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ABSTRACT

Introduction: The benefits and safety of using orthodontic 
aligners have been reported more by clinical experience and 
expert opinion than by scientific evidence. Another important 
aspect is that aligners are constantly evolving. It is important 
to obtain evidence that allows for new updates in manufactur-
ing technology, in the development of new movement planning 
protocols, in the incorporation and design of attachments, and 
in the aid of skeletal anchorage. 

Methods: Evidence retrieved from six electronic databases 
(CINAHL, MEDLINE, EMBASE, Psych Info, the Cochrane Library 
and the Joanna Briggs Library) is presented by means of ques-
tions and answers.

Conclusions: There is evidence that the aligners presented dif-
ferent levels of difficulty in performing each type of movement, 
with rotational and vertical movements being the most difficult to 
perform. Regarding perception of pain due to tooth movement, it 
seems to have less impact at the beginning of treatment; but deal-
ing with more phonoarticulatory changes seems to require more 
treatment time in more complex cases. Aligners do not prevent 
the occurrence of root resorption, although the incidence and se-
verity of resorption may be reduced, making oral hygiene easi-
er and accepting the risk of white spots, caries and periodontal 
disease. Given the conflicting evidence, the release of bisphenol-A 
from the aligner cannot be denied. Solutions must be found to re-
duce the environmental impact of aligners disposal. There is an 
urgent need for well-designed randomized controlled trials.

Keywords: Orthodontic aligners. Removable orthodontic appli-
ance. Tooth movement. Biomechanics. Malocclusion. Quality of 
life. Root resorption. Sustainability. Biocompatibility. Aesthetics.
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RESUMO

Introdução: As vantagens e desvantagens do uso de alinhadores ortodôn-
ticos têm sido reportadas com base mais na experiência clínica e opinião de 
experts do que em evidências científicas. Outro aspecto importante é que os 
alinhadores estão em processo de evolução constante. Assim, torna-se im-
portante obter evidências recentes, que abranjam as novas atualizações na 
tecnologia de confecção, no desenvolvimento de novos protocolos de plane-
jamento para as movimentações, a incorporação e desenho dos attachments 
e o auxílio da ancoragem esquelética. 

Métodos: As evidências encontradas em seis bases de dados eletrônicas 
(CINAHL, MEDLINE, EMBASE, Psych Info, Biblioteca Cochrane e Biblioteca 
Joanna Briggs) serão apresentadas por meio de perguntas e respostas. 

Conclusões: Há evidências de que os alinhadores apresentam diferentes 
níveis de dificuldade para realizar cada tipo de movimento, sendo os movi-
mentos rotacionais e verticais os mais difíceis de serem executados. Quan-
to à percepção da dor causada pela movimentação dentária, parece haver 
menos impacto no início do tratamento, mas os alinhadores produzem mais 
alterações fonoarticulatórias e parecem exigir mais tempo de tratamento 
em casos mais complexos. Não há evidência de diferença na estabilidade 
pós-tratamento, e os alinhadores não impedem a ocorrência de reabsorção 
radicular, apesar da incidência e a gravidade da reabsorção poderem ser 
menores, facilitam a higiene bucal, reduzindo o risco de manchas brancas, 
cáries e doenças periodontais. Dada a evidência conflitante, a liberação de 
bisfenol-A pelo alinhador não pode ser negada. É preciso encontrar soluções 
que reduzam o impacto ambiental do descarte dos alinhadores. Há uma ne-
cessidade urgente de ensaios clínicos randomizados bem desenhados. 

Palavras-chave: Alinhadores ortodônticos. Aparelho ortodôntico removí-
vel. Movimentação dentária. Biomecânica. Má oclusão. Qualidade de vida. 
Reabsorção radicular. Sustentabilidade. Biocompatibilidade. Estética.



Mendes Ribeiro SM, Aragón MLSC, Espinosa DSG, Shibasaki WMM, Normando D — Orthodontic 
aligners: between passion and science4

Dental Press J Orthod. 2023;28(6):e23spe6

INTRODUCTION

Orthodontic aligners have gained a lot of visibility in recent 
years, but it is important to know their real effects in detail, 
rather than just believing industry’s passionate marketing pitch.

It is well known that systematic reviews are the best scientific 
evidence on a given clinical question. In 2005, when the first 
systematic review on aligners effectiveness was published,1 it 
was not possible to compile consistent scientific evidence on 
the indications, limitations and effectiveness of orthodontic 
treatment with aligners. There was a lack of reliable clinical tri-
als evaluating the planning and effects of treatment with these 
devices. Since then, about 30 systematic reviews have been 
published, and they are necessary due to the many changes in 
manufacturing technology and orthodontic treatment systems 
using aligners, combined with the accumulation of clinical and 
scientific knowledge. It is therefore necessary to ask: where do 
we stand today?

Only in 2022, more than 150 scientific articles were published 
on orthodontic aligners. Despite this significant number, indi-
cations, advantages and disadvantages have been reported 
based on clinical experience and expert opinion rather than 
scientific evidence.2-4 Another important aspect is that align-
ers are constantly evolving: an aligner studied in 2005 may 
not have the same characteristics of an aligner used in 2023. 
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Therefore, it is important to obtain recent data, including new 
updates in aligner manufacturing technology, the develop-
ment of new movement planning protocols,5 the incorpora-
tion and design of attachments (Fig 1) and skeletal anchoring 
devices6,7 (Fig. 2). 

Constantly, some companies have propagated numerous 
advantages of orthodontic aligners in relation to fixed appli-
ances. It is claimed that aligner treatment would be faster, 
cause less pain/discomfort and align teeth more predictably.8 
Some of these assumptions are even passionately publicized. 
But what would be science’s response to these claims? Thus, 
the objective of this article is to compile, in a broad but objective 
way, the most current scientific evidence, answering several 

Figure 1: Planning and incorporation of attachments to increase the effectiveness of 
movements produced by orthodontic aligners.
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Figure 2: A) Skeletal mini-im-
plant in the upper arch. 
B) Aligners installed with 
auxiliary elastics. C) Skeletal 
mini-implant in the lower 
arch with auxiliary elastics.
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clinical questions about orthodontic treatment with aligners, 
in contrast to what is propagated by industry marketing. It is 
expected, however, that the results of this review do not allow 
conclusions about the latest updates in this treatment sys-
tem, due to the constant technological evolution. Thus, when 
reading this article, the clinician should be aware that material 
tested in a scientific study may already have been replaced or 
modified. However, the evolution of a material does not qualify 
it as more efficient than the previous one.9 It is worth remem-
bering that most of the current advantages propagated by the 
industry have already been disclosed in the past and have not 
been confirmed by science.

1. CAN ALIGNERS PERFORM ALL TYPES OF ORTHODONTIC 
MOVEMENTS?
The primary function of an orthodontic appliance is to move 
teeth in three directions of space. The effectiveness of aligners 
in performing some types of orthodontic movements has been 
investigated by comparing the movement predicted in the vir-
tual planning with the one actually obtained after treatment or at 
the end of a set of aligners.10 Due to the diversity of movements 
performed in orthodontics and the heterogeneity of results, an 
individual analysis of each type of movement is necessary.
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A. TRANSVERSE MOVEMENTS OF THE DENTAL ARCH

There is a clinical consensus that orthodontic aligners would be 
an effective tool to promote transverse expansion of the den-
tal arches. According to a systematic review published in 2018, 
including 20 studies, aligners seem to be effective in increasing 
inter-canine, inter-premolar, and inter-molar width in the pres-
ence of crowding.3 In the past two years, six primary studies 
have been published looking at the predictability of transverse 
movements with aligners. Therefore, this subject deserves an 
update. In summary, the expansion movement demonstrates 
good accuracy, comparing the movement obtained at the end 
of the treatment with that predicted in ClinCheck.11,12 The dental 
element with greater accuracy does not seem to be unanimous, 
due to the heterogeneity of the methodology and objectives of 
the studies, varying between premolars11,13 and first molars.12

A more recent study retrospectively evaluated 57 adult patients 
and collaborators who received orthodontic treatment with 
the Invisalign® system and whose planning included a trans-
verse expansion greater than or equal to 3 mm.13 The pre-
dictability of expansion in the area of maxillary canines and 
premolars was between 70-80% and, surprisingly, it was a little 
higher for the lower arch (80-90%) and smaller in the area of   
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the first molars, reaching a little more than 40% for the sec-
ond molars. Interestingly, inaccuracy can be caused by over-
expansion, not just the undercorrection often seen in other 
types of movements with aligners. This can be corroborated 
by the fact that we found articles reporting that, in relation to 
the amount of expansion, the maxillary first molars14 and the 
mandibular second molars are the teeth that present the great-
est expansion at the end of the treatment.11 It became clear 
that expansion with aligners can be achieved, even in adult 
patients, although it is critical in the distal region of the arch, in 
molars. Technological development should therefore focus on 
improving the transverse effects at the ends of the arches, per-
haps increasing the rigidity of the plastic in this region. When 
considering treatment in the mixed dentition phase, with the 
Invisalign First® system, aligners can be considered effective 
in growing patients who require dimensional increase in the 
upper arch. The most significant transverse increase occurred 
at the level of the maxillary deciduous first molars, while the 
maxillary first permanent molars showed a greater expansion 
in the mesial intermolar width due to the rotation that occurs 
around their palatal root.15-17 However, there is little evidence 
about the benefits of expansion achieved with aligners when 
compared to rapid maxillary expansion. 
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A study published in 202212 found statistically significant mor-
phological changes in the shape of the upper arch, with an 
increase in the transverse dimension in the anterior region at 
the level of the canine and the first deciduous molar widths 
in individuals treated with Invisalign First®, when compared to 
individuals who used a rapid maxillary expander. However, the 
expander used in the study was a butterfly-type modification 
of the Hyrax, fixed only on molars, without arms or extensions 
for premolars or canines.

B. DENTAL ROTATION MOVEMENT

Unlike the expansion movement, current evidence indicates 
that orthodontic aligners are not effective in performing rota-
tional movements , especially of rounded teeth. This was one of 
the conclusions of a systematic review published in 2015.6 Later, 
these data were complemented by another systematic review, 
published in 2018,2 in which it was concluded that the aligners 
are capable of rotating teeth, except canines and premolars.

It is unanimous that rotations are movements that are difficult 
to achieve with aligners. Therefore, it is suggested that inter-
proximal wear be carried out, and that rotations greater than 
1.5º per aligner are not performed.3 When rotations greater 
than 1.5º are necessary, additional resources should be used, 
such as attachments or even mini-implants and elastics sup-
ported by buttons and hooks.7



Mendes Ribeiro SM, Aragón MLSC, Espinosa DSG, Shibasaki WMM, Normando D — Orthodontic 
aligners: between passion and science11

Dental Press J Orthod. 2023;28(6):e23spe6

Some studies have emphasized that the potential for teeth 
movement must be analyzed separately, as they exhibit spe-
cific radicular characteristics and morphological features of the 
crown, as well as the histology of the alveolar bone support. 
These issues must be considered when analyzing the individ-
ual response of teeth to orthodontic forces.17,18

More recently, in 2023, a prospective clinical study investi-
gated the predictability of tooth movements performed with 
aligners.19 Differences were found between predicted and 
achieved results in all six movement categories analyzed: 
angulation, inclination, rotation, and mesiodistal, vertical, 
and buccolingual movements. This study corroborated that 
the rotation of maxillary lateral incisors, canines and premo-
lars is difficult to obtain in view of what was foreseen in the 
planning, and concluded that the only rotation movement 
with excellent predictability is that of the first permanent 
molars. Further refinements are needed in almost all cases to 
overcome the limited predictability of aligner treatment for 
most movements.

C. DENTAL VERTICAL MOVEMENTS

Along with rotations, vertical movements are considered the 
most challenging movements to be achieved with aligners.3 
Extrusion movement is harder to control, with only 30% pre-
dictability. It is known that aligners cannot effectively control 
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anterior extrusion.6 Regarding posterior vertical control, there 
seems to be no conclusion.6 Until 2020, the predictability of 
extrusion of anterior teeth had a very low level of evidence, 
although it increased in comparison with the conclusions of 
previously published systematic reviews.4

More recently, in 2022, a clinical study20 evaluated the accu-
racy of deep overbite correction by comparing the predicted 
result of ClinCheck® with the result achieved after treatment 
for groups that used different technologies of the aligner sys-
tem: EX30 without bite ramps versus SmartTrack with precision 
bite ramps, released in 2013. For both groups, the deeper the 
patient’s initial overbite, and the greater the amount of cor-
rection predicted by ClinCheck®, the greater the difference in 
relation to the result obtained. While ClinCheck® predicted an 
overbite reduction of 95.3%, the correction actually achieved 
was only 39.2%. Thus, the presence of a deeper initial overbite 
reduces the treatment effectiveness.

A recent study, published in 2023, confirmed that at the end 
of the first sequence of aligners, only 33% of the overbite cor-
rection was achieved, or 1.15 mm of reduction, on average.19 
The authors suggested that overcorrections and further refine-
ments are needed in most deep bite patients. Another more 
feasible possibility would be the use of skeletal anchorage and 
sequential movements. Apparently, the vertical movements 
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are more effective for the lower incisors, and of less effective 
control in premolars and molars in both arches, as reports the 
recent literature on the subject.19

With regard to open bite, a retrospective study analyzed the 
effectiveness of aligners in correcting surgical and non-surgical 
cases, and reported success in 94% of patients. The mean total 
overbite change was 3.3 ± 1.4 mm, demonstrating that aligners 
can be effective in controlling the vertical dimension and cor-
recting mild to moderate anterior open bite in non-extraction 
adults. Changes were observed in terms of retroclination of the 
upper incisors and intrusion of the upper molars, reaching an 
overbite of 1.1 ± 0.8 mm at the end of the treatment. However, 
the factors that most contributed to the correction were the 
extrusion of the upper and lower incisors and the reduction of 
the mandibular plane.21 The authors did not discuss the effect 
of incisor retroclination in the treatment of overbite. These 
findings confirm similar previously published results.22

D. DENTAL ANTEROPOSTERIOR MOVEMENTS

In the meantime, aligners can produce clinically acceptable 
results that may be comparable to fixed appliance therapy, as 
reported in a systematic review published in 2020.4 These results 
are mainly related to buccolingual inclination movements of 
the mandibular incisors in mild to moderate malocclusions.23 
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However, despite recent advances, most tooth movements 
may not be predictable enough to be accomplished with just 
one set of clear aligners, as described earlier.4

The aligners seem capable of controlling the movement of 
the upper molar body when a distalization of 1.5 mm is pre-
scribed.6 However, lower molars are teeth that are difficult 
to control.19 According to the literature, it is not necessary to 
incorporate attachments in mechanics to perform molar dis-
talization, whose movement accuracy would be approximately 
88%3. Complementing this conclusion, a prospective study 
published in 2023 reported that lower molars are the teeth 
with the lowest response, and almost always inexpressive.19 
It  is noteworthy that in this study, approximately 60% of the 
second molars did not receive attachments. The authors con-
sider that when moving from the center to the distal ends of 
the aligners, their elasticity increases, so that it can be specu-
lated that the use of attachments in distal teeth can increase 
the rigidity of the system, benefiting the control of angulation 
and inclination movements.23

Despite existing limitations, evidence shows that aligners are 
capable of aligning dental arches.2,6 In fact, some movements, 
such as root movements, seem to be better controlled with 
fixed appliances.3 Teeth angulations and occlusal contacts 
seem to be among the challenges of aligner treatment when it 
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comes to the accuracy of planned movements.2,3,15 To overcome 
this limited predictability of current therapy with clear align-
ers, further refinements are needed in most cases.4 The use of 
auxiliary resources such as attachments , skeletal anchorage, 
power arms (Fig 3) and elastics (Fig 4) is described to improve 
the effectiveness of this treatment modality.3 

Figure 4: Elastic bands associ-
ated with power arms as aux-
iliary resources to increase the 
effectiveness of movements 
with orthodontic aligners.

Figure 3: Auxiliary resources 
to increase the effectiveness 
of movements with ortho-
dontic aligners, such as: at-
tachments, skeletal anchor-
age, power arms.
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2. CAN ALIGNERS TREAT COMPLEX CASES?

According to the pioneering company in the manufacture of 
aligners, currently this device could effectively perform large 
dental movements and treat several changes in the dentition, 
such as crowding, overbite, prognathism, crossbite, diastema, 
open bite, whether in the deciduous and/or permanent den-
tition.8 However, few studies evaluated the current scientific 
evidence regarding the effectiveness of treating more complex 
cases with aligners.

In this environment of doubts, a systematic review published 
in 2018, including 22 articles, concluded that ideally, aligners 
should be indicated for cases of mild to moderate malocclusion 
without extractions2. This indication was ratified in an overview 
of systematic reviews published in 2022.10

Only one randomized controlled clinical trial5 compared the 
efficiency of aligners with fixed appliances in treating complex 
cases. This study considered as complex cases the presence of 
Class I malocclusion with 6 mm of crowding, and concluded that 
the in-office aligners can obtain satisfactory results when treat-
ing complex cases using the tooth movement protocol entitled 
SAMMER (Stepwise Activated Movements by Multiple Enhanced 
Re-anchorage). This protocol divides tooth movements into 
three stages and defines 0.25mm as the maximum limit of tooth 
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movement per aligner for transitional movements, and 2° for 
rotations. Attachments can be added where needed. This study 
considered the need for extraction of premolars to resolve the 
complexity of malocclusion and a greater number of aligners.

3. DO AUXILIARY DEVICES INCREASE THE EFFICIENCY OF 
ALIGNERS?
Considering that the aligners manage to move the teeth through 
the pressure transmitted by the plastic to the tooth, some stud-
ies have evaluated the inclusion of auxiliary resources such as 
attachments, interproximal wear, elastics and altered geome-
try of the aligners7,24 (Fig 4). The authors conclude that these 
devices are necessary to obtain the planned results.

A recent systematic review, published in 2022, showed that 
success in tooth movement using dental aligners can be espe-
cially influenced by the use of attachments,7 which are com-
posite resin buttons bonded to the tooth surface with the aim 
of improving retention and facilitate the most complex move-
ments.25 When selecting this type of auxiliary device, several 
factors must be taken into account, such as correct location, 
selection of shape, size and number of attachments, as they 
can directly interfere with the efficiency of dental movement. 
The restrictions of this review are related to the limitations 
of the included studies, causing a great heterogeneity in the 
results.7 The most used attachment formats are horizontal, 
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vertical and bevelled.25,26,27 The extrusive movements are dif-
ficult to execute, due to the lack of elastic deformation of the 
alignment in the vertical direction. Therefore, it is necessary to 
use horizontal attachments and sometimes complement them 
with the use of accessories bonded to the palate surface of 
the teeth, to guide the extrusion of the incisors with the aid 
of elastics.7,24,25 In addition, this type of accessory is also used 
on premolars to increase control retention when using Class II 
or III elastics, and to correct Spee’s curve and deep bite.

When using an aligner system, it must be taken into account 
that the attachments do not necessarily provide anchorage to 
teeth in all cases. It is crucial for an efficient treatment to know 
the type of material, the thickness, and the proper biomechan-
ics, before combining it with different attachments.26,27

Introduced more recently, the “power ridges” are attachments 
that generate a negative bubble in the model, which, after 
plasticizing the aligner, works as a pressure area. They were 
initially designed just to improve root control in incisor tipping 
movements, by putting extra pressure on the root of the tooth. 
Recently they have been extended to improve torque correc-
tion (>3°) and vertical control of the incisor axis, and also in 
simultaneous retraction and extrusion movements.28



Mendes Ribeiro SM, Aragón MLSC, Espinosa DSG, Shibasaki WMM, Normando D — Orthodontic 
aligners: between passion and science19

Dental Press J Orthod. 2023;28(6):e23spe6

In the corrective treatment of moderate malocclusions, it is 
common to complement the treatment with intermaxillary elas-
tics, especially in mild Class II cases. This approach can amplify 
the overbite correction and prevent undesirable inclination of 
the lower incisors, in addition to providing better control of the 
upper incisors during the retraction process.29

Due to the limitations of using elastics, in more complex cases, 
the use of temporary skeletal anchorage is necessary, espe-
cially due to the horizontal and vertical component for sagit-
tal correction, which can displace the aligner. The application 
of anchorage devices is more common in cases of open bite, 
Class  III and Class II. Orthodontic mini-implants can also be 
used in hybrid treatments, adding components of the fixed 
appliance treatment, with the aim of amplifying skeletal maxil-
lary expansion in Class III malocclusion.30 

4. IS TREATMENT WITH ALIGNERS MORE EFFICIENT THAN 
WITH FIXED APPLIANCE?

A systematic review published in 20182 identified a limited 
effectiveness for orthodontic treatment with aligners, mainly in 
movements such as the expansion of the dental arch through 
bodily movements of the teeth, in closing the extraction space, 
in correcting occlusal contacts and in cases of large anteropos-
terior and vertical discrepancies. The Invisalign® system can 
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treat non-extraction cases and mild malocclusion more quickly, 
but requires more treatment time than fixed appliances for 
more complex cases.

Publications up to 2019 were analyzed in a systematic review4, 
and the studies presented a ‘low to moderate level’ of certainty 
regarding the efficiency of tooth movements produced by align-
ers in the face of different types of malocclusion. However, not 
all possible clinical scenarios have been considered. One year 
later, a systematic review associated orthodontic treatment 
with aligners with worse treatment outcomes compared to 
fixed appliances.31

Subsequent to the publication of these systematic reviews, 
in 2021, a study with conflict of interest analyzed the occlusal 
improvement of patients treated with aligners, and demon-
strated that these devices were able to significantly reduce mal-
occlusion in adult patients without extractions. The observed 
improvement rate was 77.44%, considering that values above 
70% suggest a good result.32

When compared to the positive changes in the PAR index, 
between complex cases treated with in-office aligners and fixed 
appliances, both systems showed good completion.5 This ran-
domized clinical trial found no significant difference in treatment 
duration between the studied groups. Apparently, this is a very 
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controversial subject. The results differ from data obtained in 
a previous study,32 in which treatment with Invisalign® aligners 
was 44% longer than treatment with fixed appliances in cases 
of extraction of four premolars, associated with worse results 
compared to fixed appliances.

Regarding mixed dentition, a randomized clinical study pub-
lished in 2022 concluded that patients treated with aligners and 
4x2 fixed mechanics showed similar efficacy and efficiency for 
the correction of crowding of the upper incisors. Similar results 
of post-treatment arch alignment were observed and the treat-
ment time was approximately 8 months in both groups.34

Duration of treatment is another issue that deserves atten-
tion. A clinical study comparing aligners with fixed appliances 
in cases of premolar extraction showed that both approaches 
produced satisfactory results, including space closure and 
effective anchorage control, but treatment time was longer 
with aligners.32 This difference in treatment time was related to 
the fact that Invisalign patients require up to seven months of 
finishing. Other studies have shown that there is no difference 
in treatment time between aligners and fixed appliances.5,23,31,33 
However, it does not seem to be determined by the type of 
appliance alone, as factors related to the patient or treatment 
must be considered31 in addition to the biomechanics used.2 
A  key issue in the effectiveness of aligners remains patient 
compliance and cooperation with treatment.
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5. CAN ORTHODONTIC TREATMENT WITH ALIGNERS IM-
PACT ON THE ORAL HEALTH-RELATED QUALITY OF LIFE?
One of the goals of orthodontic treatment is to improve people’s 
quality of life through less invasive and more comfortable meth-
ods. Fixed orthodontic treatment has been an excellent tool in 
the treatment of various types of malocclusion, but it can have a 
negative impact on quality of life 24 hours after appliance place-
ment and up to three months after treatment initiation.35,36

A systematic review published in 202037 evaluated the impact 
of aligners on quality of life, and concluded that during and 
after treatment, aligners are able to provide a better quality of 
life by causing less chewing and eating discomfort, compared 
to fixed appliances. However, these results may be explained 
by the fact that aligners are removable devices and the patient 
can remove them while eating, and that they are more comfort-
able to wear because they have smooth surfaces and edges.37

When comparing the psychosocial, environmental and physical 
health factors that may influence the use of orthodontic align-
ers, lingual orthodontics and conventional fixed orthodontics, it 
was observed that patients undergoing treatment with aligners 
reported the best quality of life scores, followed by the lingual 
orthodontics group and, lastly, the fixed orthodontics group.38 
It should be borne in mind that sociocultural perceptions may 
vary in different parts of the world. Dental aligners may provide 
a better perception of orthodontic treatment for the patient 
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and his or her surroundings, as it is the most aesthetic treat-
ment on the market that favors the way the patient can relate 
socially, and may even gain greater importance in the era of 
social media. However, these results may be influenced by con-
founding factors, such as the severity of the malocclusion.37

Another confounding factor is the difference in each indi-
vidual’s perception of pain, since physical pain is considered 
one of the most influential factors on the quality of life of 
patients undergoing orthodontic treatment. A systematic 
review found that patients treated with aligners reported 
lower levels of pain compared to those treated with fixed 
appliances during the first days of treatment, but there was 
no difference throughout treatment.39 These results have 
been confirmed by clinical studies published subsequently,40 
including a prospective clinical study.41

It is common that during orthodontic treatment patients 
experience some discomfort during the adaptation process, 
because the devices cause pain or even interfere with tongue 
movements, limiting the space for tongue accommodation and 
therefore the patient’s speech.42,43,44
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Because they are plates that cover the tooth surface, align-
ers may cause discomfort to the patient in verbal articula-
tion.38 Several studies have reported that esthetic aligners 
can influence the clarity and articulation of speech, in a more 
pronounced way than fixed appliances.37,41 These interfer-
ences are mainly errors in the articulation of sibilant sounds 
and alveolar fricative consonants (s and z), and interference 
in primary phonemes (including /s/, /z/, /zh/, /sh/, /th/, /ch/). 
It has also been reported that these speech difficulties were 
temporary and most patients were able to adapt around 7 
to 14 days from the start of treatment, while a few patients 
took up to 60 days for normalization.41,45 These interferences 
should be informed to the patient before the start of treat-
ment with orthodontic aligners.46,47

6. WHAT IS THE REAL AESTHETIC ACCEPTABILITY OF 
ALIGNERS?
To date, little research has been conducted to assess patients’ 
perceptions of the appearance of aesthetic appliance systems 
such as aligners, with or without attachments. In one study, 
photographs of patients smiling with aligners, smiles with 
aligners and attachments on posterior teeth only, aligners 
with attachments on anterior and posterior teeth, and smiles 
of patients wearing ceramic brackets were evaluated using eye 
tracking.48 The results indicated that although adult patients 
desire aesthetic appliances, what is considered aesthetic varies 
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by demographic, and many prefer the appearance of minimal 
accessories and ceramic brackets to aligners with multiple 
attachments. Therefore, in patients with complex movements 
that require many attachments, it may be more appropriate to 
use ceramic brackets.

One study evaluated the satisfaction of patients who com-
pleted treatment with aligners in relation to their appearance, 
and found moderate to high levels of satisfaction. This sug-
gests that the aesthetic acceptability of aligners is a consid-
eration in the patient’s choice of device.49 In a descriptive 
cross-sectional study conducted using questionnaires assess-
ing the perception and satisfaction of patients treated with 
orthodontic aligners,50 it was observed that the main reason 
for choosing this treatment modality was mainly its “invisibil-
ity” ( 89.7%), and 58.8% of patients would be satisfied with the 
aesthetics of the aligners.

In the meantime, orthodontists should demonstrate and dis-
cuss with patients the various options for orthodontic appli-
ances so that the decision is centered on the patient.
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7. DOES TREATMENT WITH ORTHODONTIC ALIGNERS RE-
SULT IN GREATER STABILITY AFTER TREATMENT?
There is little evidence on the stability of aligner treatment com-
pared to conventional fixed appliance therapy.1 A systematic 
review and meta-analysis evaluated the efficiency, efficacy, and 
stability of clear aligner treatment compared with conventional 
bracket treatment in four controlled clinical trials involving a total 
of 252 participants51. The authors noted that reduced treatment 
time and chair time in mild to moderate cases appeared to be the 
only evidence in favour of aligners over conventional systems. 
No difference in stability and occlusal characteristics after treat-
ment was found between the two systems.51

8. DOES TREATMENT WITH ORTHODONTIC ALIGNERS 
CAUSE LESS ROOT RESORPTION THAN FIXED APPLIANCES?
Preserving tooth structure during orthodontic movement is 
one of the main concerns of orthodontists. A systematic review 
published in 2017 found that cases of mild to moderate maloc-
clusion without the need for extractions treated with aligners 
may be associated with a lower incidence of root resorption than 
treatment with fixed appliances. Research on extraction cases 
is needed to better assess the incidence and severity of root 
resorption following the use of these removable appliances.52

A systematic review with meta-analysis published in 2019 sug-
gests that external root resorption was significantly lower in 
treatments with clear aligners than with fixed appliances, and 
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that aligners may not prevent root resorption, but the incidence 
and severity of resorption may be less compared to the results 
reported with treatment with fixed appliances.53

In 2021, a study justified this lack of significant change by stat-
ing that aligners absorb less energy because they permanently 
deform under moderate to heavy loads and have significantly 
less elasticity compared to metal archwires with memory. 
Clinically, crowding that can be resolved with a single nick-
el-titanium wire requires multiple aligners to correct.54 A more 
recent prospective clinical study compared apical root resorp-
tion (ARR) in fixed orthodontic appliances and clear aligners 
using more sensitive examinations such as cone beam com-
puted tomography (CBCT). The authors showed that resorption 
was greater in patients treated with fixed orthodontic appli-
ances than in those treated with clear aligners. The severity of 
resorption was significantly less in the clear aligner group than 
in the fixed appliance group.55

The prevalence of apical root resorption (ARP) in clear aligner 
patients remains controversial. The literature shows that 
the prevalence of ARR in patients treated with clear aligners 
is 56.30%, which is significantly lower than the fixed appli-
ance group, which has a prevalence of 82.11%. The teeth 
most affected by root resorption were the maxillary canine 
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and lateral incisor in the fixed appliance group and the least 
affected were the mandibular canine and lateral incisor in 
the clear aligner group.54

The presence of optimized attachments did not show a signifi-
cant association with resorption, as did age and gender. A pos-
sible explanation would be that the intermittent force on the 
aligner allows the cementum to heal, reducing the severity of 
root resorption.56

9. ARE ORTHODONTIC ALIGNERS BIOCOMPATIBLE?
When we raise the possibility that materials or treatments may 
affect an individual’s health, we need to safely evaluate these 
effects. Analysis of the potential release of Bisphenol-A (BPA) 
from the thermoplastic material used to make Invisalign® align-
ers showed no estrogenic and toxic effects of the aligner mate-
rial on human growth factors (HGFs).57

A systematic review published in 2022 analyzed the release of 
toxic substances from 3D resins used in orthodontics and their 
systemic toxic effects. The review found that most toxicity stud-
ies are in vitro and that cytotoxic effects or estrogen levels can-
not be confirmed based on limited preliminary evidence in this 
type of study. Although mixed results are described, 3D-printed 
aligners may have higher levels of cytotoxicity and genotoxicity 
compared to thermoplastic resins, especially those that have 
not undergone a final surface treatment. Therefore, clinical 
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studies analyzing saliva, blood or even urine should be carried 
out to determine the levels of monomers released in humans 
during the use of these devices.58

An in vitro study evaluated a new light-curing resin specially pro-
duced for direct 3D printed aligners, Tera Harz TC85A (Graphy, 
Seoul, South Korea). During aging of these 3D-printed aligners, 
no factors were found that were cytotoxic to human gingival 
fibroblasts and did not affect their intracellular oxygen levels, 
and no estrogenic effects were observed.59

A systematic review published in 2022 analyzed 15 in vitro 
studies and found that aligner materials were considered to 
be slightly toxic and that cell proliferation was reduced; stud-
ies showed that aligners did not have an estrogenic effect; 
no monomer release could be confirmed, suggesting that the 
chemical is stable. The review also analyzed a randomized clin-
ical trial that examined the levels of BPA in the saliva of 45 
patients before and after using aligners, and found significant 
levels of BPA. Given the very high levels of BPA release observed 
in the single clinical study, and taking into account other possi-
ble dangers of small traces of BPA (even at low doses), as well 
as the numerous adverse events associated with clear aligners 
or clear retainers, it seems that the safety of these devices may 
be questionable and that more clinical biocompatibility studies 
are needed on this topic.60
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A more recent systematic review, published in 2023, aimed to 
examine the available evidence on the release of BPA from ther-
moplastics used in the manufacture of clear aligners. Six stud-
ies were included in the review from a total of 1,926 records, 
including one randomised clinical trial and five in vitro studies. 
Only two studies found BPA release, while four reported no 
traces. The level of evidence ranged from low to very low. Given 
the conflicting evidence, the release of BPA from clear aligners 
cannot be confirmed or denied. Safety remains questionable 
until in vivo testing addresses this issue. In addition, it would 
be desirable for aligner manufacturers to be more transpar-
ent about the materials that aligners are made of, rather than 
keeping them a “trade secret”.61

10. WHAT IS THE EFFECT OF ORTHODONTIC ALIGNERS ON 
DENTAL AND PERIODONTAL STRUCTURES?
A randomized clinical trial has shown that aligners allow for bet-
ter plaque control and oral hygiene62 because they are remov-
able. This reduces the risk of developing white spot lesions 
and gingival inflammation. Therefore, orthodontic treatment 
with removable aligners could be recommended for patients 
at high risk of caries and/or periodontal disease.63

A systematic review found that there is a percentage of patients 
who develop new white spot lesions after aligner therapy, rang-
ing from 1.2% to 41.18% in the included articles. However, the 
number of patients who developed white spots after aligner 
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treatment (41.18%) is lower than those who underwent fixed 
orthodontic treatment with self-ligating brackets (63.64%) and 
conventional pre-adjusted brackets (52.94%).64

11. HOW DOES THE USE OF PLASTIC ALIGNERS AFFECT THE 
SUSTAINABILITY OF THE PLANET?
The environmental impact associated with plastic aligners is an 
aggravating factor for sustainability.65-67 The aligners are mainly 
made of PET (polyethylene terephthalate), PETG (polyethylene 
terephthalate glycol) or TPU (thermoplastic polyurethane), as 
well as other petroleum-based polymers that release a variety 
of nanoplastics. These components can affect marine life and 
ultimately cause climate change, as well as causing diseases 
such as immune system disorders, prostate enlargement, dia-
betes, hyperactivity, infertility, obesity, puberty and breast can-
cer in humans.68

Aligners can be considered an environmental hazard. As they 
are polymers, they cannot be disposed of as waste without 
special care. Their disposal must take into account the impor-
tance of these properties and the risk of contamination of the 
environment. There is also a risk that they may be a means of 
spreading cross-infection, because they have been used in the 
oral cavity of patients and discarded without care in the gen-
eral waste. Aligners should not be subject to basic recycling, as 
they are classified as medical waste.65
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A solution to this problem would be to make professionals and 
patients aware of the importance of collecting aligners after 
clinical use, using waste collectors for used aligners that can be 
cleaned and sent to a recycling company. This would prevent 
the spread of infection and ensure the correct disposal of this 
material as contaminated and non-biodegradable.69,70

Although manufacturers claim that aligners do not release BPA, 
recent research has found traces of this compound in both 
thermoplastic-based and vacuum-formed aligners. Therefore, 
considering the relevance of exposure to BPA, it is best to mini-
mize or eliminate it. It would be beneficial to soak the aligner in 
water at 37ºC for 1 day before use, and it is extremely important 
to make the orthodontist aware of this matter. Consideration 
should be given to the proper disposal of the aligners, with a 
view to their safe reintroduction into the production process 
to protect the environment.70

CONCLUSION 
There is an urgent need for well-designed randomized clinical 
trials on orthodontic aligners. Taking into account the limita-
tions of the currently available studies, we can conclude that:

» Considering the variety of movements performed in ortho-
dontics, there is evidence that aligners have different 
levels of difficulty in performing each type of movement. 
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Rotational and vertical movements are considered the 
most difficult to perform with aligners, with difficult control 
and low predictability. On the other hand, buccolingual and 
transversal movements seem to be easier to perform with 
these appliances. Therefore, aligners can be considered a 
good alternative for the orthodontic treatment of mild to 
moderate cases that do not involve large rotations and/or 
vertical movements, unless they are supplemented with 
auxiliary devices such as elastics, attachments and skeletal 
anchorage. Therefore, in complex cases, orthodontic treat-
ment seems to be more effective when carried out with 
fixed appliances. 

» Regarding the perception of pain caused by tooth movement, 
aligners seem to have less impact at the beginning of treat-
ment. However, after the first few months of treatment, pain 
perception is similar between aligners and fixed appliances. 
On the other hand, at the beginning of treatment, aligners 
produce more phonoarticulatory changes than fixed appli-
ances. When considering the other components that affect 
quality of life, the current evidence suggests that treatment 
with aligners has a similar effect to fixed appliances.

» Few studies have been conducted to assess patients’ per-
ceptions of the aesthetic impact of orthodontic appliances. 
Although some studies suggest better aesthetic acceptance 
of aligners, orthodontists should present and discuss this 
issue with patients, as it is highly subjective.
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» Compared to fixed appliances, aligners seem to require 
more treatment time in more complex cases. There is no 
evidence of differences in post-treatment stability between 
the two treatment systems.

» Evidence suggests that aligners do not prevent root resorp-
tion from occurring, but the incidence and severity of resorp-
tion may be less than that reported with fixed appliances. 
Another possible advantage of aligners is that they facilitate 
oral hygiene because they are removable, reducing the risk 
of white spots, tooth decay and periodontal disease.

» Tissue exposure to the release of isocyanate from plas-
tic aligners can cause adverse oral health effects, such 
as allergic contact reactions, and we still have dysphagia 
and salivary flow, which increase when the patient uses 
removable appliances; and this may be considered unfa-
vourable. Given the conflicting evidence, the release of 
BPA from clear aligners cannot be denied. Safety remains 
questionable until high-quality in vivo testing provides 
better evidence on this issue.

» Because they are made of plastic, and because of the risks 
associated with this material, manufacturers and orthodon-
tists need to find solutions that reduce the environmental 
impact of discarding aligners.
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