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Abstract

Background: clear Aligner Therapy (CAT) has transformed orthodontic treatment by offering a
comfortable, discreet, and removable alternative to traditional braces. Initially designed for minor
tooth movements, but has expanded its reach thanks to the integration of various auxiliaries and
advancements in biomechanics. The objective of this paper is to review the most essential auxiliaries
that enhance its efficacy, control, and predictability.

Methods: an overall search was carried out over multiple databases, including PubMed, Google
Scholar, and SciELO, to identify literature on auxiliaries used in orthodontic clear aligner therapy
published between 2000 and 2025. In addition, pertinent chapters from leading publications on
invisible orthodontics discussing clear aligner therapy were included.

Results: to share the input collected from the scientific literature, the authors developed the
following sections to structure the content: definition and types of auxiliaries, location of auxiliaries,
function of auxiliaries, comparison between types and the role of each auxiliary.

Also, there are subdivisions in some sections to be explained more deeply in that subject matter.
Conclusion: CAT has been improved by using auxiliaries for better results with less relapse, like
brackets, power ridges, elastics, TADs, and MARPE. The orthodontist selects the appropriate type
according to each case to get better anchorage, especially in complicated orthodontic cases.

Keywords: Clear Aligner Therapy, Attachments, Power Ridge, Bite Ramp, Pontic, TADs, MARPE,
Elastic Hooks, Aligner Chewies.

1. Introduction

From the day of the invention of the Tooth Positioner (TP Orthodontics) in 1944, removable
appliances have been used until the discovery and invention of clear aligners, which have been
implemented for cases that require mild to moderate orthodontic tooth movements [1]. So, as a
definition, Therapy with clear aligners is a way of aligning teeth that uses transparent, plastic
aligners that are custom-made. Aligners can give a slight and gentle amount of pressure to the teeth
that will start moving the teeth in a gradual amount into the correct position. It also has the benefits
of being nearly invisible, also it it can be as comfortable as possible to wear, and can be removed for
eating and brushing, allowing it to be utilized to treat a variety of orthodontic difficulties [2].
Auxiliaries and biomechanical advancements have allowed aligners to accomplish more complex
movements, which were previously limited to minor corrections. Adjuncts like bite ramps, pressure
points, power ridges, elastics, interproximal reduction (IPR), temporary anchorage devices (TADs),
and expanders increase the range of movements that aligners can accomplish, as highlighted by Weir
et al. [1]. As a summary, clear aligner therapy can be an effective method in giving the patients a
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great smile while being invisible, comfortable, and easy to clean, maintaining oral hygiene with the
help of auxiliaries suitable for each case.
2. Attachments

Martz first presented the idea of attachments in 1988. He explained a detachable tool for positioning
teeth and suggested composite buttons that were cemented to provide components that an aligner
could "hook onto" to enable motions [3]. Because of its aesthetic appeal, simplicity of clinical
manipulation and micromechanical bonding to etched enamel tooth structures, composite resin is
employed as an attachment [4]. The attachments can be directly applied to the tooth surface, using
composite material, enabling the aligner to apply the stress on the tooth surface more effectively [5],
[6]. Attachments ensure retention while also enabling intricate tooth movements, including
translation [7]. By employing finite element (FE) techniques, the impact of attachments on the
maxillary dentition's closing diastema was examined by Yokoi et al. [8], and they concluded that
attachments were necessary to achieve physical mobility. Attachments have little effect on tipping
moment or tensile forces, according to Goto et al. [9]. The active surface, passive surface, and base
are the three components that make up attachments.

The particular portion of the attachment that will make contact with the aligner's plastic in order
to produce the required force vectors and ensuing tooth motions is known as the active or functional
surface. Stated otherwise, the aligner's pushing forces are received by this portion of the attachment.
Effective force vectors frequently have a direction perpendicular to the active surface because the
orientation of the active surface dictates the direction of force systems [10]. The passive surface is
the portion of the attachment that remains in the buccal face and serves to stabilize the attachment.it
can help aligner fitting, or at least make it easier Since the surface roughness of the materials used
for attachments today wears down with time, a low-volume passive surface could be
counterproductive because it would increase the chance of fracture, wear, or detachment of the
attachment, reducing its durability [11].

The portion of the attachment that secures to the tooth crown is called the base, last but not least
[12]. The bevel is another idea related to attachment terminology. An attachment's bevel is an
oblique incision at the edge or tips that results in the attachment's pointed end to create a level,
angled surface. Fit problems with rectangular attachments led to the suggestion to use a bevel.
Because the angle of emergence at the interface between the tooth and the attachment is a right
angle, this attachment design necessitates that the aligner be fully seated on the attachment. Because
the gap in the aligner only needs to cross the corner of the attachment's bevel, adding a bevel makes
the aligner adaptation more user-friendly [13].

2.1 Attachment size and location

An attachment with a large active surface area (both in length and thickness) maximizes the contact
region of the aligner to produce pushing forces [14]. In order to extrude a mandibular canine, Tian et
al. used finite element analysis to test vertical and horizontal rectangular attachment designs in
various sizes and positions. They found that while increasing attachment size increased the force on
the periodontal ligament, which enhanced the extrusion effect, it also increased tilting in other
directions [15]. It is advised to use a standard size of 3 mm for both width and length for horizontal
and vertical attachments, respectively. The larger attachment was able to generate more force, but
not only in the targeted direction but also in other axes that caused unfavorable movements,
according to a study by Costa et al, [16]. The attachment's placement impacts the best point of force
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application and aligner retention. Biomechanical principles suggest that moving the force action
away from the tooth's center of resistance results in an increased tilting moment [10].

Attachments at the gingival margin of the tooth exhibit less tilting compared to those near the
incisal edge or occlusal surface. Initially, it was thought that attachments along the incisal margin
would be more effective in retention [17]. As aligners become less flexible at this level, research
indicates that attachments close [18], [19]. The gingival margin helps retain appliances. The
attachment should be at least 1.5 mm from the aligner's gingival edge to avoid unwanted plastic
bending [17]. When using clear aligner therapy, orthodontists may have the opportunity to optimize
treatment plans while shortening the treatment time, and the results will be more precise and
predictable by having a superior knowledge and understanding of the biomechanics of various
attachment designs [20].

2.2 Types of attachments

Derakhshan advocated classifying attachments based on their association with virtual planning
software. A real attachment is a composite attachment that is bonded onto the patient's teeth. Virtual
attachments are virtual representations of attachments or shapes formed in the aligner that are not
physically cemented onto the patient's teeth. A window attachment creates room around a tooth to
allow for movement or isolate it from adjacent teeth [12]. Attachments can be categorized into two
groups: conventional attachments and optimized attachments [21].

2.2.1 Conventional attachments

Conventional attachments are considered a passive attachment that facilitates aligner engagement
and bonding with the teeth. They serve as a handle for the aligners to move teeth. They can be put in
by clinicians during design and include standard shapes [22]. Conventional attachment is the most
popular option for space closure and aligner retention [23]. There are three types of conventional
attachments:

e Ellipsoid attachments

The ellipsoid form lacks a defined active surface, making it the least powerful attachment type.
However, they may only be used on specific tooth surfaces, such as the lingual side of mandibular
second molars or peg-shaped lateral incisors [24]. Different attachment forms and materials that
impact aligner adherence have been investigated by Dasy et al. [19]. Ellipsoidal attachments had
been reported not to significantly modify the force required to remove the aligner, hence supporting
its retention [17].

e Rectangular attachments

Rectangular attachments can be inserted in a vertical or horizontal way, as shown in Fig. 1, usually in
the center of dental crowns. However, they can be changed to any position based on the intended
tooth movement. Horizontal rectangular attachments help improve and increase the retention of the
aligner on short crowns and assist in the management of root position, such as buccal torquing of
molar roots. Also, they are often used in the management of advancement of mandible. In unilateral
crossbite, they can be used on the side with no crossbite to provide anchorage and support for the
repair of posterior crossbite. When software cannot place optimized attachments, vertical rectangular
attachments are applied for control of the root, such as mandibular incisors, in circumstances where
one lower incisor is extracted [22].

A study found that employing vertical rectangular attachments for arch distalization reduced
mesiodistal tilting of the tooth during movement. This study found that vertical attachments had the
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most adverse effects of the attachments, such as torque, tipping, and intrusive force. Flat active
surfaces on premolar teeth led to optimum performance during de-rotation [25].

Fig. 1 Rectangular attachment(on the left side, horizontal rectangular and on the right, vertical rectangular attachment.
e Bevelled attachments

Rectangular attachments are bevelled in a horizontal and vertical direction (Fig 2) in order to
reinforce and increase aligner retention. For the purpose of extruding a tooth, a horizontal attachment
directed towards the gingiva works best. Also, for inserting a tooth, an attachment that is horizontal
and occlusally bevelled tends to be preferable. An attachment that is bevelled vertically enables
rotating movements [23]. The bevel's flat surface provides a suitable platform for exerting aligner
force, resulting in successful tooth movement [5]. A realization of Costa et al. [16]. After observing
the force effect that is generated by three attachment designs during maxillary central incisor
extrusion in three planes (X, Y, and Z). His research reached that a bevelled attachment figure
increased the extrusion ability of the aligner while reducing tipping variations in relation to that
extrusion.

Fig. 2 bevelled attachment (on the left a vertical bevelled attachment and on the right a horizontal bevelled attachment.
2.2.2 Optimized attachment

Invisalign offers optimized attachments as part of its Smart Force features, as shown in Fig. 3. These
attachments are unique because the Align Technology algorithm determines their shape, size, and
position [26]. Research that is held by Karras et al. Found that optimized attachments are more
powerful in the rotation of teeth, whereas other attachments, like conventional attachments, are a lot
much efficient in extruding the teeth[24]. A study used finite element analysis to examine how
attachments affect stress distribution during canine distalization. A comparison between two
optimized ellipsoid attachment aligners to an aligner with no attachments. This experiment found
that canines with attachments moved in approximately parallel patterns. Models lacking attachments
exhibited uncontrolled angular movement, with minimal movement in the root area of the tooth [27].
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Fig. 3 optimized attachment.

3. Power ridge

Power ridges are elevated elements on aligners that are intended to increase the force applied to
particular teeth and boost the effectiveness of movement, as shown in Fig. 4. According to Dai et al.
[28], power ridges with aligners greatly increase the speed at which teeth move, and Weir et al. [1]
mentioned that they also helped with alignment, shortened treatment times, and increased patient
satisfaction. Studies have revealed a propensity for central incisors to lose torque and extrude in
extraction cases, especially in first premolar extraction. Double power ridges can produce lingual
root torque, while a single power ridge cannot, as shown in Fig. 5. Additionally, they noticed that
displacement values rise with increasing ridge depth, indicating that staged mechanics—tilting
retraction followed by root control—might maximize results [29]. Furthermore, without appropriate
anchorage, power ridges by themselves might not be enough, according to clinical evidence. Strong
canine attachments like vertical rectangular designs, which support incisor intrusion and lingual root
torque during extraction space closure, increase their efficacy [30].

I

Fig. 4 Power ridge Fig. 5 Double power ridge.

L

4. Bite ramp

Bite ramps are elevated regions on aligners that are used to adjust the occlusion between
the upper and lower teeth by disarticulating the posterior teeth to make extrusion easier and
intruding the mandibular anterior teeth [31]. They are typically positioned on the lingual
surface of the maxillary incisors, as seen in Fig. 6. The bite ramps should be moved to the
canines 1f maxillary anterior intrusion is desired, which is frequently the case in Class II
Division 2 malocclusions. The reason for this is that bite ramps lessen the pressure applied
to the maxillary incisors' long axes that require intrusion. When using bite ramps, there is
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less plastic in contact with the incisors' cingula, and there is minimal surface area ready for
the intended intrusion force vectors. Bite ramps also restrict the expression of torque for
the same reason [31]. One of the hardest conditions to treat with clear aligners is a deep
bite, which is known as an extravagant amount of vertical overlap between the incisors.
Depending on incisal display, conventional methods use incisor intrusion, molar extrusion,
or a combination of these [32]. The difficulties of correcting a deep bite with aligners alone
were highlighted by Kravitz et al. [31]. Who also underline the value of auxiliary devices
like bite ramps, elastics, and attachments to enhance force control and retention? Bite
ramps can improve results by allowing for controlled proclination, improving anterior
intrusion, and providing space for posterior extrusion, despite the limited predictability of
aligners [33]. Even with these developments, more study is required to produce more
consistent and trustworthy outcomes.

Fig. 6 Bite ramp on maxillary incisor.
S. Pontic

It is prevalent for a patient undergoing aligner treatment to have one or possibly more
missing teeth. One of the advantages of using clear aligners is that we can create a pontic
to occupy the missing space [1], [34-37]. A pontic is a tooth-shaped substitute that fills the
space left by extracted or missing teeth. There is a gap or space in the clear aligner as a
result of the aligner not covering a tooth in this area of the patient's mouth. To make this
gap look like a tooth, it can be filled or painted. Traditionally, light-cure radiopaque
composite is used to create the pontic in 3D printed models. However, creating composite
teeth that mimic the structure of genuine teeth without overlapping neighboring teeth calls
for a high level of expertise.

This treatment takes a lot of time and is not cost-effective [34]. During orthodontic
treatment, pontics provide a number of important advantages. In the first place, they
greatly improve aesthetics, which is crucial when anterior teeth are lost. By preserving
healthy oral function and space, they also aid in preventing the emergence of aberrant oral
habits like tongue thrusting and speech impairment. Additionally, pontics make sure that
the missing tooth's precise mesio-distal width is maintained, which is essential for optimal
alignment. They make it simpler to match the midline and align with the riding pontic
when one incisor is absent unilaterally. Finally, by restoring function and appearance,
pontics can significantly enhance the patient's psychosocial well-being [38].

Engaging buccally erupted canines into the aligner can be challenging. Manufacturing
restrictions may prevent the inclusion of ectopic canines even if they are registered on the
impression or digital scan. In order to allow for canine eruption and alignment, eruption
compensation may be incorporated into the aligner, which functions as a wvirtual pontic
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[39]. In cases of canine impaction, if the impaction is not resolved by extracting the
primary canines, more action is necessary. Even though surgical exposure is frequently
required, aligner therapy provides a clear benefit in treating these situations. When it
comes to managing space and improving aesthetics during canine eruption, pontics are a
vital component of aligner-based treatment.

Without interfering with the orthodontic process, pontics are a short-term but efficient
way to preserve space and enhance the appearance of the smile on aligner trays [40]. In
lower incisor extraction situations as well, it is advisable to request small pontics so that
the aligner material can completely engage around the teeth next to the extraction site. In
cases where primary canines were extracted and implants were positioned, the primary
canines were removed at the same time. Pontic material was used to fill in the patient's
primary canines in the final aligner until the implants were fixed [39].

Fig. 7 Before and after adding pontic.

6. Button cut/ Elastic hook

It is often thought that the ability of clear aligners to achieve the best results alone is limited [40].
However, the use of external auxiliary components, such as intermaxillary elastics [41] or temporary
skeletal anchorage devices [42], can improve control over tooth movement and enable the proper
handling of complex cases, such as extraction space closures [43] or distalizations [44]. It is easier to
attach orthodontic elastics to clear aligners by hooks or bonding buttons to specific teeth. The
aligners must be seated over these adjuncts by removing portions of the aligner plastic [45]. Precision
cuts may be designated as precision cut hooks or button cutouts; these enable the use of intraoral
elastics to treat Class II and III malocclusions with different movements of both dental arches. It is
also possible to add button cutouts to help with some challenging extrusive tooth movements [39].

The Hole Punch Plier and Tear Drop Plier make this task simple. The Hole Punch pliers make a
half-moon cut in the aligner plastic to make the bonding of the button easier, while the Tear Drop
pliers make a teardrop-shaped cut at the edge of the aligner, which helps the patient put on elastics
[46]. Compared to buttons, class II elastics attached to aligners by precision cutting demonstrated
better anchorage control with less tooth displacement and associated stress on PDL and alveolar
bone. This is an excellent substitute when extrusion of the upper canines and proclination of the
upper incisors are undesirable [45].
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Fig. 8 class II elastics with a button cut on the lower first molar and an elastic hook on the upper canine.
7. Temporary Anchorage Devices

The findings indicate that using minis crews in combination with aligners enhances treatment
control, especially when complicated tooth motions such as distalization, extrusion, and intrusion are
required. More stability and control over movement are offered by mini crews. There is challenges in
this approach, including accurate mini crew alignment and pain. The benefits of aligners in terms of
appearance and comfort resulted in a high degree of satisfaction. Further research is required to
thoroughly examine the topic in order to enhance therapeutic outcomes [47]. TADs have evolved into
a revolutionary tool that addresses issues with achieving precise tooth movements, particularly when
using clear aligners. Mini-implants, sometimes referred to as TADs, are tiny titanium screws that are
temporarily inserted into the palatal bone [48].

Using TADs leads to teeth moving without causing the unfavorable reciprocal movements that
are connected to conventional anchorage techniques. In other cases, aligners are not biomechanically
efficient enough to perform these movements correctly, even when they are effective for overall
tooth alignment. By allowing the application of additional pressures in certain directions that aligners
cannot accomplish on their own, TADs provide aligners with the necessary anchoring to boost their
efficacy [49], [50-52]. The combination of TADs and aligners offers a potential method for treating
difficult malocclusions without requiring patient participation, which is essential when using aligners
[53], [54].

Combining TADs with aligners is useful in complex situations like extrusion, intrusion and
correction of deep or open bites. TADs provide a firm anchoring point that can improve orthodontic
treatments' efficacy and efficiency [55]. Orthodontic mechanisms that intrude incisors, such as
intruding arch wires or TADs, are beneficial for individuals with anterior tooth over eruption [47],
[56]. The main treatment option for vertical maxillary excess in previous years was orthognathic
surgery; however, incisor and molar intrusion can be accomplished with Temporary Anchorage
Devices. When an anterior open bite is present at the same time, it is advised that the posterior teeth
intrude more than the anterior teeth [57], [58].

30



Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097

DOI: 10.69946/0jms/2025.03.02.03, pp(23-37)

7.1 The relationship between clear aligners and the biomechanics of temporary skeletal
anchoring devices (TSADs)

The total accuracy of tooth movement should be less than 50%; aligner therapy is particularly
difficult. Furthermore, “the third rule of physics, which states that there is an equal and opposite
reaction to every force action”, makes the anchorage offered by Clear Aligners (CA) crucial. In
difficult instances, CA, in conjunction with temporary skeletal anchoring devices (TSADs), has an
advantage that increases the range of motion. Interradicular miniscrews offer superior anchorage for
incisor intrusion, whereas extra-alveolar miniscrews linked to CA are useful for retracting and
intrusion [59]. Root movement (torque movement) is the least predictable movement, whereas the
upper and lower dentition [59].

Treating difficult instances with CA requires a deep grasp of biomechanics. However, there are
several serious biomechanical drawbacks to using CA, such as patient involvement, anchoring
control, and important tooth movement, such as torque tipping, which is the simplest to do. In
actuality, CA are really adept at pushing their teeth, but they struggle with pulling [59]. The fact that
few orthodontists treat difficult patients with CA regularly, including those with Class II (33%) and
Class III (30%) malocclusions, open bite and deep bite (1%) malocclusions, may be explained by
these facts. When combined, skeletal anchoring and aligners offer a unique approach to managing
anchorage in complex situations involving sagittal problems or even asymmetrical cases.

For example, the anterior teeth will move in opposition when the buccal segment is distalized;
intermaxillary elastics and interproximal reduction will still be necessary, Power arms will still be
necessary, it will be challenging to close gaps with root movement control, and biomechanics
(Newton's third law) side effects will continue [59]. We employ extra-alveolar (E-A) mini-implants
as skeletal anchoring auxiliary components to minimize side effects and enhance tooth movement
predictability. This lessens biomechanical flaws in CA. To treat malocclusions, the physician can
also fasten E-A miniscrews to interradicular TSADs. Clear aligners can be used to fix vertical and
sagittal problems, and both miniscrews (interradicular and E-A) can be used to enhance treatment
outcomes A. Almeida23 recommends treating vertical issues like deep bite by fixing sagittal
obstacles using interradicular TSADs in conjunction with infrazygomatic crest (IZC) miniscrews
[59].

8. Miniscrew-Assisted Rapid Palatal Expansion:

Miniscrew-assisted rapid palatal expansion (MARPE) is a good substitute for conventional rapid
palatal expansion, especially in adults [60]. Unilateral or bilateral posterior crossbite may be
produced from maxillary transverse discrepancy. It is frequently linked to tooth crowding and can be
brought on by environmental or hereditary factors. Complications include Class II and III
malocclusions, canine impaction, crossbite, TMJ problems, and sleep apnea can result from this
issue. Usually, pre-puberty maxillary disjunction is used as a treatment [61], [62]. To separate the
midpalatal suture, rapid maxillary expansion devices are frequently utilized. When the midpalatal
suture is not completely established, the device indirectly causes it to separate by applying bilateral
stresses from the expansion screw to the first upper molars and premolars to the palatal bone.

These techniques are less effective in adults because the developed median palatal suture also
promotes dentoalveolar compensation and adverse dental and periodontal outcomes [63].
Historically, the option for these patients was surgically aided rapid palatal expansion [SARPE], but
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patient pain and related risks frequently decreased compliance. A novel therapeutic option for
postpubertal patients is MARPE. With a stiff component attached to miniscrews placed into the
palate, MARPE can be either bone-borne or tooth-bone-borne. By sending the expansion force
directly to the maxillary basal bone, this configuration encourages skeletal growth [64], [65].
Dentoalveolar compensations and adverse effects seem to be less likely with MARPE. It is a simpler
method with fewer effects on patient-reported outcomes and lower expenses than SARPE [66], [67].
It has been shown to be possible to include a digital workflow into the conventional analog protocol
in MARPE [68].

8.1 Rapid palatal expansion methods with the use of BMX Expander and mini-implants

A common malocclusion that is frequently linked to either a unilateral or bilateral skeletal crossbite
is a maxillary transverse deficit. In certain skeletal crossbite instances, appropriate occlusion settings
and long-term stability may require more than simply dental extension. In mini-implant-assisted fast
palatal expansion approaches, the anchor teeth and mini-implants share the expansion burden. Rapid
palatal growth procedures aided by mini-implants. Hybrid Hyrax appliances are those that rely on
dental structures and mini-implants for support. A hybrid hyrax, often referred to as a BMX
expander, can be used to treat skeletal crossbite in situations where aligners have been used. After the
expansion process is complete, the BMX expander can be removed [69], [70].

9. Aligner chewies

Aligner chewies are cotton-roll-shaped styrene copolymer auxiliary products that are intended to
enhance tray seating and lessen "aligner lags" [71], [72]. When a new aligner is inserted, it frequently
does not fully seat because of programmed movements of up to 0.3 mm. By using Aligner Chewies
to eliminate air bubbles from the aligner, we are ensuring a tight fit. If the aligner is not completely
seated, the teeth will not be in the desired position. This is known as a "halo effect," where there is a
halo-shaped gap between the teeth and the aligner, and it will cause more unseats in the ensuing
aligners [72].

Usually, patients are told to focus on areas where seating is incomplete by repeatedly biting on
chewies for a few minutes several times a day. Their application lowers the possibility of cumulative
misfit across succeeding aligners, improves tracking, and increases force expression [72]. Chewies
have been suggested for therapeutic uses in addition to seating, such as controlling anterior open
bites by applying intrusive forces to the back of the teeth [73], [74]. By using techniques like
sequential intrusion of posterior teeth while maintaining or extruding anterior teeth to achieve bite
closure, this method takes advantage of the aligners' natural propensity to create posterior open bites
as a result of prolonged occlusal coverage. Chewies can be used as an adjuvant to improve aligner
performance and increase the predictability of such mechanics [75], [76]. Table 1 shows the
comparison of auxiliary types.

32



Osol Journal of Medical Sciences (OJMS)

ISSN: 3005-9097

DOI: 10.69946/0jms/2025.03.02.03, pp(23-37)

Tablel. Comparing auxiliary types.

Auxiliary types Biomechanical function

Ellipsoid Supporting and improving aligner retention

attachments

Rectangular Horizontal rectangular attachments enhance the retention of the aligner on short crowns

attachment and assist in the management of root position. Vertical rectangular attachments for arch
distalization reduced mesiodistal tilting of the tooth during movement

Bevelled Reinforce and increase aligner retention

attachment Aid in the intrusion and extrusion of teeth

Optimized Helps in the rotation movement of the teeth

attachment

Power ridge

Improve tooth movement efficiency.
Extrusion in extraction cases (prevents torque loss).
Controls incisor torque.

Bite ramps

Adjust the occlusion between the upper and lower teeth by disarticulating the posterior
teeth to make extrusion easier and intruding the mandibular anterior teeth.
In Class II Division 2 malocclusions, bite ramps should be moved to the canines so that
it help in maxillary anterior intrusion. Force control and retention in deep bite
correction. (Bite ramps can improve results by allowing for controlled proclination,
improving anterior intrusion, and providing space for posterior extrusion).

Pontic

It acts as a substitute that fills the space left by extracted or missing teeth, thereby
preserving function and space and improving esthetics. Incorporated as an eruption
compensation in cases of buccally erupted canines.

Buttoncut/
elastic hook

Attach orthodontic elastics to clear aligners to treat Class II and III malocclusions with
different movements of both dental arches.

It is also possible to add button cutouts to help with some challenging extrusive tooth
movements.

TADs

enhances treatment control, especially when complicated tooth motions such as
distalization, extrusion, and intrusion are required. More stability and control over
movement are offered by miniscrews.
Correction of open bites or deep bites.

Aligner
chewies

Chewies can be used as an adjuvant to improve aligner performance and increase the
predictability of such mechanics

Enhance tray seating and lessen "aligner lag.", Their application lowers the possibility
of cumulative misfit across succeeding aligners, improves tracking, and increases force
expression.

Controlling anterior open bites by applying intrusive forces to the back of the teeth.

MARPE

Separate the midpalatal suture in post-pubertal patients by applying expansion forces
through miniscrews.

10. Conclusion

Clear aligner therapy CAT is a modern, safe, and comfortable treatment option for those patients who
don’t like to wear visible fixed orthodontic aligners for a more beautiful, comfortable appearance.
Nowadays, it has gained good popularity, and this gives a good indicator for its future. CAT has been
improved by using auxiliaries for better results with less relapse. There are many auxiliaries like
brackets, power ridges, elastics, TADs, and MARPE. The orthodontist selects the appropriate type
according to each case. Dental anchorage with CA is very important because of “the third law of
physics, where for every force action, there is an equal and opposite reaction”. Utilizing aligners in
conjunction with TSADs is a successful therapeutic approach that broadens the scope of complicated
cases. The CA-related extra-alveolar miniscrews work well to revoke the patient's permission.

33




Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097

DOI: 10.69946/0jms/2025.03.02.03, pp(23-37)

References

[1] Weir, T. (2017). Clear aligners in orthodontic treatment. Australian dental journal, 62, 58-62.

[2] Rossini, G., Parrini, S., Castroflorio, T., Deregibus, A., & Debernardi, C. L. (2015). Efficacy of clear
aligners in controlling orthodontic tooth movement: a systematic review. The Angle Orthodontist,
85(5), 881-889.

[3] Martz, M. G. (1988). U.S. Patent No. 4,793,803. Washington, DC: U.S. Patent and Trademark Office.

[4] Ilie, N., & Hickel, R. (2011). Resin composite restorative materials. Australian dental journal, 56, 59-
66.

[5] Nucera, R., Dolci, C., Bellocchio, A. M., Costa, S., Barbera, S., Rustico, L., ... & Portelli, M. (2022).
Effects of composite attachments on orthodontic clear aligners therapy: a systematic review. Materials,
15(2), 533.

[6] Jedlinski, M., Mazur, M., Greco, M., Belfus, J., Grocholewicz, K., & Janiszewska-Olszowska, J.
(2023). Attachments for the orthodontic aligner treatment—state of the art—a comprehensive
systematic review. International Journal of Environmental Research and Public Health, 20(5), 4481.

[7] D’Anto, V., Muraglie, S., Castellano, B., Candida, E., Sfondrini, M. F., Scribante, A., & Grippaudo, C.
(2019). Influence of dental composite viscosity in attachment reproduction: an experimental in vitro
study. Materials, 12(23), 4001.

[8] Yokoi, Y., Arai, A., Kawamura, J., Uozumi, T., Usui, Y., & Okafuji, N. (2019). Effects of attachment of
plastic aligner in closing of diastema of maxillary dentition by finite element method. Journal of
healthcare engineering, 2019(1), 1075097.

[9] Goto, M., Yanagisawa, W., Kimura, H., Inou, N., & Maki, K. (2017). A method for evaluation of the
effects of attachments in aligner-type orthodontic appliance: Three-dimensional finite element analysis.
Orthodontic Waves, 76(4), 207-214.

[10] Arango, J. G. (2021). Current biomechanical rationaleconcerning composite attachments in aligner
orthodontics. Principles and biomechanics of aligner treatment, 13-29.

[11] Barreda, G. J., Dzierewianko, E. A., Mufoz, K. A., & Piccoli, G. 1. (2017). Surface wear of resin
composites used for Invisalign® attachments. Acta odontologicalatinoamericana: AOL, 30(2).

[12] Knopp, P., & Derakhshan, M. (2006). Attachments. In O. C. Tuncay (Ed.), The Invisalign system (pp.
77-90). Quintessence Publishing

[13] Martinez Lozano, D., & Castellanos Andrés, D. (2023). Configuracion y analisis biomecanico de los
ataches en la ortodoncia invisible. Una revision narrativa. Ortod Esp, 61(3), 93-115.

[14] Ahmad, W., Jiang, F., Xiong, J., & Xia, Z. (2023). The mechanical effect of geometric design of
attachments in invisible orthodontics. American Journal of Orthodontics and Dentofacial Orthopedics,
164(2), 183-193.

[15] Tian, S., Bai, R., Xu, X., Huang, Y., Zhang, L., Yu, X., & Cheng, Q. (2019). Three-dimensional finite
element analysis of extrusion of the maxillary canine during orthodontic treatment with invisible aligner
without brackets. Chinese Journal of Tissue Engineering Research, 23(10), 1489.

[16] Costa, R., Calheiros, F. C., Ballester, R. Y., & Gongalves, F. (2020). Effect of three different attachment
designs in the extrusive forces generated by thermoplastic aligners in the maxillary central incisor.
Dental Press Journal of Orthodontics, 25(03), 46-53.

[17] Colville, C. D., Fischer, K., & Paquette, D. E. (2006). A snap fit: using attachments to improve clear
aligner therapy. Orthod. Prod.

[18] Jones, M. L., Mah, J., & O’Toole, B. J. (2009). Retention of thermoformed aligners with attachments of
various shapes and positions. J Clin Orthod, 43(2), 113-117.

[19] Dasy, H., Dasy, A., Asatrian, G., Rézsa, N., Lee, H. F., & Kwak, J. H. (2015). Effects of variable
attachment shapes and aligner material on aligner retention. The Angle Orthodontist, 85(6), 934-940.

[20] Pede, K., Shetty, P., Ranjan, A., Khan, W., Patil, H., & Mishra, H. (2024). Evaluation of effects of
different sizes and shapes of attachments during rotation, tipping, and torquing in clear aligner therapy—
A finite element study. Journal of Orthodontic Science, 13(1), 30.

[21] Krishnan, V. (2017). The insider's guide to Invisalign® Treatment (2017). Journal of the World
Federation of Orthodontists, 6(3), 139-140.

[22] Parameshkumar, R., Srinivasan, D., & Ravi, K. (2025). ATTACHMENTS IN CLEAR ALIGNER
THERAPY-A REVIEW. International Journal of Environmental Sciences, 11(10s), 824-833.

34



Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097

DOI: 10.69946/0jms/2025.03.02.03, pp(23-37)

[23] Demir, G. B. (2024). Understanding the effectiveness of attachments in clear aligner therapy: navigating
design, placement, material selection and biomechanics. Australasian Orthodontic Journal (0587-
3908), 40(2).

[24] Karras, T., Singh, M., Karkazis, E., Liu, D., Nimeri, G., & Ahuja, B. (2021). Efficacy of Invisalign
attachments: a retrospective study. American Journal of Orthodontics and Dentofacial Orthopedics,
160(2), 250-258.

[25] Ayidaga, C., & Kamiloglu, B. (2021). Effects of variable composite attachment shapes in controlling
upper molar distalization with aligners: a nonlinear finite element study. Journal of Healthcare
Engineering, 2021(1), 5557483.

[26] Chang, M. J., Chen, C. H., Chang, C. Y., Lin, J. S. Y., Chang, C. H., & Roberts, W. E. (2019).
Introduction to Invisalign® smart technology: attachments design, and recall-checks. J Digital Orthod,
54(1), 81-94.

[27] Gomez, J. P., Pefia, F. M., Martinez, V., Giraldo, D. C., & Cardona, C. L. (2015). Initial force systems
during bodily tooth movement with plastic aligners and composite attachments: a three-dimensional
finite element analysis. The Angle Orthodontist, 85(3), 454-460.

[28] Dai FF, Xu TM, Shu G. Comparison of achieved and predicted tooth movement of maxillary first
molars and central incisors: first premolar extraction treatment with Invisalign. The Angle Orthodontist.
2019 Sep 1;89(5):679-87.

[29] Meng, X., Wang, C., Xu, W., Wang, R., Zheng, L., Wang, C., ... & Fan, Y. (2023). Effects of different
designs of orthodontic clear aligners on the maxillary central incisors in the tooth extraction cases: a
biomechanical study. BMC Oral Health,23(1), 416.

[30] Ren, L., Liu, L., Wu, Z., Shan, D., Pu, L., Gao, Y., ... & Lai, W. (2022). The predictability of
orthodontic tooth movements through clear aligner among first-premolar extraction patients: a
multivariate analysis. Progress in Orthodontics, 23(1), 52.

[31] Kravitz ND, Moshiri M, Nicozisis J, Miller S. Mechanical considerations for deep-bite correction with
aligners. InSeminarsin Orthodontics 2020 Sep 1 (Vol. 26, No. 3, pp. 134-138). WB Saunders.

[32] Pasciuti E, Coloccia G, Inchingolo AD, Patano A, Ceci S,Bordea IR, Cardarelli F, Di Venere D,
Inchingolo F, Dipalma G. Deep bite treatment with aligners: a new protocol. Applied Sciences. 2022 Jul
2; 12(13):6709.

[33] Greco M, Rombola A. Precision bite ramps and aligners: an elective choice for deep bite treatment.
Journal of Orthodontics. 2022 Jun;49(2):213-20.

[34] Shetty, P., Sateeja, R., Singh, P., & Kozhikadan, C. J. An easy technique to fabricate pontic in clear
aligners.

[35] Putrino, A., Barbato, E., & Galluccio, G. (2021). Clear aligners: Between evolution and efficiency—A
scoping review. International journal of environmental research and public health, 18(6),2870.

[36] Zhang, B., Huang, X., Huo, S., Zhang, C., Zhao, S., Cen, X., & Zhao, Z. (2020). Effect of clear aligners
on oral health-related quality of life: A systematic review. Orthodontics & Craniofacial Research,
23(4), 363-370.

[37] Hennessy, J., & Al-Awadhi, E. A. (2016). Clear aligners generations and orthodontic tooth movement.
Journal of orthodontics, 43(1), 68-76.

[38] Sharma, N. S. (2013). Riding pontic: A tool to keep patients smiling. International Journal of Clinical
Pediatric Dentistry, 6(2), 127.

[39] Tai, S. (2018). Clear aligner technique. (No Title).

[40] Wolny M, Sikora A, Olszewska A, Matys J, Czajka-JakubowskaA. Aligners as a Therapeutic Approach
in Impacted Canine Treatment: A Systematic Review. J Clin Med. 2025 May 14;14(10):3421. doi:
10.3390/jcm14103421. PMID: 40429416; PMCID: PMC12112706.

[41] Phan, X., & Ling, P. H. (2007). Clinical limitations of Invisalign. Journal of the Canadian Dental
Association, 73(3).

[42] Ma, X. Q., Xiang, F., Fan, M. Y., Song, Y., Wang, X. H., Zhang, L., & Qian, W. H. (2022). Clinical
efficacy of the combination of miniscrew with clear aligner in controlling the roller coaster effect.
Shanghai Journal of Stomatology, 31(2), 193.

[43] Ferris, A., & Rungcharassaeng, K. (2022). Class Il correction using sectional clear aligners. Journal of
clinical orthodontics: JCO, 56(11), 658-665.

35



Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097

DOI: 10.69946/0jms/2025.03.02.03, pp(23-37)

[44] XIANG, X., & CANG, S. (2020). Anchorage design and clinical control of premolar extraction
treatment with clear aligner technique. Journal of Oral Science Research, 36(2), 117.

[45] Loberto, S., Paoloni, V., Pavoni, C., Cozza, P., & Lione, R. (2023). Anchorage loss evaluation during
maxillary molars distalization performed by clear aligners: a retrospective study on 3D digital casts.
Applied Sciences, 13(6), 3646.

[46] Adjuncts, S. A. (2015). Creative Adjuncts for Clear Aligners.

[47] Liu, X., Cheng, Y., Qin, W., Fang, S., Wang, W., Ma, Y., & Jin, Z. (2022). Effects of upper-molar
distalization using clear aligners in combination with Class Il elastics: a three-dimensional finite
element analysis. BMC oral health, 22(1), 546.

[48] Marinelli, G., Inchingolo, A. M., Inchingolo, A. D., Ferrante, L., Avantario, P., Campanelli, M., ... &
Dipalma, G. (2025). Temporary Anchorage Devices in Clear Aligner Therapy: A Systematic Review.
Bioengineering, 12(5), 531.

[49] Gandedkar, N. H., Koo, C. S., Sharan, J., Chng, C. K., & Vaid, N. (2018, March). The temporary
anchorage devices research terrain: current perspectives and future forecasts! In Seminars in
Orthodontics (Vol. 24, No. 1, pp. 191-206). WB Saunders.

[50] Park J., Boyd R.L. TADs and Invisalign: Making Difficult Movement Possible. In: Park J.H., editor.
Temporary Anchorage Devices in Clinical Orthodontics. Wiley; Hoboken, NJ, USA: 2020. pp. 541—
554. [Google Scholar]

[51] Van den Braak, M. C., Hoekstra, J. W. M., Bronkhorst, E. M., Schols, J. G., Ongkosuwito, E. M.,
Meijer, G. J., & van den Beucken, J. J. (2024). The effect of surface roughening on the success of
orthodontic mini-implants: A systematic review and meta-analysis. American Journal of Orthodontics
and Dentofacial Orthopedics, 165(3), 262-271.

[52] Mohammed, H., Wafaie, K., Rizk, M. Z., Almuzian, M., Sosly, R., & Bearn, D. R. (2018). Role of
anatomical sites and correlated risk factors on the survival of orthodontic miniscrew implants: a
systematic review and meta-analysis. Progress in orthodontics, 19(1), 36.

[53] Rodriguez, J. C., Suarez, F., Chan, H. L., Padial-Molina, M., & Wang, H. L. (2014). Implants for
orthodontic anchorage: success rates and reasons of failures. Implant dentistry, 23(2), 155-161

[54] Jandial, M., Mahajan, S., & Singh, G. (2021). Temporary anchorage devices in orthodontics.
International Journal of Health Sciences, 5(Suppl. S2), 333-343.
https://doi.org/10.53730/ijhs.v5nS2.5854

[55] 54. Goh, S., Dreyer, C., & Weir, T. (2022). The predictability of the mandibular curve of Spee leveling
with the Invisalign appliance. American Journal of Orthodontics and Dentofacial Orthopedics, 162(2),
193-200.

[56] Buschang, P. H., Carrillo, R., & Rossouw, P. E. (2011). Orthopedic correction of growing
hyperdivergent, retrognathic patients with miniscrew implants. Journal of oral and maxillofacial
surgery, 69(3), 754-762.

[57] Kim, T. W., Kim, H., & Lee, S. J. (2006). Correction of deep overbite and gummy smile by using a
mini-implant with a segmented wire in a growing Class Il Division 2 patient. American journal of
orthodontics and dentofacial orthopedics, 130(5), 676-685.

[58] Choi, S. H., Jeon, J. Y., Lee, K. J., & Hwang, C. J. (2021). Clinical applications of miniscrews that
broaden the scope of non-surgical orthodontic treatment. Orthodontics & Craniofacial Research, 24,
48-58.

[59] 58. Kang, D. O., Yu, H. S., Choi, S. H., Kim, S. T., Jung, H. D., & Lee, K. J. (2023). Stability of
vertical dimension following total arch intrusion. BMC Oral Health, 23(1), 164.

[60] de Almeida, M. R. (2024, December). The Biomechanics of Clear Aligners associated with temporary
skeletal anchorage devices (TSADs). In Seminars in Orthodontics (Vol. 30, No. 5, pp. 514-526). WB
Saunders.

[61] Labunet, A., losif, C., Kui, A., Vigu, A., & Sava, S. (2024). Miniscrew-Assisted Rapid Palatal
Expansion: A Scoping Review of Influencing Factors, Side Effects, and Soft Tissue Alterations.
Biomedicines, 12(11), 2438.

[62] Haas, A. J. (1965). The treatment of maxillary deficiency by opening the midpalatal suture. The Angle
Orthodontist, 35(3), 200-217.

[63] Melsen, B., & Melsen, F. (1982). The postnatal development of the palatomaxillary region studied on
human autopsy material. American journal of orthodontics, 8§2(4), 329-342.

36


https://scholar.google.com/scholar_lookup?title=Temporary%20Anchorage%20Devices%20in%20Clinical%20Orthodontics&author=J.%20Park&author=R.L.%20Boyd&publication_year=2020&isbn=978-1-119-51347-6&
https://doi.org/10.53730/ijhs.v5nS2.5854

Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097

DOI: 10.69946/0jms/2025.03.02.03, pp(23-37)

[64] Bortolotti, F., Solidoro, L., Bartolucci, M. L., Incerti Parenti, S., Paganelli, C., & Alessandri-Bonetti, G.
(2020). Skeletal and dental effects of surgically assisted rapid palatal expansion: A scoping review of
randomized controlled trials. European Journal of Orthodontics, 42(4), 434-440.
https://doi.org/10.1093/ejo/cjz057.

[65] Suzuki, H., Moon, W., Previdente, L. H., Suzuki, S. S., Garcez, A. S., & Consolaro, A. (2016).
Miniscrew-assisted rapid palatal expander (MARPE): the quest for pure orthopedic movement. Dental
press journal of orthodontics, 21, 17-23.

[66] Park, J. J., Park, Y. C., Lee, K. J., Cha, J. Y., Tahk, J. H., & Choi, Y. J. (2017). Skeletal and
dentoalveolar changes after miniscrew-assisted rapid palatal expansion in young adults: a cone-beam
computed tomography study. The korean journal of orthodontics, 47(2), 77-86.

[67] Kapetanovi¢, A., Theodorou, C. 1., Bergé, S. J., Schols, J. G., & Xi, T. (2021). Efficacy of Miniscrew-
Assisted Rapid Palatal Expansion (MARPE) in late adolescents and adults: a systematic review and
meta-analysis. European journal of orthodontics, 43(3), 313-323.

[68] Garrett, B. J., Caruso, J. M., Rungcharassaeng, K., Farrage, J. R., Kim, J. S., & Taylor, G. D. (2008).
Skeletal effects to the maxilla after rapid maxillary expansion assessed with cone-beam computed
tomography. American journal of orthodontics and dentofacialorthopedics, 134(1), 8-el.

[69] Montaruli, G., Virgilio, S., Laurenziello, M., Tepedino, M., & Ciavarella, D. (2022). Maxillary
transverse deficit: a retrospective study of two biologically oriented devices through a digital workflow.
Bioengineering, 9(1), 31.

[70] Wilmes, B., Ludwig, B., Vasudavan, S., Nienkemper, M., & Drescher, D. (2016). The T-zone: median
vs. paramedian insertion of palatal mini-implants. J Clin Orthod, 50(9), 543-551.

[71] Vaid, N. R., Sabouni, W., Wilmes, B., Bichu, Y. M., Thakkar, D. P., & Adel, S. M. (2022). Customized
adjuncts with clear aligner therapy: “TheGolden Circle Model” explained! Journal of the world
federation of orthodontists, 11(6), 216-225.

[72] Tuncay, O. (2005). The iatrogenic crowding caused by aligner length/arch length discrepancy. Clinical
Reports & Techniques (Align Technology), 3-5.

[73] Bowman, S. J., Celenza, F., Sparaga, J. O. H. N., Papadopoulos, M., Ojima, K., & Lin, J. C. Y. (2015).
Creative adjuncts for clear aligners. J Clin Orthod, 49(2), 3.

[74] Dayan, W. (2010). Techniques for posterior intrusion in the correction of anterior open bite with
Invisalign. Align Technology white paper.

[75] Boyd, R. (2013). How successful is Invisalign for treatment of anterior open bite and deep overbite.
American Association of Orthodontists Annual Session.

[76] Giancotti, A., & Ronchin, M. (2006). Pre-restorative treatment with the Invisalign system. Journal of
clinical orthodontics: JCO, 40(11), 679-682.

37



