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ABSTRACT

As the demand for esthetic treatments is increasing, more people are seeking alternatives to fixed orthodontic appliances. Clear align-
ers are an esthetic and comfortable option for orthodontic treatment and have gained immense popularity over the last decade. This
review will highlight the increasing popularity of clear aligners by describing some aligner systems frequently used today. The scope,
limitations, effectiveness, efficacy, and stability of treatment results achieved with this method will be discussed. Further, this paper
will assess the possible side effects caused by clear aligner treatment.
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INTRODUCTION

The increase in the number of adult orthodontic patients has prompted an upsurge in the demand for esthet-
ic and comfortable alternatives to conventional fixed appliances (1-4). Clear aligners that satisfy this demand are
also prone to rapid technological improvements in aligner materials and production techniques (1). Developments
in clear aligner technologies have increased the number and complexity of cases treated with this method (5).
Clear aligners provide an esthetic and comfortable treatment experience, facilitate oral hygiene, cause less pain
as compared to fixed orthodontic appliances, reduce the number and duration of appointments, and require less
emergency visits (6-8). However, the expense in production, dependency on patient cooperation, and the inability
to treat certain malocclusions limit the usage of clear aligners (1, 3, 5, 9-12). An electronic search in the English
language was conducted in December 2017 in the following electronic databases: Google Scholar, Web of Science,
and PubMed. We checked the bibliographies of included papers and relevant review articles. Only prospective and
retrospective human studies were included while animal studies, editorials, and case reports were excluded.

Clinical and Research Consequences

According to production methods, clear aligner systems can be broadly grouped into two categories; aligners
made from thermoplastic materials via manual set up and systems using CAD-CAM technologies to design and
produce aligners (13). It is impossible to describe each system in this review; therefore, the most widely used
systems will be discussed.

Aligners Produced by Manual Set up

The manual approach is a labor-intensive process, requiring manual repositioning of the teeth, wax setting, and
production of vacuum-formed retainers. This approach allows the fabrication of aligners easily in laboratory con-
ditions in a cost-effective manner. It also facilitates the follow-up process of the treatment and allows the ortho-
dontist to make the necessary treatment changes at an earlier stage.
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Full arch impressions are taken using polyvinyl siloxane mate-
rial and a working cast is obtained. On the working casts, teeth
that are planned to be moved in each aligner are determined
and removed from the cast using a 0.25-mm handsaw. The sep-
arated target teeth are then moved to the desired position and
are fixed using the block-out wax. If needed, the interproximal
reduction is performed at this stage. After this realignment,
plastic sheets are molded on the setup model using a pressure
molding machine or vacuum machine. Following the final trim-
ming procedures, a 3-piece set of aligners are delivered to the
patient (19).

Aligners are produced in various thickness levels (0.020-inch,
0.025-inch, or 0.030-inch). The use of gradually thickening align-
ers provides more control on tooth movement and reduces the
pain caused by orthodontic forces. With one set of impressions,
two or three aligners of various thickness levels are produced,
and the patient is instructed to use each aligner for 10 to 15
days. The aligners are fabricated from a new working cast and
obtained from a new impression taken at each visit, which al-
lows the clinician to modify the treatment plan throughout the
course of treatment, and to be able to follow the progression
of tooth movement (14, 15). Clear Aligner system CA (Scheu
Dental, Germany) is an example of aligner systems requiring a
manual setup. In this system, a computer program, Aligner Aid
(AAP, IV- Tech, South Korea) is used to accurately measure the
tooth movement obtained. It is possible to measure the tooth
movement by naked eye visualization, but this program is rec-
ommended when more than one tooth is to be moved. Before
the initial setup is made, a photo of the working cast is taken
using a digital camera, and this photo is superimposed over the
photo of the setup model. The program measures the distance
and angle of the teeth that are to be moved and recommends
that the total teeth movement obtained in one set of aligners be
limited to 5 mm (14, 15).

Aligners Produced by CAD-CAM Technologies

The incorporation of digital technology has revolutionized the
practice and appliances used in orthodontics. As in other fields
of dentistry, CAD-CAM systems have become involved in ortho-
dontics and aligner treatment.

Invisalign® being the best-known aligner system has become a
generic name for other high-quality systems using CAD-CAM
technology This system is known to be the most sophisticated
and most commonly used clear aligner technology currently
available (1). In 1999, the Invisalign® system was introduced to
the orthodontic market to treat mild malocclusions only; how-
ever, the development of different attachments and auxiliaries
now enables Invisalign” system to perform major tooth move-
ments and treat more complex cases such as those requiring
premolar extraction (16-18). Aligners in Invisalign® system are de-
signed and produced using CAD-CAM technology (13). The com-
bination of computerized virtual treatment planning, and stere-
olithographic prototyping technology for manufacturing gives
Invisalign” a leading role in aligner therapy (4, 5, 19, 20).Today,
Align Technology continues to be a leader in the market, and In-
visalign has become a household name for aligners produced by

computers since more than 4 million people are treated by this
system. Meanwhile, literature research in 2015 revealed approxi-
mately 27 different clear aligner systems on offer, a number that
continues to increase rapidly (21-26).Companies like Orthero,
ECligner, EON Aligner, and Clear Correct are examples of other
aligner systems created using computer technology

Biomechanics of Aligner Treatment

Understanding the mechanics of tooth movement using align-
ers could lead to the more appropriate selection of patients and
more accurate treatment sequencing, leading to better results
(10).

Tooth movement mechanism with clear aligners can be explained
from two different perspectives: the displacement driven system
and the force driven system (10, 21). The displacement driven sys-
tem mainly controls simple movements such as tipping or minor
rotations. Aligners are formed according to the position of the tooth
in the next staged location and the tooth continues to move until
it lines up with the aligner. This system is known to be less effec-
tive in controlling tooth movement and is insufficient in producing
root movements. The force driven system, however, requires bio-
mechanical principles to facilitate tooth movement. Aligners are
designed to apply desired forces on the tooth. The shape of aligners
to produce such forces is not necessarily the same as the shape of
the tooth. The movement required for each individual tooth, me-
chanical principles to accomplish this movement, and the aligner
shape are determined via Clincheck’ (Align Technology, Santa Clara,
CA, USA) software. The aligner shape is altered via pressure points or
power ridges in order to apply the desired forces (4, 10, 21). Pressure
points lead to more difficult uprighting and intrusion movements,
whereas power ridges control axial root movements and torque (1,
27) (Figure 1, 2).

Despite the alterations in the shape of the aligner, movements such
as root paralleling, extrusion, and rotation were still difficult to ob-
tain using aligners until Align Tech. (Align Technology, Santa Clara,
CA, USA) introduced smart force attachments for the Invisalign®
system. These attachments are small composite bulges designed to
produce a force system favorable for the designed movement. Their
position and shape are determined via Clincheck” software accord-
ing to the movement to be obtained. Extrusion attachment, rota-
tion attachment, and root control attachments are currently used.
Extrusion of a single tooth is moderately difficult using clear aligners
when compared to fixed-appliance systems, however, some auxilia-
ries such as buttons and elastics can be used to facilitate this move-
ment. Also, the extrusion of a group of teeth (i.e,, maxillary incisors)
can be performed using aligners (Figure 3).

The use of temporary anchorage devices in combination with
clear aligners further widened the range of treatments possible
with aligners (27, 28).

Scope and Limitations of Treatment with Clear Aligners

Although the number and complexity of cases treated with clear
aligners continue to increase, it is impossible to treat all kinds
of malocclusions with this system. Clear aligners are convenient
in mild to moderate crowding or diastema, posterior expansion,
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intrusion of one or two teeth, lower incisor extraction cases, and
distal tipping of molars. Movements like extrusion, correction
of severe rotations, molar uprighting, and closure of extraction
spaces are known to be more challenging to accomplish with
aligners. Even so, incisor extrusion, molar transition, and closure
of extraction spaces are possible with the use of attachments in
the Invisalign® system (4, 9, 18, 23).

Efficacy and Efficiency of Clear Aligners

As the demand and interest toward the clear aligner system con-
tinue to grow, questions regarding the efficacy of the system
remain (20, 29). To date, published data include little clinical re-
search on the effectiveness and efficacy of clear aligners (1, 30).
Previous literature primarily includes case reports or descriptions
of the product, making it difficult to objectively characterize the
efficacy of clear aligner systems (29, 30).

Clinical Effectiveness of Clear Aligners

In 2005, Djeu et al. (31) conducted the first retrospective cohort
study on the effectiveness of clear aligners, which compared the
treatment results of Invisalign® patients with the results of con-
ventional fixed braces using the American Board of Orthodon-
tics grading system. They reported that both systems are equally
effective in space closure, marginal ridge alignment and, root
paralleling; however, the Invisalign® system is deficient in the
correction of anteroposterior discrepancies, providing occlusal
contacts, and posterior torque.

Figure 1. Power ridges

Parallel to the previous study, Kassas et al. (32) reported that the
clear aligner system is effective in leveling and aligning arches
in mild and moderate cases and in correcting buccolingual in-
clinations effectively, however, it is not sufficient for providing
ideal occlusal contacts. The deterioration in occlusal contacts is
caused by the thickness of aligners, which interferes with the set-
tling of the occlusal plane. Kravitz et al. (20) evaluated the accu-
racy of tooth movement obtained by the Invisalign® system and
reported that only 41% of the predicted tooth movement was
achieved. The most effective movement was lingual constriction
(47.1%), the least accurate was extrusion (29.6%), and only 33%
of predicted rotation correction was achieved.

The lower canine is the most difficult tooth to control. Weihong et
al. (33) evaluated the effectiveness of the Invisalign system on mild
to moderate cases treated with premolar extractions and com-
pared the treatment results obtained with fixed appliances. Their
results revealed that both systems can be used in the treatment
of extraction cases, and that root angulation attained with clear
aligners are adequate when proper attachments are to be used.
However, it should be kept in mind that treating extraction cases
requires experience and extensive knowledge of the system (34,
35). The majority of the literature focuses on the effects obtained
via the Invisalign system. Yildinm et al. (36) investigated the effi-
cacy of tooth movements obtained with clear aligner appliances.
In their study, retrusion was found to be the most accurately ob-
tained tooth movement followed by a rotation, fan-type expan-
sion, and protrusion respectively. Retrusion of mandibular central
incisors is considered to be the most accurate single-tooth move-
ment, whereas the rotation of mandibular canine is the least accu-
rate movement. Due to the lack of scientific data and poor meth-
odologies of the available studies, results should be interpreted
with caution. Further research is required in this field (19, 35).

Time Efficiency of Clear Aligners

Time efficiency is an important outcome to consider for private
practice orthodontists because spending less time with one pa-
tient in the clinic and completing the treatment earlier both
pleases the current patient and allows the orthodontist to treat
more patients (37). Bushang et al. (38) investigated the difference
between conventional fixed appliances and Invisalign® aligners in
terms of total treatment time and chair time in non-extraction pa-
tients. Total treatment time was found to be 67% lesser in the In-

Figure 2. Root control attachment

Figure 3. Extrusion of anterior teeth using aligners
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visalign® group. The short duration of treatment with aligners was
asserted with the absence of the finishing and detailing phase,
which can take up to 6 months with fixed appliances. On the con-
trary, in extraction cases, Invisalign® treatment duration is 44% lon-
ger as compared to fixed-appliance treatment (33). Patients with
good compliance are required to visit the orthodontist in 10-12
week intervals in aligner therapy, whereas 4-6 week intervals are
inevitable when treating with fixed appliances. Therefore, more
appointments are required in fixed appliances therapies (38). Also,
the chair time is found to be significantly shorter in clear aligners
group, allowing the clinician to treat more patients (38, 39).

Effects of Clear Aligners on Periodontal Status and Oral Health
As the number of adults treated with clear aligners increased,
the periodontal effects of this treatment were found to be neg-
ative in the literature (40-42). Use of clear aligners facilitates oral
hygiene, thus improving the periodontal status and causing a
decrease in plaque levels, gingival inflammation, bleeding upon
probing, and pocket depth (2, 40). Fixed appliances and wires
made plaque control difficult and had adverse effects on peri-
odontal tissues, making orthodontic treatment a predisposing
factor for periodontal diseases (43). However, according to the
study of Han et al. (40), with careful oral hygiene education and
repeated plaque control, patients treated with fixed appliances
and clear aligners showed similar gingival and plaque index.
Clear aligners not only promote better oral hygiene, and better
periodontal health but also reduce the plaque accumulation and
the development of white spot lesions. According to the study
of Azeem et al. (44), orthodontic treatment with clear aligners
showed a low incidence of newly developed WSLs.

Post Orthodontic Treatment Stability of Clear Aligners

As in all types of orthodontic treatment, stability is one of the most
important issues to discuss regarding clear aligners. One study
investigated the post-retention stability outcomes of cases treat-
ed with clear aligners and fixed orthodontic appliances using the
American Board of Orthodontics objective grading system (30). Re-
tention protocol included only the use of removable thermoplas-
tic Essix retainers and no fixed retainers were applied. Three years
following the retention phase, relapse was seen in both groups
in terms of total alignment, however, maxillary anterior leveling
seemed to be stable in the fixed appliances group but relapsed in
the Invisalign group (30). This data can only provide a preliminary
insight for post-retention outcomes of clear aligners and the results
cannot be generalized since only removable retention appliances
were used and the researchers relied heavily on patient coopera-
tion. Since clear aligner therapy is a relatively novel treatment meth-
od, retention studies regarding aligners are limited in the literature
and further investigation is required on this subject (16, 30).

Root Resorption and Clear Aligners

Root resorption is one of the chief problems of orthodontic treat-
ment and it is known that fixed orthodontic appliances can give
rise to root resorption, generating excessive pressure at the apical
level and causing external apical root resorption (45-48). However,
few studies have assessed root resorption caused by thermoplas-
tic aligners. A systematic review conducted in 2017 that could in-
clude only three studies concluded that aligners could also cause

root resorption at the end of orthodontic treatment; however, the
incidence and severity are lower as compared to fixed appliances
(49). Another study stated that the incidence of root resorption
caused by aligners is similar to the resorption caused by light or-
thodontic forces (50). According to the study by Gay et al. (49),
41.81% of teeth showed signs of apical root resorption after clear
aligner treatment, with upper and lower incisors being the most
affected teeth. This situation is explained by the root structure and
the great extent of movement shown by the incisors.

CONCLUSION

«  Clear aligners provide an esthetic and comfortable option
to conventional fixed mechanics.

«  Obtaining periodontal health is easier in patients treat-
ed with clear aligners and less white spot lesions develop
during the treatment.

«  Clear aligners can be used in mild to moderate crowding
cases but caution must be exercised in complex cases.

+  Root resorption is still a risk associated with orthodontic
treatment in aligner therapy, such as in fixed appliances.

«  Long term stability studies are required in this field.
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