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Abstract
The advantages of Clear Aligners Therapy (CAT) include the braces being virtually invisible, 
comfortable to wear, and removable for eating and brushing; that way, CAT can be used to treat 
a wide range of orthodontic issues. In 1999, the company Align Technology introduced the frst 
commercial clear aligner system called Invisalign. The Invisalign system was initially only available 
to orthodontists, but later became available to general dentists as well. The system quickly gained 
popularity among patients who were looking for a more discreet and comfortable alternative to 
traditional braces. In 2000, Align Technology received FDA clearance for the Invisalign system, which 
further increased its popularity. The biomechanics of clear aligners involve the use of custom‑made 
tooth aligners that are specifcally shaped to guide teeth into desired positions. These aligners 
are typically made from flexible materials such as polyurethane or ethylene vinyl acetate and are 
adjusted to apply the necessary forces for tooth movement. Attachment devices, such as power 
ridges or buttons, are often used to enhance or assist in specifc tooth movements and for retention 
of the aligner. The use of attachments allows for the exertion of desired force on the teeth, which 
is crucial for the success of Clear Aligner Therapy. CAT should be used if patients are concerned 
about the esthetic appearances of their teeth—for example, actors and other individuals that rely on 
their appearances in public in a professional context—and if the misalignment is not severe, so that 
clear aligners can still work. One should not use CAT in cases of severe crowding or spacing issues 
that require extractions. If the patient has complex jaw discrepancies or skeletal issues or if teeth 
need to be moved extensively in multiple directions, CAT is likely not going to be strong enough. In 
conclusion, Clear Aligner Therapy is a safe, effective, and convenient orthodontic treatment option that 
offers patients a virtually invisible way to achieve a straighter, more beautiful smile. With continued 
advancements in technology and a growing body of research supporting its effectiveness, the future 
of Clear Aligner Therapy looks bright.
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Introduction

Clear Aligner Therapy (CAT) is a method 
of straightening teeth using clear, 

custom‑made plastic aligners. The aligners 
apply gentle pressure to the teeth to 
gradually move them into the desired 
position. The advantages of CAT include the 
braces being virtually invisible, comfortable 
to wear, and removable for eating and 

brushing; that way, CAT can be used to treat 
a wide range of orthodontic issues.[1]

One of the main challenges of CAT is 
compliance. Clear aligners need to be worn 
for at least 22 hours a day to be effective, 
and patients must be diligent in wearing 
them as directed. If aligners are not worn 
as prescribed, treatment can take longer or 
may not be successful.[2] Another challenge 
is that clear aligners are not suitable for 
all types of orthodontic cases, particularly 
more significant cases such as severe bite 
issues, large gaps, or severe crowding. These 
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cases may require traditional braces or other forms of 
treatment.[3] Additionally, it can be difficult for patients 
to clean their teeth and aligners effectively, which may 
lead to an increased risk of tooth decay, gingivitis, and 
bad breath. Lastly, CAT is generally more expensive than 
traditional braces, and it may not be covered by insurance 
or provided in government hospitals, so it might not be 
an option for everyone.

While CAT has clear advantages and disadvantages, 
there are several aspects that are not yet well understood. 
For example, the effectiveness of CAT compared to 
traditional braces and other orthodontic treatments 
in terms of the amount of time needed to achieve the 
desired results and the overall success rate.[3] The factors 
influence patient compliance with CAT, and how 
can orthodontists and other healthcare professionals 
increase compliance will be addressed.[4] Also, the cost of 
clear aligner therapy compares to traditional braces and 
other orthodontic treatments, and is it a cost‑effective 
option for patients?[5] We will investigate the satisfaction 
rates for clear aligner therapy compared to traditional 
braces and other orthodontic treatments,[6] the rate of 
retention and relapse after treatment with clear aligners, 
and how does this compare to traditional braces and 
other orthodontic treatments.[7,8] In this paper, I will try 
to go through the history of clear aligner, indications, 
and its limitations. Moreover, the biomechanics of the 
aligners and its effectiveness of moving the teeth will 
be addressed as well.

History

The history of clear aligner therapy began in the 
twentieth century, when dental physicians began 
experimenting with using clear plastic aligners to 
straighten teeth. They realized that by using a series of 
clear plastic aligners, each one slightly different from 
the previous, one could gradually move teeth into their 
desired positions. This was a significant departure 
from traditional braces, which used metal brackets and 
wires to achieve the same goal.[9] In 1999, the company 
Align Technology introduced the first commercial clear 
aligner system called Invisalign. The Invisalign system 
was initially only available to orthodontists, but later 
became available to general dentists as well. The system 
quickly gained popularity among patients who were 
looking for a more discreet and comfortable alternative 
to traditional braces. In 2000, Align Technology received 
FDA clearance for the Invisalign system, which further 
increased its popularity.[10]

The early Invisalign system featured a series of clear, 
custom‑made aligners that were worn over the teeth. 
These aligners were made from a thermoplastic material 
and were designed to gradually shift the teeth into the 

desired position over time. The aligners were typically 
worn for about two weeks before being replaced with 
the next set in the series. One of the key features of 
the early Invisalign system was its use of computer 
technology to create the aligners.[11] The process began 
with a digital scan or impression of the patient’s teeth, 
which was then used to create a virtual model of the 
patient’s bite. This virtual model was used to plan 
the sequence of aligners and to determine the exact 
movements that would be necessary to achieve the 
desired final result.[12] Another important feature of the 
early Invisalign system was its use of “SmartTrack” 
material, which was specifically designed to provide 
optimal force and control during tooth movement.[13] 
This material was said to be more comfortable and 
effective than the materials used in traditional metal 
braces, and it was also less visible, which made it more 
appealing to patients who were self‑conscious about their 
appearance.[14] The early Invisalign also made it possible 
for orthodontists to provide treatment for a wider range 
of cases, including mild to moderate crowding, spacing, 
crossbite, overbite, and underbite.[15] Additionally, the 
aligners were removable, which meant that patients 
could eat, brush, and floss as normal, without having to 
navigate around brackets and wires.[16] This made the 
treatment process more convenient and comfortable for 
patients, and it also helped to reduce the risk of dental 
decay and gum disease, which can be a problem with 
traditional braces.[17] Overall, the early Invisalign system 
was designed to be a more comfortable, convenient, 
and esthetically pleasing alternative to traditional metal 
braces. It was very promising, and it is still widely used 
today.[18]

The company behind Invisalign also began to expand 
its product line, introducing new features such as 
the ability to treat more complex cases and the use of 
computer‑generated treatment plans. As the popularity 
of CAT grew, other companies began to enter the market 
with their own clear aligner systems. One of the most 
notable of these is ClearCorrect, a company founded 
in 2006 that offers clear aligners to both orthodontists 
and general dentists.[19] In recent years, clear aligner 
therapy has continued to evolve and improve. Advances 
in digital technology have made it possible to create 
more accurate treatment plans and to monitor treatment 
progress more closely. Additionally, new materials and 
manufacturing techniques have led to the development 
of more comfortable and durable aligners.[20]

Clear aligner therapy is now a widely accepted form of 
orthodontic treatment, and it is used to treat a wide range 
of dental issues, including crowding, spacing, overbite, 
underbite, and open bite. Clear aligners are also being 
used to treat sleep apnea and to improve the esthetics 
of the teeth by closing gaps and straightening teeth.[21,22] 
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The future of clear aligner therapy looks promising, 
since advancements in 3D printing and digital scanning 
technology are making it possible to create even more 
precise and accurate treatment plans.[23‑25] Additionally, 
research is being conducted to develop new materials 
and manufacturing techniques that will make aligners 
even more comfortable and durable.[26‑28]

Biomechanics

To discuss the biomechanics of CAT, it might be 
instructive to first study the forces and pressures at play 
during tooth development.[29‑31] Teeth become misaligned 
by the misdirected application of those forces; therefore, 
any artificial realignment has to counteract those forces. In 
this context, the major forces that teeth exert on the gum 
include pressure from the growth of the tooth: As the tooth 
develops and grows, it exerts pressure on the surrounding 
gingival tissue, which helps to shape and mold the gingiva 
to fit the tooth.[32] Force of eruption: As the tooth emerges 
through the gingiva tissue, it exerts a force that pushes 
the gingiva tissue up and away from the tooth.[33] Force 
of attachment: As the tooth becomes fully erupted and 
begins to function, it exerts a force on the surrounding 
gingiva tissue that helps to keep the tooth securely in 
place.[34] Force of occlusion: The force exerted by opposing 
teeth during biting and chewing, which helps to maintain 
the proper alignment of the teeth. It is important to note 
that these forces are also regulated by the surrounding 
bone and ligament structure, which are important for the 
teeth stability and proper functioning.[35,36] Of course, in 
cases of orthodontic treatment, the teeth exert force on the 
surrounding gingival tissue as they are moved into their 
desired position.[37‑39]

The biomechanics of clear aligners involves the use of 
custom‑made tooth aligners that are specifically shaped 
to guide teeth into desired positions. These aligners 
are typically made from flexible materials such as 
polyurethane or ethylene vinyl acetate and are adjusted 
to apply the necessary forces for tooth movement.[40,41] 
The process of using clear aligners begins with molding 
the movement of target teeth to complement the shape 
of the aligner being used. This shape molding effect is 
achieved by making small incremental movements that 
cause the aligner to deflect and stretch over the teeth 
when inserted. Once the aligner is seated, the force 
features apply pressure to move the teeth into the desired 
position. It should be noted that digital images of the 
patient’s teeth—as shown in Figure 1—can also be used 
to construct a proper shape for the aligners.[31]

Attachment devices, such as power ridges or buttons, 
are often used to enhance or assist in specific tooth 
movements and for retention of the aligner. The use of 
attachments allows for the exertion of desired force on 

the teeth, which is crucial for the success of Clear Aligner 
Therapy. The biomechanics of Clear Aligner Therapy is 
used in orthodontic tooth movement to achieve tooth 
alignment, particularly for anterior tooth movements. 
It can also be used for post‑treatment retention. The 
accuracy of the application of forces is closely monitored 
using three‑dimensional digital assessment tools and 
integrated into the treatment plan. Clear aligners also 
differ from traditional braces in their ability to exert pull 
force, which allows for more predictable movements 
of the teeth.[42,43] The biologic force generated by the 
clear aligner is the key to its success, as it is designed 
to pre‑activate its attachment interface with a specific 
tooth and then optimized attachment form morphology 
to exert a desirable orthodontic force for moving it in 
a specified direction. Overall, however, it is important 
to note that the nature of the underlying forces needed 
to correct and align—that is, “straighten out”—teeth is 
complex and multi‑faceted.[44,45] This raises questions 
of accuracy; in other words, how good are aligners in 
moving teeth, that is, how much does the prediction of 
their function correspond to the actual readout? Recent 
studies show that fixed appliances are still better in terms 
of both precision and treatment predictability, possibly 
due to the nature of the material used.[46]

In some cases, attachments are used to give distal tipping 
force to the first molar extraction area [Figure 2]. These 
attachments are used to extrude the middle dental arch 
and obtain the lowest tooth displacement. The use of 
attachments allows for the exertion of desired force on 
the teeth, which is crucial for the success of clear aligner 
therapy.[47‑49]

Figure 1: Digital reconstructions of dentures, based on (a) cone‑beam computed 
tomography and (b) intraoral scans[31]
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In terms of tooth movements, CAT can provide a 
variety of movements to correct dental misalignments. 
Crowding corrections involve moving teeth that are too 
close together to create more space and improve their 
alignment. Spacing corrections aim to close any gaps 
between teeth, and bite corrections involve moving teeth 
to correct an overbite, underbite, or crossbite. All these 
types of movement aim at restoring a proper, consistent 
spacing between teeth and may be the most difficult 
to execute, as the forces that are required to move the 
teeth in place are complex and not uniform.[51‑53] Figure 3 
shows the correction of a severe case of multiple tooth 
displacement in a 12‑year‑old girl, using Invisalign 
treatment.

Other movements involve rotational corrections, where 
teeth are turned around their long axis to eventually 
face into the correct direction. Vertical corrections are 
done to adjust the height of teeth and to improve their 
appearance and bite. Transversal corrections move teeth 
in a side‑to‑side direction to create a better bite and 
improve the overall cosmetic appearance. Using CAT, 
these movements can be accomplished by gradually 
adjusting the shape of the clear aligners to apply gentle 
pressure to the teeth over time [Figure 4].[55,56]

In summary, the biomechanics of clear aligner therapy 
involves the use of custom‑made tooth aligners that are 
specifically shaped to guide teeth into desired positions, 
the use of attachment devices to enhance or assist in 
specific tooth movements and for retention of the aligner, 
and the use of digital assessment tools to closely monitor 
the accuracy of the application of forces. Clear aligners 
differ from traditional braces in their ability to exert pull 
force, which allows for more predictable movements of 
the teeth.[58,59]

Indications

In general, and based on the previous discussion, CAT 
should be used if patients are concerned about the esthetic 
appearances of their teeth—for example, for actors and 
other individuals that rely on their appearances in public 

in a professional context—and if the misalignment is 
not severe, so that clear aligners can still work.[60] There 
does not seem to be any type of misalignment that is 
unsuited for CAT per se; the main challenge for using 
CAT seems to emerge when the dental misalignment is 
too severe. If that is not the case, CAT can be used for 
all main categories of positional aberrations, such as 
crowding or spacing, bite issues such as over‑, under‑, 
or crossbite, and a rotational aberration, where the teeth 
are in the correct place with the proper distance to their 
neighbors, but are facing into the wrong direction.[61‑65]

Clear aligners are suitable for patients who have mild 
to moderate dental issues and who are committed to 
wearing the aligners as directed by their dentist or 
orthodontist. They are also a good option for patients 
who are concerned about the appearance of traditional 
metal braces or who have active lifestyles and need a 
more discreet orthodontic option.[66‑70] In general, CAT 
is indicated in cases of mild crowding or spacing issues 
between 1 mm and 5 mm; deep overbites; dental arches 
that are too narrow and require expansion; intrusion of 
one or two teeth; severe crowding, if the lower incisor 
gets extracted; and any molars that needed to be tilted 
in distal direction.[71]

CAT has been successfully used for the treatment 
of anterior crossbite in two 8‑year‑old children; the 
procedure took five months and was able to completely 
correct the problem in either case, without any further 
problems or discomfort, suggesting that CAT may be 
especially useful in growing teeth which still have enough 
flexibility to become realigned.[72] In addition, compliance 
routines are more likely to be turned into life‑long 
habits if implemented in early years.[66,73‑75] Indeed, the 
use of clear aligners in mixed dentition (CAMD)—that 
is, during a period where children have both primary 
and secondary teeth—will provide a convenient use 
case for CAT. Even though CAs are currently used less 
often than fixed aligners (FAs), the situation appears to 
move toward a significant increase in the application of 
CAMD. This is likely due to its numerous advantages 
especially during childhood and adolescence, namely the 
opportunity to correct misalignments during physical 
growth and expansion of the skeleton, corrections in 
sagittal direction, and the easier implementation of 
compliance and dental hygiene habits (Lynch, 2023).[76]

In general, however, distinguishing whether a specific 
dental misalignment should be corrected using CAT 
or fixed appliances requires a considerable amount 
of experience by the dentist, so much so that the 
patient should probably be seen by a specialist if the 
initial dentist is not able to make an unambiguous 
recommendation. Using any aligner is a considerable 
investment of time, money, and other resources. It 

Figure 2: Tooth movements using attachments to transmit forces. The center of 
resistance is blue, while the line of action is red[50]
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is important that the correct decision is made.[77] It is 
important to note that clear aligners may not be the best 

option for all patients and that a thorough evaluation 
by a dentist or orthodontist is necessary to determine if 

Figure 3: Before (top) and after (bottom) pictures of Invisalign treatment of a severely crowded and misaligned dental arrangement in a 12‑year‑old girl. The procedure took 
16 months[54]

Figure 4: Successive aligner application for dental space closure; (a‑d) denote the different sets of aligners[57]
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clear aligners are a good fit for an individual’s specific 
needs and goals.[78‑80]

Limitations
As mentioned above, CAT is not indicated in all cases 
of dental realignment, and the technology has some 
limitations as well.[81‑84] One should not use CAT 
in cases of severe crowding or spacing issues that 
require extractions. Furthermore, despite the positive 
experiences in the case of anterior crossbites, some bite 
problems can be too complex for CAT to work well. 
Likewise, if the patient has complex jaw discrepancies or 
skeletal issues or if teeth need to be moved extensively 
in multiple directions, CAT is likely not going to be 
strong enough.[84‑88] If the patient is suffering from 
active periodontal disease, or has uncontrolled decay 
or gingival disease, CAT might be contraindicated.[89‑91]

As for the limitations of CAT, despite its esthetical appeal 
makes wearing aligners less uncomfortable, the treatment 
time may be longer compared to traditional braces. This 
is because clear aligners work more gradually, making 
small adjustments over time, whereas traditional braces 
can make quicker, more drastic changes. Furthermore, 
compliance is required for success; in other words, the 
aligners need to be worn for almost an entire day—22–23 
hours; and patients need to switch to a new set of aligners 
every week or two, as directed by their orthodontist. If a 
patient is not diligent in wearing their aligners, treatment 
time can be prolonged, and the desired results may not 
be achieved. Another limitation—which is one of the 
major reasons for CAT being contraindicated in case of 
complex dental problems—is the difficulty in achieving 
significant tooth movements. In these cases, orthodontic 
treatments that focus specifically on bite problems, such as 
traditional braces or jaw surgery, may be needed to fully 
address these issues. Moreover, importantly, if the dental 
problems are due to a different source, for example, in the 
jaw joints, any realignment of the teeth will not solve the 
bite problem. Lastly, clear aligners can be more expensive 
than traditional fixed aligners. This is especially true for 
more complex cases, where multiple sets of aligners may 
be needed to achieve the desired results. In addition, CAT 
may not always be suitable for children or patients with 
developmental problems, as they may not provide the 
necessary stability and control for proper tooth and jaw 
development.[92] In these cases, traditional braces or other 
orthodontic treatments may be more appropriate.[93,94]

That being said, CAT is still a young technology, will still 
improve in terms of application protocols and materials. 
It might even be possible to start out with fixed aligners 
to correct the most severe issues and then switch to clear 
aligners later on. It is also probably good to start early 
in development once dental alignment problems start 
emerging.[95]

Effectiveness

C l e a r  a l i g n e r  t h e r a p y  c a n  b e  a n  e f f e c t i v e 
orthodontic treatment option for a variety of teeth 
movements.[93,96‑100] When it comes to mild or moderate 
crowding or spacing issues, clear aligners can effectively 
treat mild to moderate crowding or spacing issues by 
gradually shifting teeth into their desired position. This 
is achieved by applying gentle, controlled force to the 
teeth using the aligners. The success rate of clear aligner 
therapy for correcting crowding or spacing issues is high, 
but can be influenced by the complexity of the case and 
patient compliance. Second, clear aligners can effectively 
straighten rotated or tipped teeth, resulting in improved 
esthetics and bite function, by gradually repositioning 
the teeth into the correct alignment. This can improve the 
appearance of the smile and the overall function of 
the bite. Clear aligners can also effectively close gaps 
between teeth by gradually shifting them into a more 
closely spaced position. This can improve the appearance 
of the smile and reduce the risk of food impaction and 
tooth decay. Lastly, CAT can be used to align the front 
teeth, which are highly visible when smiling and talking. 
This can greatly improve the appearance of the smile and 
boost a patient’s confidence.

The success of clear aligner therapy depends on several 
factors, including the complexity of the tooth movements 
required, patient compliance, and the experience of 
the orthodontist. On average, clear aligner therapy has 
a success rate of 80–90% for mild to moderate tooth 
movements, but this can vary based on the individual case.

As mentioned before, it is important to note that clear 
aligner therapy may not be the best option for more 
complex orthodontic cases, such as severe crowding or 
spacing issues, complex bite problems, or significant jaw 
discrepancies. In these cases, traditional braces or other 
orthodontic treatments may be more appropriate.[101‑103]

Conclusion

Clear aligner therapy is a modern orthodontic treatment 
option that has gained popularity in recent years due 
to its convenience, comfort, and virtually invisible 
appearance. The biomechanics of clear aligner therapy 
involves the application of gentle, controlled force to the 
teeth using a series of custom‑made, clear plastic aligners. 
This force gradually moves the teeth into their desired 
position, correcting a range of issues including mild to 
moderate crowding or spacing, straightening rotated or 
tipped teeth, closing gaps between teeth, and aligning 
the anterior teeth.

Clear aligner therapy has a success rate of 80–90% 
for mild to moderate tooth movements and can be 
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an effective alternative to traditional braces or other 
orthodontic treatments. However, it may not be the 
best option for more complex orthodontic cases, such 
as severe crowding or spacing issues, complex bite 
problems, or significant jaw discrepancies.

When deciding between clear aligner therapy and 
fixed braces, patients should consider their specific 
orthodontic needs and preferences, as well as the 
experience and recommendations of their orthodontist. 
Clear aligners may be more appealing to patients who 
prioritize comfort, convenience, and discretion, while 
fixed braces may be a better choice for those with 
more complex orthodontic needs or who prefer a more 
predictable treatment outcome.

The future of clear aligner therapy looks promising, with 
continued advancements in technology and materials, 
allowing for more effective and efficient treatment 
outcomes. The history of clear aligner therapy dates back 
to the late 1990s when the first clear aligner systems were 
introduced. Since then, clear aligner therapy has evolved 
and become increasingly popular as a preferred orthodontic 
treatment option for a growing number of patients.

In conclusion, clear aligner therapy is a safe, effective, 
and convenient orthodontic treatment option that offers 
patients a virtually invisible way to achieve a straighter, 
more beautiful smile. With continued advancements in 
technology and a growing body of research supporting 
its effectiveness, the future of clear aligner therapy looks 
bright.
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