18, 353-366.

Liberati, A.; Altman, D.G,; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher,
D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
Explanation and elaboration. BM] 2009, 339, b2700.

Wells, G.A.; Shea, B.; O'Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomised Studies in Meta-Analyses; Ottawa Hospital Research Institute: Ottawa, ON, USA, 2014. Available
online: https://ohri.ca/en/who-we-are/core-facilities-and-platforms/ottawa-methods-centre/newcastle-ottawa-scale (accessed
on 30 April 2026).

https://doi.org/10.3390/jcm15145568



J. Clin. Med. 2026, 15, 5568 23 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

Sterne, J.A.; Hernan, M.A_; Reeves, B.C.; Savovic, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.;
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BM] 2016, 355, i4919.
McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias
assessments. Res Synth Methods. 2021, 12, 55-61.

Miao, Z.; Zhang, H.; Yang, Y.; Han, Y.; Leng, ].; Wang, S. Influence of maxillary molar distalization with clear aligners on three-
dimensional direction: Molar distal movement, intrusion, distal tip and crown buccal torque. Prog. Orthod. 2023, 24, 48.
Haouili, N.; Kravitz, N.D.; Vaid, N.R.; Ferguson, D.J.; Makki, L. Has Invisalign improved? A prospective follow-up study on
the efficacy of tooth movement with Invisalign. Am. . Orthod. Dentofac. Orthop. 2020, 158, 420-425.

Grunheid, T.; Loh, C; Larson, B.E. How accurate is Invisalign in nonextraction cases? Are predicted tooth positions achieved?
Angle Orthod. 2017, 87, 809-815.

Cui, J.Y,; Ting, L.; Cao, Y.X,; Sun, D.X,; Bing, L.; Wu, X.P. Morphology changes of maxillary molar distalization by clear aligner
therapy. Int. J. Morphol. 2022, 40, 920-926.

Saif, B.S.; Pan, F.; Mou, Q.; Han, M.; Bu, W.; Zhao, J.; Guan, L.; Wang, F.; Zou, R.; Zhou, H.; et al. Efficiency evaluation of
maxillary molar distalization using Invisalign based on palatal rugae registration. Am. J. Orthod. Dentofac. Orthop. 2022, 161,
e372-e379.

Li, L.; Guo, R.; Zhang, L.; Huang, Y.; Jia, Y.; Li, W. Maxillary molar distalization with a 2-week clear aligner protocol in patients
with class II malocclusion: A retrospective study. Am. J. Orthod. Dentofac. Orthop. 2023, 164, 123-130.

Castroflorio, T.; Sedran, A.; Parrini, S.; Garino, F.; Reverdito, M.; Capuozzo, R.; Mutinelli, S.; Grybauskas, S.; Vaitiekunas, M.;
Deregibus, A. Predictability of orthodontic tooth movement with aligners: Effect of treatment design. Prog. Orthod. 2023, 24, 2.
Chen, X; Shi, Y.; Yuan, J.; Li, Y.; Chen, W. Factors influencing the efficacy of Invisalign in molar distalization and tooth move-
ment. Front. Bioeng. Biotechnol. 2023, 11, 1215169.

Simon, M.; Keilig, L.; Schwarze, J.; Jung, B.A.; Bourauel, C. Treatment outcome and efficacy of an aligner technique regarding
incisor torque, premolar derotation and molar distalization. BMC Oral Health 2014, 14, 68.

Caruso, S.; Nota, A.; Ehsani, S.; Maddalone, E.; Ojima, K.; Tecco, S. Impact of molar teeth distalization with clear aligners on
occlusal vertical dimension: A retrospective study. BMC Oral Health 2019, 19, 182.

Mamani, J.; Sessirisombat, C.; Hotokezaka, H.; Yoshida, N.; Sirisoontorn, I. Effectiveness of clear aligners on sequential maxil-
lary molar distalization: Discrepancy between treatment goal and outcome. J. Clin. Med. 2024, 13, 4216.

Liu, F; Liu, J.; Guo, M.; Li, Z; Shu, G.; Dai, F. Miniscrew anchorage versus class II elastics for maxillary arch distalization using
clear aligners. Angle Orthod. 2024, 94, 383-391.

Al-Nadawi, M.; Kravitz, N.D.; Hansa, I.; Makki, L.; Ferguson, D.J.; Vaid, N.R. Effect of clear aligner wear protocol on the efficacy
of tooth movement. Angle Orthod. 2021, 91, 157-163.

Linjawi, A.L; Abushal, A.M. Adaptational changes in clear aligner fit with time. Angle Orthod. 2022, 92, 220-225.

Monisha, J.; Peter, E. Efficacy of clear aligner wear protocols in orthodontic tooth movement: A systematic review. Eur. |. Orthod.
2024, 46, cjae020.

Rossini, G.; Parrini, S.; Castroflorio, T.; Deregibus, A.; Debernardi, C.L. Efficacy of clear aligners in controlling orthodontic tooth
movement: A systematic review. Angle Orthod. 2015, 85, 881-889.

Hmud, R.; Alamri, A. Evaluating the efficacy and predictability of distalization protocols for maxillary molars in class II treat-
ment with clear aligners: A narrative review. Saudi Dent. . 2024, 36, 1184-1189.

Zhu, Y.; Hu, W.; Li, S. Force changes associated with differential activation of en-masse retraction and/or intrusion with clear
aligners. Korean ]. Orthod. 2021, 51, 32-42.

Jiang, T.; Wu, RY.; Wang, ].K.; Wang, H.H.; Tang, G.H. Clear aligners for maxillary anterior en masse retraction: A 3D finite
element study. Sci. Rep. 2020, 10, 10156.

Alam, M.K.; Hajeer, M.Y.; Shqaidef, A.; Alswairki, H.].; Alfawzan, A.A.; Shrivastava, D.; Srivastava, K.C.; Cicciu, M.; Minervini,
G. Impact of various aligner auxiliaries on orthodontic activity: A systematic review and network meta-analysis. Saudi Dent. ].
2024, 36, 199-207.

https://doi.org/10.3390/jcm15145568



J. Clin. Med. 2026, 15, 5568 24 of 24

31. Giancotti, A; Farina, A. Treatment of collapsed arches using the Invisalign system. . Clin. Orthod. 2010, 44, 416-425.

32. Samoto, H.; Vlaskalic, V. A customized staging procedure to improve the predictability of space closure with sequential align-
ers. J. Clin. Orthod. 2014, 48, 359-367.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm 15145568



