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Lower molar distalization using clear 
aligners: Is it effective? A systematic 
review
Horodynski Martina, De Stefano Adriana A., Bottone Ernesto, 
Impellizzeri Alessandra, Vernucci Roberto A. and Galluccio Gabriella

Abstract
Distalization is one of the most useful movements in orthodontic treatments. The aim of this systematic 
review is to analyze the effectiveness of lower molar distalization using clear aligner therapy (CAT). 
An electronic search was made from January 2012 to October 2022 using PubMed, Scopus, and 
LILACS databases without language limitations. This systematic review followed the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses checklist. The search strategy resulted 
in 151 studies. A screening was performed to remove duplicates, and all the studies that did not 
respond to our questions for the title or abstract. Three studies underwent full text analysis. From the 
evaluation of the studies included in this review, it is possible to state that lower molar distalization 
is a clinical solution, but it is not a full bodily movement. CAT can provide more specifically a distal 
tipping movement. This is confirmed analyzing the discrepancy between expected movement and 
obtained movement. CAT can be considered a valid therapeutic option in patients with dental class III 
malocclusion, but it is obtained as a tipping movement instead of a body movement. Over-correction 
should be considered during the planning of the therapy.
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Introduction

Distalization is an important movement 
to gain space in arches in patients 

with III skeletal class or with crowding, 
specifically in non‑surgical cases and 
non‑extractive cases.[1,2]

The ideal treatment for mandibular 
prognathism in non‑growing patients 
involves surgical correction of the skeletal 
malposition. However, in patients with 
mild‑to‑moderate skeletal discrepancies 
who refuse to undergo orthognathic surgery, 
camouflage treatment may be used to 
achieve functional occlusion with a normal 
incisor overbite and overjet.[3]

Lower molar distalization is a difficult 
movement to obtain because the mandibular 
bone is thicker and the lower molar 
morphology is more complex than the upper 
molar morphology.[4]

Nowadays, various techniques have been 
introduced in orthodontics with the aim 
of accelerating and stimulating tooth 
movement, especially in cases where there is 
low predictability of movement or to reduce 
the side effect and to decrease the time of 
orthodontic treatment.[5‑10]

Clear  al igners  are widely used in 
orthodontics because of their esthetics, 
comfort, and efficiency in treatments that 
require molar distalization.[11‑13] It is possible 
to program tooth movements during clear 
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aligner therapy (CAT) using specific software in the 
design stage. Molar distalization has a high expression 
rate with CAT, but often, there is a discrepancy between 
the expected movements and effective movements.[14‑17] 
In scientific literature, there are a lot of studies about 
efficiency of CAT, but there are a few studies that 
analyzed distalization of lower molars.[17‑19]

The aim of this study is to evaluate the scientific evidence 
related to the efficacy of lower molar distalization using 
only CAT without a miniscrew through a systematic 
review of the literature. The present systematic review 
was performed to answer the following clinical research 
question: Is CAT without a miniscrew effective in lower 
molar distalization or there are mostly uprighting 
movements?

Methods

Protocol and eligibility criteria
In October 2022, a systematic search in the medical 
literature (Scopus, PubMed, and Lilacs databases) 
was performed to identify all peer‑reviewed articles 
potentially relevant to the review’s question. In 
this systematic review, the search and selection 
strategy were developed by following standards and 
guidelines reported in the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses) 
statement.[20]

Search strategy
The search strategy was “(Molar distalization) 
AND ((Clear Aligner) OR (Invisalign))”. Keywords 
employed were the same in each database. Our research 
covered the period from January 2008 until October 
2022. No language restrictions were applied. Only 
studies on humans were included, with male and female 
participants older than 18 years old.

Randomized controlled trials (RCTs) and cohort, 
case‑control, longitudinal, and epidemiological studies 
were all considered, while case reports, case series, 
reviews, books or book chapters, abstracts, and editorials 
were excluded. Studies that analyzed lower molar 
distalization with CAT and miniscrews were excluded.

Selection process
Two independent reviewers checked the initial collection 
of articles. A first screen was performed by examining 
titles and abstracts; subsequently, full texts were assessed 
for eligibility criteria.

Data items
The data items collected were author, year of publication, 
sample size, mean age, aligner system, and effectiveness 
of lower molar distalization.

Methodological quality assessment
A grading system described by the Swedish Council on 
Technology Assessment in Health Care (SBU) was used 
to rate the methodological quality of the articles and to 
assess the level of evidence of this review [Table 1].

Evaluation of methodological quality gives an indication 
of the strength of evidence provided by the study because 
flaws in the design or in the conduction of a study can 
result in biases.

Data analysis
To perform this systematic review, there were analyzed 
studies that calculated how many millimeters of lower 
second molar distalization can be achieved by using CAT 
to define a quantitative evaluation of the movement and 
to establish the effectiveness of aligners in lower molar 
distalization.

Results

Study selection
The search strategy resulted in 151 studies. A first screening 
was performed to remove duplicates, so 27 articles were 
removed. Then, all studies that did not respond to the 
study question for the title or abstract were excluded: only 
three studies underwent full text analysis [Figure 1].

Study characteristics and quality of the individual 
studies
Three studies were included: a preliminary study, a 
retrospective study, and an RCT. All the data considered 
and the quality of evidence of the individual studies are 
reported in Table 2.

According to the SBU tools, the methodological 
quality of the studies was evaluated. In this way, it is 
possible to have a specific indication of the strength 
of evidence provided by the studies because flaws in 

Table 1: SBU grading system to assess the level of 
evidence of a systematic review
Grade Criteria
A (High value 
of evidence)

Randomized clinical study or retrospective 
study with a well‑defined control group.
Defined diagnosis and endpoints.
Diagnostic reliability tests and 
reproducibility described.
Blinded outcome assessment.

B (Moderate 
value of 
evidence)

Cohort study or retrospective case series 
with a defined control or reference group.
Defined diagnosis and endpoints.
Diagnostic reliability tests and 
reproducibility described.

C (Low value 
of evidence)

Large attrition.
Unclear diagnosis and endpoints.
Poorly defined patient material.
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the design or in the conduction of a study can result 
in biases.

The grade of evidence of the analyzed studies influenced 
the level of evidence of our review. There are four levels 
of evidence of a review, as reported in Table 3. The 
studies that were analyzed had a grade B of evidence, 
so the level of this review is supposed to be 3.

Results of single studies
The sample size ranged from 16 to 32 subjects: 37% were 
male and 63% were female. All subjects were 18 or older. 

Two of the three studies were made in China and the 
other one in Italy. The results of each study analyzed 
are included in Table 4.

The retrospective study by Han et al.[21] calculated 
distalization of the crown and root of first and 
second lower molars through cone beam computed 
tomography (CBCT) and Dolphin software. The 
movement directions of L6 and L7 crowns were both 
distal. The movement amount was smaller than expected. 
The difference was statistically significant for crowns and 
roots for both lower molars.

Figure 1: Flowchart from the PRISMA method ‑– article selection process

Table 2: Study characteristics and quality of the individual studies
Author Type of study Sample size Mean age Aligners applied Quality of evidence (SBU grading system)
Rota et al.[23] 2022 Preliminary study 16 (8M; 8F) 25,6 Invisalign B
Han et al.[21] 2021 Retrospective study 32 (9M; 23F) 24,83 Invisalign B
Wu et al.[22] 2021 RCT 20 (8M; 12F) Unknown Invisalign B
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To measure actual displacement, the authors[21] used the 
expression rate: the percentage ratio between actual and 
expected displacements.

(Expression rate = actual movement/expected 
movement × 100%).

The expression rate of the L6 crown was 67.19% ± 20.13%, 
and that of the L7 crown was 58.47% ± 21.07%. The 
expression rate of L6 roots was 37.87% ± 33.72%, and 
that of L7 roots was 57.03% ± 48.48%.

Wu et al.[22] analyzed first and second lower molar 
distalization considering roots and different points on 
the crowns using CBCT and Dolphin software. As in the 
previous study, these authors calculated the distalization 
expression rate. For the first molar, the efficiency was 
71% for the crown and 47% for the root; the second molar 
distalization efficiency was 74% for the crown and 49% 
for the root.

Second and first molars were accompanied by depression, 
distal tilt, and buccal tilt with 1.06 mm, 2.10°, 2.27° and 
0.91 mm, 1.62°, 1.91°, respectively, with significant 
differences between T0 and T1 (P < 0.05).

Rota et al.[23] analyzed RX cephalograms taken before the 
treatment (T0) and after the end of the treatment (T1) 
of 16 patients. All of them had a Class III malocclusion, 

and the protocol comprised intermaxillary Class III 
elastics to counteract the proclination of lower incisors 
during the entire distalization phase. Through the 
cephalograms, the following parameters were used to 
measure changes in the lower molar position. Through 
these parameters, the mean distalization of the first 
lower molar was 1.16 mm and the mean distalization of 
the second lower molar was 2.47 mm. For both molars, 
there was a significant tipping movement (P < 0.05). The 
global position of lower molars, measured considering 
the distance from the Co‑Go line and occlusal and root 
references, did not show any significant changes.

Discussion and Conclusion

The present systematic review was conducted to evaluate 
the scientific evidence related to the efficacy of lower 
molar distalization using CAT without a miniscrew.

The scientific evidence of this review is moderated, and it 
is obviously influenced by the limitations of the analyzed 
studies. All of them had a poor sample size; one of them 
was a retrospective study with its intrinsic biases and 
problems. The number of analyzed studies also was 
poor because scientific literature focused specifically on 
upper molar distalization.

Two studies analyzed lower molar distalization by using 
CBCT and Dolphin software to calculate movements; the 
other one did it through RX cephalograms. The difference 
between the methods used to calculate the distalization 
limited the possibility to do a quantitative evaluation 
of the results.

As reported in the analyzed studies,[21‑23] it is possible to 
state that lower molar distalization is a clinical solution, 
but it is not a full bodily movement. Specifically, the 

Table 4: Comparative table of the results of the selected studies
Study Results
Rota et al.[23] 2022 Lower second molar mean distalization: 2.47 mm; significant tipping (P=0.027)

Lower first molar mean distalization: 1.16 mm; significant tipping (P=0.003)
Han et al.[21] 2021 Lower first molar distalization:

Average efficiency of the crown=67.19% (2.03±1.00 mm)
Average efficiency of the root=37.87% (1.53±1.80 mm)
Statistically significant difference between the achieved movement amount and the expected amount (P<0.05)
Lower second molar distalization:
Average efficiency of the crown=58.47% (2.16±1.00 mm)
Average efficiency of the root=57.03% (0.78±2.16 mm)
Statistically significant difference between the achieved movement amount and the expected amount (P>0.05)

Wu et al.[22] 2021 Lower first molar distalization:
Effective rate of crown distalization: 71% (0.96±0.65 mm)
Effective rate of root distalization: 47% (0.83±0,62)
Lower second molar distalization:
Effective rate of crown distalization: 74% (1.29±1.25 mm)
Effective rate of root distalization: 49% (1.11±1.14 mm)
Significant difference between T0 and T1 (P<0.05)

Table 3: Definitions of  evidence  level
Level Evidence Definition
1 Strong At least two studies assessed with level “A”
2 Moderate One study with level “A” and at least two 

studies with level “B”
3 Limited At least two studies with level “B”
4 Inconclusive Fewer than two studies with level “B”
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second lower molar crown can be moved distally for a 
maximum of 2.47 mm and a minimum of 1.19 mm; the 
second lower molar root distalization range was between 
0.78 mm and 0.83 mm. For the first molar, the maximum 
crown distalization was between 2.03 mm and 1.16 mm; 
root distalization was between 1.58 mm and 0.83 mm.

CAT can provide more specifically a distal tipping 
movement. This is confirmed analyzing the discrepancy 
between expected movement and obtained movement. 
There is a difference between distalization of the first 
lower molar and the second one too because the space 
behind the second molar is more represented when third 
molars were removed before treatment.

CAT can be considered a valid therapeutic option 
in patients with dental class III malocclusion where 
it is necessary to perform uprighting or to correct 
minor class III dental discrepancies to achieve Class I 
molar relationship, but it can obtain mainly a tipping 
movement. Over‑correction and miniscrews should be 
considered during the planning of the therapy.

Considering all the results of this systematic review, it 
is recommended that future researchers should include 
more RCTs with a rigorous methodology and a proper 
sample size to increase the evidence of the future studies 
and to develop defined protocols in daily clinical practice.

CAT is effective in lower molar distalization, but there 
is a difference between movements of the first and 
second molars and its efficiency seems to be lower than 
distalization in the upper arch.

List of abbreviations
CAT: Clear aligner therapy
RCT: Randomized controlled trial
SBU: Swedish Council on Technology Assessment in 
Health Care
CBCT: Cone beam computed tomography.
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