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Systematic Review and Meta-Analysis

Assessment of short-term
skeletal and dental effects
of mandibular advancement
with aligners in class Il
patients: a systematic
review and meta-analysis

Poornima Jnaneshwar’
Krishnaraj Rajaram’

, Rasiga Gandhi™ @,
, Ravi Kannan'’

Aim: This systematic review and meta-analysis aimed to
assess the short term skeletal and dental effects of clear
aligners with mandibular advancement feature (CAMA) in
class Il malocclusion due to mandibular retrognathism.
Methods: An electronic data search was performed without
any restriction in the year of publication in five search engines.
Data were extracted and Newcastle-Ottawa Scale for
observational studies was used to assess the risk of bias. As
necessary, statistical heterogeneity was examined, random
effects model was used in meta-analyses and parameters
assessed by meta-analysis across studies were graded for
quality of evidence. Results: Seven retrospective and five
prospective studies were included. Five studies had low risk,
two had moderate and five had high risk of bias. There was
a significant increase in mandibular length following CAMA
therapy. There was no significant difference in the skeletal
changes brought about by twin block and CAMA. There was
no significant change in maxillary and mandibular incisor
inclination after twin block or CAMA therapy. Conclusion:
It can be concluded that CAMA promoted mandibular growth,
but it was not significantly greater than twin block. There
was no difference in the maxillary and mandibular incisor
inclination with twin block or CAMA therapy.
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Introduction

The global prevalence of class Il malocclusion has been found to be 19.56% in the
permanent dentition and 23% during the mixed dentition period. It can be caused by
mandibular retrognathism, maxillary prognathism or both'2. Functional appliances
are designed to achieve the correction of retrognathic mandible through forward pos-
turing of the lower jaw during the pubertal spurt. The cervical vertebrae maturity indi-
cator (CVMI) is a valid method of assessing skeletal growth, and stages CS3/4 are
considered ideal for achieving maximum skeletal changes®.

The efficacy of various removable and fixed functional appliances has been stud-
ied extensively over the years. Many researchers are under the consensus that a
short-term supplemental increase in mandibular length coupled with changes in the
dentoalveolar structures have been found to aid in class Il correction following func-
tional appliance therapy*’. The Invisalign® system (Align Technology) introduced a
mandibular advancement feature with precision wings in the buccal vestibular aspect,
which incorporated inclined planes to advance the mandible®. Other companies have
recently incorporated a mandibular advancement feature into their aligners or clear
trays to facilitate class Il correction®?.

Removable functional appliances are viewed as bulky, and they lead to excessive
salivation and disturbance of speech™. There has been a growing interest among
clinicians in attempting to achieve the skeletal correction of retrognathic mandi-
ble by using clear aligner mandibular advancement appliance (CAMA). The optical
properties of the clear aligners make them nearly invisible, thus contributing to
improved aesthetics™'S,

It is crucial that the alternative treatment options provided to orthodontic patients
are supported by credible data that proves their clinical efficacy'®. A systematic
review comparing the skeletal and dental efficiency of the CAMA with that of
conventional functional appliances was conducted. This review only used local
databases and was not representative of the global literature'. The current review
included more recent studies, inclusion of research from across globe and not con-
fined to one aligner system or one region, conducted a more thorough meta-anal-
ysis, and included broader international databases (such as SciELO, Virtual Health
Library, and Cochrane). As a result, it provides updated and globally applicable
summary of CAMA’s short-term skeletal and dental effects. The primary aim of
this systematic review and meta-analysis was thus to evaluate the efficacy of
mandibular advancement with the CAMA in producing skeletal changes in class
Il subjects with mandibular retrognathism. The secondary aim was to evaluate
the dental effects of the CAMA on maxillary and mandibular incisor inclination.
These aims were formulated into the following research questions: Does mandib-
ular advancement with clear aligner therapy produce significant changes in the
effective mandibular length? Does mandibular advancement with clear aligners
produce greater skeletal and dental changes than when it is carried out with con-
ventional functional appliances?
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Materials and Methods

Protocols and registration

This systematic review was registered with the International Prospective Register
for Systematic Reviews (PROSPERQ) (CRD42023407203) and reported accord-
ing to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines’.

Eligibility criteria

The inclusion and exclusion criteria were as follows:

Population: Patients with class Il malocclusion due to a retrognathic mandible.
Intervention: A clear aligner appliance with a mandibular advancement feature.

Comparison: A control group treated with conventional functional appliances and/or
an untreated control group. Studies without a control group were included due to the
scarcity of research on this topic in existing literature.

Outcomes: Changes in the effective mandibular length (Co-Gn/Pg- distance from the
condylion to the gnathion or pogonion) and unit mandibular length (Go-Gn/Pg - dis-
tance from the gonion to the gnathion or pogonion).

Secondary outcomes: Changes in the maxillary and mandibular incisor inclination.

Study design: Randomised clinical trials, non-randomised prospective clinical studies
and retrospective cohort studies were included.

Case reports or series, letters to editor, expert opinion, review articles, studies in lan-
guages other than english and those that used other methods of class Il correction
were excluded.

Information sources, search strategy and study selection

MEDLINE, Cochrane Library, Virtual Health Library, Google Scholar and SciELO were
systematically searched without restrictions in the year of publication till January
2024. The search strategy included the terms “mandibular advancement” AND “align-
ers” OR “clear aligners” AND “Class II"” AND “malocclusion”. (supplementary appendix
1) Rayyan software was used to import results’®.

Data collection process and data Items

Authors PJ and RG worked independently to collect the data and compiled them
together. Details of the data collected are given in Table 1. Measures of skeletal and
dental changes and conclusions provided by the authors were gathered for the sys-
tematic review. After comparison of collected data, conflicts were resolved with the
third and fourth reviewers until a consensus was achieved.
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Risk of bias assessment:

Newcastle—Ottawa Scale was used for assessing the risk of bias for non-randomized
retrospective and prospective studies®.

Data synthesis and summary measures

Due to limited availability of clinical trials, an effort was made to include all existing
studies in the systematic review. All the relevant data were summarized in tables,
and any missing data was calculated using appropriate methodologies. Review
Manager 5.4 was used for quantitative analysis of data. As the outcome may be
influenced by patient or appliance related factors, Random effects model was used.
Standardized mean difference (SMD) was estimated for parameters that assessed
incremental changes in mandibular length (Go-Pg, Co-Gn) with aligner mandibular
advancement and twin block; changes in incisor inclination were quantified using
two parameters (L1-MP, U1-PP)3".

T2and |% statistics were used to assess the heterogeneity between the studies and 12
greater than 75% indicated considerable heterogeneity between the studies. Sensitiv-
ity analysis was performed to address heterogeneity that may be associated with fac-
tors like extreme deviation in results and difference in the brand of appliance. Publica-
tion bias was addressed by including a study from unpublished literature. The Grading
of Recommendations Assessment, Development, and Evaluation (GRADE) was used
to identify level of evidence®.

Results

Study selection

A comprehensive literature search was conducted across PubMed, Google Scholar,
Cochrane, SciELO, and the Virtual Health Library using keywords such as “mandibular
advancement”, “clear aligners,” and “Class Il malocclusion.” Literature search provided
693 results in five search engines and after elimination of duplicates, 663 abstracts
were obtained. Screening of title and abstracts eliminated 643 and finally 20 full text
articles were extracted. 12 studies qualified for systematic review; Figure 1 sums up
the reason for elimination of the 8 articles.

Braz J Oral Sci. 2026;25:€269475 6
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Identification of studies via databases and registers

Records removed before screening:
Duplicate records removed (n = 30)
Records marked as ineligible

by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records identified from*:
Databases (n = 693)
Registers (n = 0)

Identification

Records excluded after title
and abstract screening
(n=643)

Records screened
(n = 663)

Reports assessed for Reports excluded:
eligibility (n = 20) Case reports and case series
(h=1)
Use of class 2 elastics (n = 1)
Different outcome assessment
(n=4)
Bias in sample selection (n = 2)

Studies included in
review (n = 12)
Studies included in
quantitative analysis (n = 10)

Figure 1. PRISMA Flow Chart

Study Characteristics

The summary of characteristics of the studies is given in Table 1. Five Prospec-
tive and seven retrospective studies were included with the total patient count of
5558102029 The patient population included those treated with clear aligner mandib-
ular advancement appliances, twin block, Herbst, Vanbeek activator and untreated
controls. The patient’s age ranged from 10 to 14 years. Five of the twelve studies did
not have a control group®'%?”2°_Five studies had twin block, two had Herbst and four
had untreated control groups®262025,

Measurements were made on lateral cephalometric radiographs using digital soft-
ware except Caruso et al.?! and Lombardo et al.?2 Zaky and Negm?® measured on
CBCT images.

The parameters included to assess the changes in mandibular length varied with
every study?°?25%7 Parameters used to assess maxillary and mandibular incisor incli-
nations across studies were similar. A detailed overview of the study results is given

Braz J Oral Sci. 2026;25:269475 7
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in Table 2. The parameters analyzed were unit length of mandible (Go-Pg or Go-Gn),
effective mandibular length (Co-Pg or Co-Gn), lower and upper incisor inclination to
mandibular and palatal planes respectively.

Risk of Bias and Quality of Evidence

Risk of bias for the studies was done using Newcastle—Ottawa Scale for observa-
tional studies (Table 3). Four retrospective studies had low risk of bias because of a
well-defined study population, blinding of operators and inclusion of contro|?0222425,
Caruso et al.?" and Sun et al.” did not include an untreated control group.

Zaky and Negm? included only female subjects, Cremonini et al.™® prescribed class Il
elastics to be worn at night and Kong and Liu* used an expansion arch in pre-=CAMA
stage of treatment, Glaser et al.?® didn't have a control group. Sabouni et al.? had high
risk because of the absence of a control group.

Following were the results arrived at after the descriptive analysis of the findings of all
the studies in Table 2.

Results of Mandibular length

Studies that assessed the skeletal effects of clear aligner mandibular advancement
appliance showed significant increase in mandibular unit length after treatment®1027-29,
Similar results were obtained when the skeletal effects of CAMA were compared with
untreated control??2%_ Blackham?® concluded that twin block produced significant
increase in mandibular length when compared to CAMA. Wu et al.?, Lombardo et al.??
and Sun et al.?® found no preferential increase in mandibular length between twin
block and CAMA group.

Results of Lower incisor inclination

Four groups reported a reduction in lower incisor inclination following CAMA treat-
ment (-1.68°,- 0.11°,-0.44° and-0.58°)82*% In contrast, few reported mild increase in
lower incisor inclination following treatment with similar appliances?”?°. Caruso et al.”’
reported a reduction of 1.5° in lower incisor inclination following twin block treat-
ment?. Hosseini et al.?*and Wu et al.? reported a substantial increase in lower incisor
inclination following Herbst therapy.

Results of Upper incisor inclination

Reduction in maxillary incisor inclination following CAMA therapy was reported in all
the studies, Blackham reported a reduction in upper incisor inclination following twin
block treatment (Table 2).

Meta-analysis

Ten studies were included for meta-analysis, excluding the research that had potential
confounder™. Data for changes in mandibular length could not be effectively extracted
from report of Hosseini et al.>* Meta-analysis was performed for the following param-
eters: comparison of changes in mandibular length after CAMA therapy with pretreat-
ment levels - effective mandibular length (Co-Gn) and unit mandibular length (Go-Pg),

Braz J Oral Sci. 2026;25:269475 8
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comparison of changes in effective mandibular length (Co-Gn) between CAMA and
Twin block, comparison of changes in lower and upper incisor inclination between
CAMA and twin block (Figure 2-6).

Figure 2. Forest plot comparing pre- and post-treatment changes in Go-Pg with clear aligner mandibular
advancement (CAMA) therapy.

Figure 3. Forest plot comparing pre- and post-treatment changes in Co-Gn with CAMA therapy.

Figure 4. Forest plot comparing Co-Gn changes between CAMA and twin block (TB).

Figure 5. Forest plot comparing lower incisor inclination changes between CAMA and TB.

Figure 6. Forest plot comparing upper incisor inclination changes between CAMA and TB.
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Skeletal changes in effective mandibular length (Co-Gn) were not different between
CAMA and twin block p=0.23, SMD-0.26[-0.69,0.17] though one of the studies reported
significant increase in mandibular length with twin block when compared to CAMA
(Figure 4)%. There was significant difference in Go-Pg and Co-Gn measurements after
treatment with CAMA, the p-values were 0.0003, SMD-0.80[-1.23, -0.36] and <0.00001,
SMD-0.63[-0.83, -0.43] respectively (Figure 2,3).

There was no significant change in mandibular incisor inclination in patients treated
with either CAMA or twin block p=0.44, SMD-0.12[-0.44,0.19] (Figure 5). No difference
was found when the inclination of maxillary incisor was compared between the two
appliances, p=0.56, SMD0.14[-0.34,0.63] (Figure 6).

GRADE was assessed to analyze quality of evidence across studies (Table 4). Two of
the five analyses done had high level of certainty, one was moderate, one low and one
had very low levels of certainty.
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Discussion

Literature is replete with evidence proving the efficacy of appliances like twin
block (TB) in treating retrognathic mandible5673334 There has been a constant
increase in the number of patients opting for aligners and the use of mandibular
advancers with aligners have increased®'020-232635 Aim of the present systematic
review was to compare the skeletal and dental effects of CAMA with conventional
functional appliances.

Analysis of the studies revealed that subjects were included based on SNB angle of
Steiner to assess mandibular retrognathia and CVMI staging to assess the growth
status. The time taken for CAMA phase ranged from 9.2 to 10.23 months and
17 to 36 months were the total treatment duration. Mandibular advancement in nine
studies was performed with Invisalign Mandibular Advancement appliance®?20-22.2426-28,
Sun et al.2 and Zaky and Negm?® studied an appliance having bite blocks. Cremo-
nini et al.’® studied an aligner with an anterior bite ramp.

Results of this systematic review and meta-analysis indicated that clear aligners
with mandibular advancement feature were efficacious in increasing the mandib-
ular length in subjects with class Il malocclusion (Figure 2,3), but when the skel-
etal effects were compared with twin block, there was no statistically significant
increase in the effective mandibular length (Figure 4). It is understandable that
the clear aligner advancing appliances do not increase the mandibular length
more than twin block. Koretsi et al.’® compared the effects of five removable
functional appliances and concluded that there were more pronounced skeletal
changes with twin-block.

Data indicating changes in effective mandibular length (Co-Gn) were retrieved from
seven studies and checked for heterogeneity. There was significant increase in man-
dibular length with CAMA (Figure 3)82223262829 Eshani et al.¥’ reported consistent
increase in mandibular length after twin-block treatment.

There have been varied results on mandibular incisor inclination. Meta-analysis com-
paring the lower incisor inclination after CAMA and TB treatment proved that there was
no significant difference in lower incisor inclination after treatment with CAMA or TB
(Figure 5). Franchi et al.® reported that there was no significant increase in lower inci-
sor inclination following activator or bionator treatment, while Pacha et al.®® reported
significant increase in lower incisor inclination following Herbst advancement.

Analyzing the changes in maxillary incisor inclination after treatment with CAMA
and TB showed that no significant proclination or retroclination occurred with either
CAMA or TB (Figure 6)2°23. Caruso et al.?' reported significant reduction in upper inci-
sor inclination after TB treatment. Labial bow incorporated in TB might reduce the
upper incisor inclination if activated.

The results of the current meta-analysis and systematic review partially concur with
those of Yu et al.’” who compared clear aligners with mandibular advancement to
conventional functional appliances in the treatment of Class Il malocclusion in sub-
jects with mandibular retrognathism. Following CAMA therapy, both studies found
a significant increase in mandibular length, demonstrating the effectiveness of this
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treatment in fostering skeletal advancement. In the present study, there was no
statistically significant difference in overall mandibular length (Co-Gn) between the
CAMA and twin block groups, even though Yu et al."” reported a significantly greater
increase in mandibular ramus length (Co-Go) with traditional appliances. In terms
of dental effects, Yu et al. found that aligners were better at controlling lower incisor
proclination than traditional appliances, demonstrating a 1.94° reduction in proclina-
tion. However, the present meta-analysis revealed no statistically significant differ-
ence in lower incisor inclination between the two groups, indicating that the incisor
control offered by both appliances was comparable across the included studies.
Furthermore, both reviews concluded that differences in upper incisor inclination
were negligible in the studied appliances, be it CAMA or twinblock.

The present systematic review and meta-analysis have provided some important
insights into the functional correction of class Il malocclusion by advancing the
mandible forward. There was no significant difference in the amount of mandibular
growth when skeletal changes following treatment with TB and CAMA were com-
pared (p=0.23) (Figure 4). Twin block is a removable appliance, so are the clear aligner
mandibular advancement devices. Though studies comparing the effects of these
two appliances are scarce at this point in time, there is enough evidence in literature to
prove the effectiveness of twin block in promoting the growth of mandible’$3°. CAMA
appliances have incorporated either occlusal bite blocks or vestibular wings similar
to the bite blocks in TB for advancing mandible. The choice of a time-tested appli-
ance like twin block or the expensive alternative of CAMA therapy can be left to the
clinician and patients. Long-term evaluation of treatment results with aligners using
mandibular advancement feature needs to be studied to prove that CAMA provides an
enhanced experience of comfortable care better than conventional appliances, that
are still relevant.

There are limitations in the present study: |- Prospective research comparing the effec-
tiveness of CAMA with untreated controls or other functional appliances is scarce.
Evaluating the effects of a single appliance without a comparative group leads to risk
of selection of study participants directly related to outcome, and five studies did not
have a control group®1°222728 The confounding effect of natural growth is a significant
limitation when interpreting the observed skeletal changes. The lack of reliable com-
parator groups makes it difficult to clearly attribute changes to the intervention alone,
even though some studies tried to account for this by matching participants based
on skeletal maturity indicators like CVMI stages. Prospective studies with such robust
design are required to further the present available knowledge.

[I- Use of mandibular advancement features in aligner is a comparatively novel treat-
ment modality for growth modification and there are no definitive long-term studies
showing skeletal changes as in twin block appliance. Hence, long term evaluation of
treatment results is imperative, but it was not done in any of the included studies.

Conclusion

Based on the low-to-moderate quality evidence, the following conclusions arrived
from this systematic review and meta-analysis: |- Clear aligners with mandibular
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advancement feature provided an increase in mandibular growth when compared to
pre-treatment levels. II- Clear aligners with mandibular advancement feature and twin
block produced similar skeletal effects in promoting mandibular growth. IlI- There was
no significant change with maxillary and mandibular incisor inclination when the den-
tal effects of CAMA and twin block were compared.

Acknowledgments

None.

Conflict of Interest

None.

Data Availability Statement

Datasets related to this article will be available upon request to the corresponding author.

Author Contributions

Poornima Jnaneshwar: Conceptualization, Methodology, Formal Analysis,
Investigation, Writing - Original Draft, Writing - Review and Editing and Visualization.
Rasiga Gandhi: Conceptualization, Methodology, Writing - Original Draft and Writing -
Review and Editing. Krishnaraj Rajaram: Validation and Writing - Review and Editing.
Ravi Kannan: Validation and Writing - Review and Editing. All authors contributed
to the study’s design, data collection, and analysis. They actively participated in
discussing the manuscript’s findings and critically revised and approved the final
version of the manuscript.

References

1. Alhammadi MS, Halboub E, Fayed MS, Labib A, EI-Saaidi C. Global distribution of malocclusion
traits: a systematic review. Dental Press J Orthod. 2018 Nov-Dec;23(6):40.e1-40.e10.
doi: 10.1590/2177-6709.23.6.40.e1-10.0nl. Erratum in: Dental Press J Orthod. 2019 Aug;24(3):113.
doi: 10.1590/2177-6709.24.3.113.err.

2. McNamara JA Jr. Components of Class Il malocclusion in children 8-10 years of age. Angle Orthod.
1981 Jul;51(3):177-202. doi: 10.1043/0003-3219(1981)051<0177:COCIMI>2.0.CO;2.

3. Baccetti T, Franchi L, McNamara JA Jr. The cervical vertebral maturation (CVM) method for the
assessment of optimal treatment timing in dentofacial orthopedics. Semin Orthod.
2005 Sep;11(3):119-29. doi:10.1053/j.s0d0.2005.04.005.

4. Cozza P, Baccetti T, Franchi L, De Toffol L, McNamara JA Jr. Mandibular changes produced by
functional appliances in Class Il malocclusion: a systematic review. Am J Orthod Dentofacial Orthop.
2006 May;129(5):599.e1-12; discussion e1-6. doi: 10.1016/j.ajod0.2005.11.010.

5. Franchi L, Pavoni C, Faltin K Jr, McNamara JA Jr, Cozza P. Long-term skeletal and dental effects and
treatment timing for functional appliances in Class Il malocclusion. Angle Orthod.
2013 Mar;83(2):334-40. doi: 10.2319/052912-450.1. Epub 2012 Aug 29.

Braz J Oral Sci. 2026;25:269475 20



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Jnaneshwar et al.

Pavoni C, Lombardo EC, Lione R, Faltin K Jr, McNamara JA Jr, Cozza P, et al. Treatment timing for
functional jaw orthopaedics followed by fixed appliances: a controlled long-term study. Eur J Orthod.
2018 Jul;40(4):430-6. doi: 10.1093/ejo/cjx078.

O'Brien K, Wright J, Conboy F, Sanjie Y, Mandall N, Chadwick S, et al. Effectiveness of treatment for
Class Il malocclusion with the Herbst or twin-block appliances: a randomized, controlled trial. Am J
Orthod Dentofacial Orthop. 2003 Aug;124(2):128-37. doi: 10.1016/s0889-5406(03)00345-7.

Sabouni W, Hansa |, Al Ali SM, Adel SM, Vaid N. Invisalign treatment with mandibular
advancement: a retrospective cohort cephalometric appraisal. J Clin Imaging Sci. 2022 Jul;12:42.
doi: 10.25259/JCIS_64_2022.

Camci H, Salmanpour F. Comparison of skeletal and dentoalveolar effects of two different
mandibular advancement methods: conventional technique vs aesthetic approach. Eur Oral Res.
2022 May;56(2):96-101. doi: 10.26650/e0r.2022939871.

10.Cremonini F, Cervinara F, Siciliani G, Lombardo L. Class Il treatment in growing patients:
preliminary evaluation of the skeletal and dental effects of a new clear functional appliance.
Appl Sci.2022 Jan;12(11):5622. doi: 10.3390/app12115622.

Xie J, Zheng Y, Wu J. Three-dimensional dentoskeletal effects of the Angelalign A6 clear
aligners in a skeletal Class Il growing patient: a case report. Int Orthod. 2023 Jun;21(2):100756.
doi: 10.1016/j.0rtho.2023.100756.

He J, Hu L, Yuan Y, Wang P, Zheng F, Jiang H, et al. Comparison between clear aligners and
twin-block in treating class Il malocclusion in children: a retrospective study. J Clin Pediatr Dent.
2024 Sep;48(5):125-30. doi: 10.22574/jocpd.2023.070.

Lena Y, Bozkurt AP, Yetkiner E. Patients’ and parents’ perception of functional appliances: a survey
study. Turk J Orthod. 2017 Jun;30(2):33-41. doi: 10.5152/TurkJOrthod.2017.17015.

Lombardo L, Arreghini A, Maccarrone R, Bianchi A, Scalia S, Siciliani G. Optical properties of
orthodontic aligners--spectrophotometry analysis of three types before and after aging. Prog Orthod.
2015;16:41. doi: 10.1186/s40510-015-0111-z.

Zybutz T, Drummond R, Lekic M, Brownlee M. Investigation and comparison of patient experiences
with removable functional appliances: Invisalign Teen with Mandibular Advancement versus Twin
Block. Angle Orthod. 2021 Mar;91(4):490-5. doi: 10.2319/050520-393.1.

Papageorgiou SN, Koletsi D, Iliadi A, Peltomaki T, Eliades T. Treatment outcome with orthodontic
aligners and fixed appliances: a systematic review with meta-analyses. Eur J Orthod.
2020 Jun;42(3):331-43. doi: 10.1093/ejo/cjz094.

Yu L, Li Z, Kang F, Wang S, Xie Z, Zhu X. Mandibular advancement with clear aligners and
functional appliances in the treatment of skeletal Class Il ma-locclusion: a systematic
review and meta-analysis. Hua Xi Kou Qiang Yi Xue Za Zhi. 2023 Jun;41(3):305-14.

doi: 10.7518/hxkq.2023.2022453.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA
2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021 Mar;372:(71):1-9.
doi: 10.1136/bmj.n71.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic
reviews. Syst Rev. 2016 Dec;5(1):210. doi: 10.1186/s13643-016-0384-4.

Wu'Y, Yu Q, Xia Y, Wang B, Chen S, Gu K, et al. Does mandibular advancement with clear aligners have
the same skeletal and dentoalveolar effects as traditional functional appliances? BMC Oral Health.
2023 Feb;23(1):65. doi: 10.1186/s12903-023-02709-5.

Caruso S, Nota A, Caruso S, Severino M, Gatto R, Meuli S, et al. Mandibular advancement with clear
aligners in the treatment of skeletal Class II. A retrospective controlled study. Eur J Paediatr Dent.
2021;22(1):26-30. doi: 10.23804/ejpd.2021.22.01.05.

Braz J Oral Sci. 2026;25:269475 21



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Jnaneshwar et al.

Lombardo EC, Lione R, Franchi L, Gaffuri F, Maspero C, Cozza P, et al. Dentoskeletal effects of clear
aligner vs twin block-a short-term study of functional appliances. J Orofac Orthop.
2024 Sep;85(5):317-26. doi: 10.1007/s00056-022-00443-1. Epub 2023.

Sun Z,PanY, LinT, Lu H, Ai H, Mai Z. Comparison of cephalometric measurements of the Twin Block
and A6 appliances in the treatment of Class Il malocclusion: a retrospective comparative cohort
study. Ann Transl Med. 2022 Aug;10(16):876. doi: 10.21037/atm-22-3762.

Hosseini HR, Ngan P, Tai SK, Andrews LJ 2nd, Xiang J. A comparison of skeletal and dental
changes in patients with a Class Il relationship treated with clear aligner mandibular advancement
and Herbst appliance followed by comprehensive orthodontic treatment. Am J Orthod Dentofacial
Orthop. 2024 Feb;165(2):205-19. doi: 10.1016/j.ajodo.2023.08.015. Epub 2023.

Blackham SS. A study of short-term skeletal, dental, and soft tissue effects of Class I malocclusions
treated with Invisalignil with mandibular advancement feature or twin block appliance compared with
historical controls [master’s thesis]. Vancouver: The Faculty of Graduate and Postdoctoral Studies,
The University of British Columbia; 2020 [cited 2025 Jan 5]. Avaliable at: https://open.library.ubc.ca/
soa/clRcle/collections/ubctheses/24/items/1.0392341.

Ravera S, Castroflorio T, Galati F, Cugliari G, Garino F, Deregibus A, et al. Short term dentoskeletal
effects of mandibular advancement clear aligners in Class Il growing patients. A prospective
controlled study according to STROBE Guidelines. Eur J Paediatr Dent. 2027 Jun;22(2):119-24.
doi: 10.23804/ejpd.2021.22.02.6.

Kong L, Liu XQ. Efficacy of invisible advancement correction for mandibular retraction in
adolescents based on Pancherz analysis. World J Clin Cases. 2023 Feb;11(6):1299-309.
doi: 10.12998/wjcc.v11.i6.1299.

Glaser BJ, Tai SK, Blevins R, Daher S. Prospective multicenter investigation of Invisalign treatment
with the mandibular-advancement feature: an interim report. J Clin Orthod. 2022 Aug;56(8):458-63.

Zaky AM, Negm IM. Three-dimensional evaluation of mandibular changes following treatment
with a new clear mandibular advancement appliance. Egypt Orthod J.2022 Jun;61(6):81-93.
doi: 10.21608/€0s.2022.134974.1046.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, editors. Cochrane
handbook for systematic reviews of interventions. Version 6.2 (updated 2021 February). Cochrane;
2021 [cited 2025 Jan 5]. Available from: www.training.cochrane.org/handbook.

Langan D, Higgins JPT, Jackson D, Bowden J, Veroniki AA, Kontopantelis E, et al. A comparison of
heterogeneity variance estimators in simulated random-effects meta-analyses. Res Synth Methods.
2019 Mar;10(1):83-98. doi: 10.1002/jrsm.1316. Epub 2018.

Goldet G, Howick J. Understanding GRADE: an introduction. J Evid Based Med. 2013 Feb;6(1):50-4.
doi: 10.1111/jebm.12018.

Lee KY, Park JH, Tai K, Chae JM. Treatment with Twin-block appliance followed by fixed appliance
therapy in a growing Class Il patient. Am J Orthod Dentofacial Orthop. 2016 Nov;150(5):847-63.
doi: 10.1016/j.ajod0.2015.10.033.

Baysal A, Uysal T. Dentoskeletal effects of Twin Block and Herbst appliances in patients
with Class Il division T mandibular retrognathy. Eur J Orthod. 2014 Apr;36(2):164-72.
doi: 10.1093/ejo/cjt013. Epub 2013.

Rosvall MD, Fields HW, Ziuchkovski J, Rosenstiel SF, Johnston WM. Attractiveness, acceptability,
and value of orthodontic appliances. Am J Orthod Dentofacial Orthop. 2009 Mar;135(3):276.e1-12;
discussion 276-7. doi: 10.1016/j.ajodo.2008.09.020.

Koretsi V, Zymperdikas VF, Papageorgiou SN, Papadopoulos MA. Treatment effects of removable
functional appliances in patients with Class Il malocclusion: a systematic review and meta-analysis.
Eur J Orthod. 2015 Aug;37(4):418-34. doi: 10.1093/ejo/cju071. Epub 2014.

Braz J Oral Sci. 2026;25:269475 22



Jnaneshwar et al.

37. Ehsani S, Nebbe B, Normando D, Lagravere MO, Flores-Mir C. Short-term treatment effects produced
by the Twin-block appliance: a systematic review and meta-analysis. Eur J Orthod.
2015 Apr;37(2):170-6. doi: 10.1093/ejo/cju030. Epub 2014.

38. Pacha MM, Fleming PS, Shagmani M, Johal A. The skeletal and dental effects of Hanks Herbst
versus twin block appliances for class Il correction in growing patients: a randomized clinical trial.
Eur J Orthod. 2024 Jan 1;46(1):cjad065. doi: 10.1093/ejo/cjad065.

39. Jena AK, Duggal R, Parkash H. Skeletal and dentoalveolar effects of Twin-block and bionator
appliances in the treatment of Class || malocclusion: a comparative study. Am J Orthod Dentofacial
Orthop. 2006 Nov;130(5):594-602. doi: 10.1016/j.ajodo.2005.02.025.

Braz J Oral Sci. 2026;25:269475 23



Jnaneshwar et al.

Supplementary appendix 1. Search strategy

Search engine No Key words
(("mandibular advancement”[All Fields] OR “mandibular
Pubmed 598 advancement’[MeSH Terms]) AND “clear aligner”[All Fields]) OR
“clear aligners”[All Fields]

“mandibular advancement” and “mandibular retrognathism” and
Google Scholar 63 “clear aligners”
Cochrane 1 (“mandibular advancement”) AND (“clear aligner”)
SciELO 0 (“mandibular advancement”) AND (“clear aligner”) AND (“class II")
Virtual health library 31 (“mandibular advancement”) AND (“clear aligner”) AND (“class II

malocclusion”)
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