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INTRODUCTION

Over the last two decades, clear aligners have become a mainstay in contemporary orthodontic 
practice primarily due to improvements in digital and 3D printing technologies, a growing interest 

ABSTRACT
Objectives: Over the last two decades, clear aligners have become a mainstay in contemporary orthodontic 
practice primarily due to improvements in digital and 3D printing technologies, a growing interest in esthetic 
orthodontics, especially in the adult population, and aggressive manufacturer marketing internationally.

Material and Methods: PubMed, Google Scholar, Cochrane Library, and EMBASE databases were searched 
from January 1998 to November 2021. The search terms used were “Invisalign” OR “clear aligner.” A total of 
7000 records were searched, of which 369 potentially relevant articles were retrieved in full. 190 studies met the 
selection criteria following screening and were included in the scoping review.

Results: This review scopes and analyses published orthodontic literature about CA according to a year-wise 
distribution into 3 groups, 2001–2010/2011–2020/2021. Most of the studies were published in the period between 
2011 and 2020, with 138 studies accounting for 73%. The year 2021 followed, with 31 studies accounting for 16%, 
which was greater than the number of studies published in 10 years from 2001 to 2010. Studies were also classified 
based on the study designs with most of the published studies representing the lowest level of evidence including 
case reports, case series, narrative reviews, expert opinions, and editorials accounting for 137 studies, whereas 
case-control studies were the least reported studies with only 4 studies reported in the literature. In addition, 
they were categorized into seven main domains: (1) Biological considerations associated with clear aligner 
therapy (CAT), (2) Treatment outcomes considerations associated with CAT, (3) Geometrical considerations 
associated with CAT (clinical), (4) Biomechanical considerations associated with CAT (Laboratory/Finite 
element analysis), (5) Biomaterial considerations associated with CAT, (6) Patient education and experience and 
aesthetic and social perception of CAT, and (7) Miscellaneous. Treatment outcome considerations associated 
with CAT had the greatest percentage representing 36% of the total published domains, while the final place 
was occupied by the biomechanical considerations associated with CAT accounting for only 4% of the published 
domains about CAT.

Conclusion: Treatment outcome was the domain most commonly reported by studies accounting for (36%). Most 
of the published studies are at the lowest level of evidence including case reports, case series, narrative reviews, 
and expert opinions. The vast majority of studies utilized only a single clear aligner brand. There is a greater need 
for research that studies CAT from a holistic perspective.
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in esthetic orthodontics, especially in the adult population, 
and aggressive manufacturer marketing internationally.[1-3]

Although clear aligners have become widely utilized, there 
is a paucity of scholarly research testing this treatment 
modality.[4-9] Contrary to expectations, orthodontic 
products are often clinically adopted without appropriate 
clinical evidence. However, if the specialty has to obtain 
precision and proficiency with this modality, a thorough 
investigation of existing clear aligner literature is 
imperative. This will allow future studies to target areas of 
deficiency within this field.

The discrepancy between the predicted and actual clinical 
outcomes with clear aligner therapy (CAT) is around 50% 
necessitating midcourse corrections, refinements, additional 
aligners, or even a conversion to fixed appliances before the 
end of treatment.[10] This percentage accuracy was further 
found to be affected by the registration algorithm software 
used for the superimposition of digital models.[4] Studies 
assessed different aspects of CAT effectiveness including 
biological aspects, treatment outcomes, geometrical and 
biomechanical considerations, biomaterials as well as 
patient-related outcomes.

Scoping reviews (ScRs), in general, aim to study the extent, 
range, and type of research on a given topic and to help direct 
future research. ScRs are especially beneficial when applied 
to novel topics, in which a scarcity of randomized controlled 
trials prevents systematic reviews from providing meaningful 
conclusions, as is the case for orthodontic clear aligners. This 
ScR, therefore, aims to determine the scope and extent of the 
published literature on clear aligners in orthodontics, as well 
as identify the types of studies published, and summarize the 
outcomes studied.

MATERIAL AND METHODS

A ScR of the published literature was performed following the 
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) extension for PRISMA-ScRs guidelines 
[Figure  1]. A  review protocol was created to address the 
research questions and studies’ eligibility criteria [Table  1] 
but was not previously registered. PubMed, Google Scholar, 
Cochrane Library, and EMBASE databases were searched 
from January 1998 to November 2021. In addition, Google 
Scholar and OpenGrey were searched for grey literature. 
Reference lists of relevant articles were manually searched 
and “Citation Networks” of relevant articles in Web of Science 
were checked to identify studies that could have been missed 
in the electronic database searches. A search alert was created 
for each database using its respective search strategy to be 
notified of any new relevant studies, and alerts were monitored 
on regular basis until the end of November 2021. The initial 
date was chosen as it coincided with the initial development 

of Invisalign. The search terms used were “Invisalign” OR 
“Clear Aligner” OR “Aligner.” Although no specific language 
restriction was applied, the search terms used were only in the 
English alphabet. Titles and abstracts were screened to satisfy 
the ScR eligibility criteria.

The abstracts of all suitable articles were evaluated by two 
reviewers independently. Full texts of those articles meeting 
the selection criteria and those that were ambiguous were 
then obtained for screening. A  third reviewer aided in 
resolving uncertainty regarding final inclusion until a 
consensus was reached. Excluded studies with reasons 
were tabulated [Table 2]. Full-text analysis of the identified 
original research was performed and data extraction was 
charted according to “PICO” guidelines with collected 
information that included the first author and year 
of publication, study design, number of participants, 
interventions, comparison, outcomes (both primary 
and secondary), method of measurement, and outcome 
domain [Table  3]. The primary and secondary outcomes 
were determined from within the text of the study. If not 
explicitly mentioned, the aim, sample size calculation, or 
first reported outcome in the results section were used, 
respectively. Any other outcomes reported were designated 
as secondary outcomes. The data extraction and outcome 
domains were chosen after a review of the results and 
refined independently by two reviewers. The outcome 
domains were thus categorized into seven main domains, as 
enumerated below:
a.	 Biological considerations associated with CAT
b.	 Treatment outcomes considerations associated with CAT
c.	 Geometrical considerations associated with CAT 

(clinical)
d.	 Biomechanical considerations associated with CAT 

(laboratory/finite element analysis [FEA])
e.	 Biomaterial considerations associated with CAT
f.	 Patient education, experience and aesthetic/social 

perception of CAT
g.	 Miscellaneous.

RESULTS

Search and selection of studies

The initial database and additional search resulted in 7000 
records, of which 369 potentially relevant articles were 
retrieved in full. 190 studies met the selection criteria 
following screening and were included in the ScR with the 
results of the search depicted in the PRISMA flow chart 
[Figure  1]. The studies included in the review are shown 
in [Table  3] and represented graphically in [Figures  2-4], 
whereas 179 excluded studies with reasons are enumerated in 
[Table 2] and represented graphically in [Figure 5].
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General characteristics of included studies in the ScR

Year-wise distribution of studies

Studies were classified into three groups according to a year 
time frame
a.	 2001–2010: 21 studies
b.	 2011–2020: 138 studies
c.	 2021: 31 studies.

The included publications ranged in date from 2001 to 
2021. The bar graph in [Figure 2] demonstrates that most of 
the studies were published in the period between 2011 and 
2020, with 138 studies accounting for 73%. Interestingly 
though, the year 2021 followed, with 31 studies accounting 
for 16%, which was greater than the number of studies 
published in 10 years from 2001 to 2010 with only 21 studies 
representing 11%.

Figure 1: Preferred reporting items for systematic reviews and meta-analysis.

Table 1: Scoping review selection criteria.

Inclusion criteria Exclusion criteria

Study design: All types of studies including randomized controlled 
trials, controlled clinical trials, cohort studies, retrospective studies, 
and case‑control studies
Participants: Patients aged 10 years and older receiving orthodontic 
treatment
Intervention: Any type of clear aligner therapy
Comparison: Any type of comparison with conventional mode of 
orthodontic treatment method or approach
Outcomes: All types of reported outcomes (primary and secondary)

Case reports and case series
Studies with <10 participants
Personal opinion and descriptive technique papers
Letters to editors or interviews
Editorials
Proceedings from research summits
Systematic reviews, meta‑analyses, narrative reviews and 
scoping reviews
Proof of concept, workshops, and presentations
Pilot studies and retracted articles
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Table 2: Studies excluded from the scoping review (n=179).

Author/Year Reason for exclusion

Weir 2017[11] Review article
Robertson et al., 2020[12] Systematic review
Ke et al., 2019[1] Systematic review
Rossini et al., 2014[13] Systematic review
Caminiti and Lou 2019[14] Less than 10 participants
Lagravère and Flores‑Mir 2005[15] Systematic review
Tamer et al., 2019[16] Literature review
Papadimitriou et al., 2018[17] Systematic review
Rossini et al., 2014[18] Systematic review
Hennessy and Al‑Awadhi 2016[19] Opinion article
Zheng et al., 2017[20] Systematic review and 

meta‑analysis
Galan‑Lopez et al., 2019[21] Systematic review
Sword and Haywood 2020[22] Case report
Kook et al., 2019[23] Case report
Flores‑Mir 2019[24] Systematic review with 

meta‑analysis
Lu et al., 2018[25] Meta‑analysis
Kuncio 2014[26] Review article
Kassam and Stoops 2020[27] Systematic review
Cardoso et al., 2020[28] Systematic review
Phan and Ling 2007[29] Opinion article
Zhang et al., 2020[30] Systematic review
Shotell 2020[2] Opinion article
Tripathi et al., 2016[31] Case report
Iliadi et al., 2020[32] Systematic review and 

meta‑ analysis of clinical and 
in vitro research

Lombardo et al., 2020[33] Case report
Blevins 2019[34] Editorial
Marya et al.,2020[35] Review
Staderini et al., 2019[36] Case report
Al‑Jewair et al., 2020[37] Case series with less than 10 

participants
Kim and Echarri 2007[3] Narrative article
Fang et al., 2019[38] Systematic review and 

meta‑analysis
Gierie 2018[39] Overview
Al‑Zainal et al., 2020[40] Systematic review and 

meta‑analysis
Kravitz et al., 2018[41] Technique article
Fry 2017[42] Opinion article
Ojima et al., 2018[43] Case report
Pinho and Rocha 2020[44] Case series
On Tse 2019[45] Case report
Ruan and Jiang 2017[46] Case report
Yu et al., 2013[47] Systematic review
Caruso et al., 2020[48] Case reports
Feizi et al., 2020[49] Narrative review
Keim 2017[50] Editorial/opinion article
Boyd 2008[51] Participants less than 10
Kaur et al., 2020[52] Scoping review
Kankam et al., 2018[53] Case series and technique 

article

(Contd...)

Table 2: (Continued).

Author/Year Reason for exclusion

Gandhi et al., 2021[54] Systematic review and 
meta‑analysis

Boyd 2009[55] Case reports [3 cases]
Shipley 2018[56] Pilot study
Park and Kim 2009[57] Case report
Harnick 2012[58] Case report
Hannequin 2020[59] Case report
Hennessy and Al‑Awadhi 2016[60] Narrative review
Chang et al., 2021[61] Narrative review
Ojima et al., 2020[62] Case report
Mheissen et al., 2020[63] Systematic review
Lee et al., 2011[64] Case reports [3 cases]
El‑Bialy 2020[65] Case series: Less than 10 

participants
Lombardo et al., 2017[66] Less than 10 participants
Joffe 2003[67] Opinion article
Peck 2021[68] Editorial
Zhu et al., 2019[69] Case report
Ojima et al., 2020[70] Case report
Giancotti et al., 2020[71] Case report
Sheridan 2014[72] Opinion article
Chang et al., 2019[73] Case report
Wheeler 2004[74] Editorial
Keser and Dibart 2011[75] Case report
Tartaglia et al., 2021[76] Narrative review
Huang and Huang 2018[77] Case report
Malik et al.,2013[78] Narrative review
Bous et al., 2020[79] Technique article and case report
Schwartz 2012[80] Case report
Cetta 2018[81] Technique article
Park and Kim 2009[82] Case report
Wong 2002[83] Narrative review
Waring et al., 2013[84] Narrative review
Reinhardt 2016[85] Opinion article
Kau et al., 2020[86] Case report
Bawaskar 2015[87] Case report
Eckhart 2009[88] Case report
Chami et al., 2018[89] Pilot study
Owen 2001[90] Technique article
Cassetta et al., 2020[91] Case report
Ellis 2004[92] Letter to editor
Greco et al., 2020[93] Case report
Miller 2009[94] Case report
El‑Bialy 2020[95] Case report
Melkos 2005[96] Narrative review
Putrino et al., 2021[97] Scoping review
Whitehouse 2004[98] Opinion article
Ojima et al., 2014[99] Case report
Eliades and Bourauel 2005[100] Editorial
Turpin 2005[101] Editorial
Voudouris et al., 2018[102] Opinion article
Wu 2014[103] Letter to editor
Pagani et al., 2016[104] Case report
Levrini et al., 2012[105] Case report

(Contd...)
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Table 2: (Continued).

Author/Year Reason for exclusion

Giancotti et al., 2008[161] Case report
Sheridan 2004[162] Opinion article
Galluccio 2021[163] Narrative review
Chenin et al., 2003[164] Case report
Crosby and Lee 2009[165] Opinion article
Womack 2006[166] Case report
Boyd 2007[167] Case report
Boyd 2005[168] Case report
Sousa Dias and Tsingene 2011[169] Case report
Cai et al., 2021[170] Opinion article
Giancotti and Farina 2010[171] Case report
Vlaskalic and Boyd 2001[172] Case report
Marcuzzi et al., 2010[173] Case report
Bradley 2013[174] Opinion article
McFarland 2007[175] Case report
Corsair 2007[176] Case report
Sterental 2008[177] Narrative review
Turatti et al., 2006[178] Case report
Hamula and Brewka 2005[179] Opinion article
Bishop et al., 2002[180] Case report
Giancotti and Ronchin 2006[181] Case report
McKenna 2001[182] Opinion article
Barzilay and Dayan 2016[183] Case report
Salomone and Turatti 2020[184] Technique article
Lin et al., 2016[185] Retracted article 
Pithon et al., 2019[186] Systematic review

Table 2: (Continued).

Author/Year Reason for exclusion

Awosika et al., 2017[106] Case report
Fry 2017[107] Case report
Ojima et al., 2016[108] Case report
Beers et al., 2003[109] Narrative review
Jyothikiran et al., 2014[110] Narrative review
Lou and Caminiti 2021[111] Opinion article
Zawawi 2014[112] Case report
Ellis 2012[113] Letter
Johal and Bondemark 2021[114] Opinion article
Antelo et al., 2018[115] Case report
Park and Kim 2010[116] Case report
Levrini et al., 2015[117] Case report
Needham et al., 2015[118] Case report
Smallwood 2009[119] Narrative review
Christensen 2002[120] Opinion article
Garino et al., 2014[121] Opinion article
Frongia and Castroflorio 2006[122] Case report
Giancotti et al., 2006[123] Case report
Kim and Park 2008[124] Case report
Garino and Park 2012[125] Opinion article
Feinberg et al., 2016[126] Opinion article
Mampieri and Giancotti 2013[127] Review
Eissa et al., 2018[128] Pilot study
Lin et al., 2014[129] Case report
Giancotti and Mampieri 2012[130] Case report
Ali and Miethke 2012[131] Narrative review
Brezniak and Wasserstein 2008[132] Case report
Torres et al., 2011[133] Case report
Abraham et al., 2016[134] Case report
Womack and Day, 2008[135] Case report
Giancotti et al., 2014[136] Case report
Vlaskalic and Boyd 2002[137] Opinion article
Rocke 2008[138] Technique article
Schupp et al., 2010[139] Case report
Schupp et al., 2010[140] Case report
Barlattani et al., 2010[141] Case report
Aulakh 2013[142] Case report
Norris et al., 2002[143] Case report
Giancotti et al., 2015[144] Case series
Cassetta et al., 2016[145] Case report
Fischer 2010[146] Case report
Ruiz et al., 2009[147] Less than 10 participants
Schupp et al., 2010[148] Case report
Wheeler 2005[149] Opinion article
Kumar et al., 2021[150] Letter to Editor
Hönn and Göz 2006[151] Case report
Lombardo et al., 2021[152] Case report
Uribe et al., 2011[153] Case report
Dickerson 2017[154] Case report
Miller et al., 2002[155] Case report
Levrini et al., 2013[156] Pilot study
Long 2012[157] Case report
Maganzini 2006[158] Letter to editor
Giancotti and Di Girolamo 2009[159] Case report
Patient’s Page, 2013[160] Opinion article

(Contd...)

Study designs of included studies

The Hierarchy of evidence for studies published about CAT 
in [Figure  3] illustrates that most of the published studies 
were at the lowest level of evidence including case reports, 
case series, narrative reviews, expert opinions, and editorials 
accounting for 137 studies. This was followed by cohort 
studies with 79 studies that were either retrospective or 
prospective in nature. Animal and laboratory studies were 
equal to the prospective clinical trials accounting for 39 
studies each. 20 systematic reviews and meta-analyses were 
identified and represented the highest level of evidence.
Case–control studies were the least reported studies with 
only four studies reported in the literature.

Distribution of seven outcome domains reported in the 
literature

The pie chart reveals the percentage distribution of the seven 
main outcome domains reported in the literature about CAT. 
Treatment outcome considerations associated with CAT 
had the greatest percentage representing 36% of the total 
published domains. Biological considerations associated 
with CAT come in next, accounting for 29.5% of the domains 
reported. This was followed by the biomaterial considerations 
associated with CAT representing 12.1%. At comparable 
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percentages, came the patient education, experience, aesthetic 
and social perception, miscellaneous considerations, as 
well as geometrical considerations associated with CAT, 
representing 6.3%, 6.3%, and 5.8%, respectively. The final 
place was occupied by the biomechanical considerations 

associated with CAT accounting for only 4% of the published 
domains about CAT.

Most of the excluded studies were case reports with a total 
number of 86 articles. This was followed by opinion articles, 
narrative reviews and systematic reviews and meta-analyses 
with 25, 21, and 20 articles, respectively. Other types of 
articles and reasons for exclusion represented only a small 
number of studies.[1-3,11-186] [Figure 5 and Table 2].

DISCUSSION

Clear aligners have revolutionized the practice of 
orthodontics since the introduction of Invisalign in 1998. 
The first mention of clear aligners in the academic literature 
occurred in 2001 and included an article on technique,[90] a 
case report,[172] and an opinion article.[182] The first scientific 
study of clear aligners occurred in 2003. Bollen et al.[187] 
studied the effect of different plastic stiffness and wear time 
on tooth movement, while Meier et al.[188] investigated the 
patient profile of those requesting and undergoing clear 
aligner treatment. Over the next decade, between 2001 and 
2010, just 21 studies have been published. 138 studies have 
been published in the next decade (2011–2020). In 2021, 31 
research articles have already been published, continuing this 
exponential increase. This surge of research output reflects 
the larger trend of increases in the usage and popularity of 
clear aligners.

The studies investigating CAT were characterized into seven 
outcome domains. The majority of clear aligner research 
focused on treatment outcome considerations (36%),[9,189-256] 
which is rightfully the most researched domain as it is 
fundamental to assessing the treatment effectiveness of CAT 
and comparing it to more established treatment modalities 
including fixed appliances using ABO-OGS, irregularity 
index, and PAR index. The efficacy of CA in achieving 
different tooth movements, in different planes of space, 
in extraction and surgical cases, and the recommended 
types of malocclusions to be treated with CA were also 
studied. Accuracy of predicted movements and IPR versus 
achieved ones, finishing and stability with CA, quality of 
life impacts, evaluation of smile with CA, evaluation of 
treatment outcomes with and without dental monitoring 
and the effect of CA wear protocol on the efficiency of 
tooth movement were additionally investigated in different 
studies under this domain. Biological considerations made 
up 29.5%.[189,257-311] This domain investigated and contrasted 
topics such as biofilm changes, periodontal health, gingival 
parameters, pain perception, masticatory muscle soreness 
and anxiety, apical root resorption, early tooth movement, 
bone metabolism and volume, pulpal blood flow, enamel 
demineralization, mineral and trace elements in saliva, 
adult patient’s adjustability, oral health-related quality of 
life, cytotoxicity, and epithelial cell reaction after exposure 

Figure 2: Bar graph showing the percentages of published studies in 
3 time frames.

Figure 3: Hierarchy of evidence for studies published about clear 
aligner therapy.

Figure  4: Pie chart illustrating the percentage distribution of the 
seven main domains reported in the literature. CAT: clear aligner 
therapy;  FEA: Finite Element Analysis.
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to CA material. In addition, the effect of the use of vibration, 
photo-biomodulation, and ultrasound on CAT was also 
studied. The effect of the use of CA on facial wrinkles,  
postural changes, speech articulation, as well as on tooth 
whitening was moreover investigated. This domain was 
followed by biomaterial considerations representing 12.1% 
of the studies and investigated factors such as mechanical, 
optical and chemical properties, the fit of aligners, colour 
stability and aging, different thickness and materials of 
aligners, different composite materials in the reproduction 
of attachments shape and position, the effect of different 
cleaning methods, and effect of print orientation on the 
dimensional accuracy of CA.[187,201,312-335] At 6.3% came 
patient education, experience, esthetic and social perception 
and adjustability,[188,336-346] as well as miscellaneous 
considerations including factors influencing career choice, 
future aspirations, use of CA by orthodontists and general 
practitioners, the impact of digital scanning on CA 
popularity and the documentation of the most highly cited 
articles.[347-358] Geometrical considerations associated with 
CAT, representing 5.8% of the studies, primarily explored 
attachment configurations clinically, the efficiency of power 
ridges, retention, and fit of CA with various attachments and 
incidence of attachments loss.[200,312,359-368] The final place was 
occupied by biomechanical considerations accounting for 
only 4% of the published outcome domains.[313,362,369-375] This 
domain examined in vitro studies on the force distribution 
applied by CAT and pressure differences from different 
movements, with some studies using FEA to further study 
the forces and moments produced by CA in different tooth 
movements. Future studies investigating clear aligners 
should perhaps place greater focus on Biomechanical, 
Geometrical, and Biomaterial considerations of clear aligner 
treatment. Studies of these domains will allow for a greater 
understanding of CAT as a whole, as opposed to studying a 
single brand.

With the rapid technological development of 3D printing, 
artificial intelligence (A.I.) and machine learning, and 
material sciences, an increase in customized appliances can 
be expected in the future, whether CAT or fixed appliances. 
A.I. is being used by commercial companies to improve CAT, 
but this has not been done independently. This area of study 
will hopefully be researched in the near future.

Another noteworthy result found was that the vast majority of 
research on CAT only studied a single brand, that is, Invisalign. 
Although some articles were unclear about which brand 
of aligners or materials were used,[230,265,278,280,282,304,306,326,339

] only eight studies utilized other brands of aligners or 
materials[201,285,287,288,291,330,333,361] other than Invisalign. Are the 
results of the majority of studies then relevant to CAT as 
a modality, or a given brand? This seems to be a significant 
limitation in the current CAT literature. Ercoli et al.,[201] in 
2014, were the first authors to compare two different aligner 
systems. These were then followed by Lombardo et al.[317] in 
2015 and Mantovani et al. in 2019.[363] Lombardo et al.[327] 
and Palone et al.[333] have also recently compared the aligner 
thickness and gap width of 6 aligner systems.

In the future, independent research should be carried out 
to investigate outcomes of the various clear aligner systems 
and material components involved, to understand CAT in 
its entirety, as opposed to a single aligner brand of aligners. 
While aligners are an established clinical reality today, the 
incipient scholarly literature indicates many unanswered 
questions and unstudied domains. Future researchers can 
dwell on the findings of this ScR, before embarking on 
projects that can augment aligner literature.

While we attempted to determine the scope and extent of the 
published literature on clear aligners in orthodontics, as well 
as identify the types of studies published, and summarize 
the outcomes studied, some limitations are present. Our 

Figure 5: Bar graph showing the percentage distribution of different reasons for studies exclusion.
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search terms were in the English language; hence, articles 
in languages other than English may have been missed. 
Similarly, some articles may not have been found due to 
the search terms used. Studies with <10 participants were 
excluded which was done in an attempt to obtain more 
meaningful data which could assist in identifying the 
more common outcome domains. ScRs do not assess the 
methodologies and risk of bias of the included studies, rather 
the goal is to explore the literature as an overview.

CONCLUSION

Outcome domains studied in literature were: Treatment 
outcomes (36%); Biological considerations (29.5%); Biomaterial 
considerations (12.1%); Patient education, experience, esthetic 
and social perception (6.3%); Miscellaneous (6.3%); Geometrical 
considerations (5.8%); and Biomechanical considerations (4%).

Most of the published studies were at the lowest level of 
evidence including case reports, case series, narrative reviews, 
expert opinions, and editorials accounting for 137 studies. This 
was followed by cohort studies with 79 studies. Animal and 
laboratory studies and prospective clinical trials accounting for 
39 studies each. 20 systematic reviews and meta-analyses were 
identified. Case–control studies were the least reported studies 
with only four studies reported in the literature.

The vast majority of studies utilized only a single clear aligner 
brand. There is a greater need for research that studies CAT 
from a holistic perspective.
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