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INTRODUCTION

Clear Aligner Therapy (CAT) has experienced a boom in 
demand from patients seeking orthodontic treatment. 
Over the past two decades CAT is increasingly becoming 
the preferred modality of treatment for orthodontic 
patients.(1,2) It is highly favored because the treatment 
is esthetically pleasing in comparison to traditional 
appliances, and that drives otherwise reluctant 
orthodontic candidates toward it. Patients today, owing 
to easy access to information on social media platforms 
and heavy direct-to-consumer marketing by CAT system 
companies, are well informed of their options. As the 
demographic of patients seeking orthodontics grows to 
encompass young adults and adults, the popularity of 
these systems continues to increase. 

At first, these CAT options were utilized as an esthetically 
palatable treatment option to satisfy the treatment 
needs of an adult patient population increasingly 
seeking orthodontic treatment. As society becomes 
more esthetically conscious, recent years have shown a 
progressively growing demand for CAT in the younger 
demographic of orthodontic patients.(3) CAT systems 
offer other advantages to the patient as well – they are 
more friendly to oral hygiene practices and require a 
decreased appointment frequency. 

Clinicians also favor CAT as it allows for digital treatment 
planning and decreased chair time. CAT systems may 
also provide mechanical advantages in treatment of 
certain malocclusions. Literature has reported various 
potential advantages with CAT, such as better oral 
hygiene, improved periodontal health, reduction in the 

extent and incidence of root resorption as opposed to 
traditional orthodontic therapy, and the improvement of 
TMD-related pain and headaches.(1, 2, 4, 5)

Historically the first use of clear overlay orthodontic 
appliances was in 1946, when Kesling used a series 
of thermoplastic tooth positioners to progressively 
move misaligned teeth into improved positions.(6) Align 
Technology (Santa Clara, CA, USA) introduced the 
product “Invisalign” in 1998 as the pioneering clear 
aligner system to utilize digital design and manufacturing.
(7) The burgeoning use of computer-aided design 
technology and manufacturing capacity in dentistry has 
motivated many companies to create their own aligner 
products. There continues to be an exponential growth 
of companies in this space. 

Despite the increasing popularity and many advantages 
of CAT systems to both the clinician and the patient, there 
remain a wide variety of risks associated with their use 
and several limitations in their ability to deliver optimal 
treatment outcomes. An informed clinician can design 
treatment plans while taking these risks and limitations 
into account to both manage patient expectations and 
deliver successful outcomes. 

The purpose of this paper is to highlight the risks 
and limitations of CAT systems so the clinician can be 
better prepared to prevent or handle any untoward or 
unexpected clinical scenarios. 
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CONSIDERATIONS FOR TREATMENT SUCCESS 
WITH CLEAR ALIGNERS 

The success of orthodontic treatment with clear aligners 
depends on the complex interplay of multiple factors that 
must be carefully considered during treatment planning 
and execution. (Fig 1 illustrates the breakdown of these 
factors.) These factors can be broadly categorized into 
four main areas: patient-related, clinical, mechanical, 
and biological factors, each playing a crucial role 
in determining treatment outcomes or long-term 
implications. 

1. Patient-Related Factors 

CAT systems are removable systems geared toward 
patient convenience by design. They also demand a 
high level of discipline and cooperation from the patient. 
For an appliance system to be effective, most systems 
recommend about 20-22 hours of wear per day.(8) 

Movement prescriptions that are built into the aligners 
cannot be delivered to the tooth if this time is not adhered 
to as prescribed. This makes patient compliance with 
aligner wear the cornerstone of a successful treatment. 

A very small percentage of patients may have allergic 
reactions to aligner materials.(5) Information about plastic 
allergies can be gained by asking questions about 
reactions or sensitivities to similar polymers. More often 
these are discovered after treatment initiation. Some CAT 
system laboratories offer alternate material for patients 
with allergies.(9, 10) 

CAT and Speech considerations

CAT systems have full coverage aligners that deliver forces 
for treatment. These can transiently affect a patient’s clarity 
of speech. This factor must be discussed with the patient 
prior to initiating treatment. Patients whose occupations 
require extensive verbal communication, for example, 
professional speakers, teachers, media anchors, etc, 
must be cognizant of this prior to starting treatment. This 
prevents a distressful experience for the patient once 
treatment is initiated and allows them to organize their 
work engagements to navigate the process with greater 
comfort.(11, 12)

The presence of aligners may temporarily affect 
phonation, particularly during the initial adaptation 
period, with specific impact on sibilant sounds such as 
/s/ and /sh/. The thermoplastic material’s thickness and 
extension onto the palatal surfaces can interfere with 
tongue positioning and airflow patterns necessary for 
clear speech production.(13,14) While most patients adapt 
to these changes within the first few weeks of treatment,(11) 
some may experience persistent speech alterations that 
are limiting to their professional and social interactions.(15) 

Studies have shown that sound distortions are most 
pronounced immediately after aligner insertion and 
improve with continued wear. The adaptation period 
varies significantly among individuals. While removing 
aligners can afford many conveniences to the patient, it 
can complicate or delay speech adaptation, as removal 
and reinsertion throughout the day may lead to brief 
periods of speech readjustment. Variations of thickness 
of aligner material during a treatment sequence can 
necessitate ongoing adaptation to maintain clear speech 
patterns. Some patients may require modified wear 
schedules or alternative treatment options if speech 
adaptations significantly impact their daily activities.(15)

Clear Aligners and Weight loss 

The discipline of wearing aligners 20-22 hours a day by 
patients for a successful orthodontic outcome limits eating 
time and possibly the caloric intake for some patients 
who may then experience transitional weight loss.(16,17) 
In line with the current fashion of sharing experiences on 
social media platforms, this has given rise to anecdotal 
claims about weight loss during CAT and has popularized 
the term, “The Invisalign Diet.” 

Recent research has challenged these claims about weight 
loss during clear aligner therapy. While some patients and 
practitioners have suggested the requirement to remove 
aligners for eating might reduce snacking frequency and 
lead to weight loss, clinical evidence does not support 
these claims.(18) A 2024 prospective cohort study by 
Morgan et al.(16) demonstrated no statistically significant 
differences in weight changes between patients using 
clear aligners versus fixed bracket systems during the 
initial 3-4 months of treatment. Although the CAT group 
showed a mean weight loss of 0.8 kg (~1.7 pounds) over 
this period, there was considerable individual variability 
(SD ±2.9 kg), indicating that individual responses vary 
substantially. 

Additionally, compliance with aligner wear decreased 
from 86 percent at 6-8 weeks to 73 percent at 12-16 
weeks, suggesting the window for being able to consume 
food increased, implying weight loss associated with 
aligner wear by means of a restricted feeding time 
may not be sustainable for many patients. Treatment 
discomfort showed a significant association with reduced 
compliance, which could impact both treatment efficacy 
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and any potential dietary modifications.(16)

Furthermore, marketing CAT as a weight loss strategy 
is negligent and misleading, as the primary purpose of 
orthodontic treatment is to improve dentofacial aesthetics 
and occlusion. Clinicians must inform and counsel patients 
who are embarking on treatment with the secondary 
goal of weight loss that while CAT may temporarily affect 
eating patterns, it is not a method for weight loss or weight 
management.

2.Clinical Considerations for CAT 

CAT and Periodontal health

CAT systems offer distinct periodontal advantages 
and disadvantages to the orthodontic patient. Careful 
management can ensure the useful characteristics of 
the system are best utilized and side effects minimized. 
Research demonstrates generally favorable periodontal 
outcomes compared to fixed appliances, with lower 
plaque indices and reduced gingival inflammation.(19) 
Challenges specific to clear aligners include inconsistent 
gingival margin adaptation during tooth movement 
and potential recession, particularly with excessive 
proclination.(20) 

Periodontal tissue response to intermittent force 
application also differs from traditional mechanics and may 
affect periodontal ligament compression and blood flow 
patterns under aligner coverage.(21) Studies have identified 
modifications in the subgingival microbiome and gingival 
crevicular fluid composition during treatment.(20, 22) This 
necessitates careful monitoring of periodontal health. 

Patients with compromised periodontal support or thin 
biotypes require particular attention, with evidence 
suggesting the need for modified protocols including 
reduced force levels, careful attachment placement, 
and enhanced professional maintenance schedules. The 
presence of composite attachments creates additional 
considerations for gingival health, requiring strategic 
placement relative to gingival margins and modified 
cleaning protocols.(19, 23)

Success in maintaining periodontal health during CAT 
depends on proper case selection, patient compliance 
with hygiene protocols, careful prescription of movement 
of teeth, and regular monitoring of treatment progress. 
Much like with traditional appliance treatments, current 
evidence emphasizes the importance of a comprehensive 
pretreatment periodontal evaluation and ongoing 
assessment of attachment levels, particularly in cases 
involving significant tooth movement or preexisting 
periodontal compromise.

CAT systems give the clinician the ability to vary the velocity 
of tooth movement through digital treatment plan design 
and length of time of aligner wear for a given patient. It 

would be useful to investigate how these variables affect 
the periodontal status of a patient. 

CAT and Occlusal Limitations

Owing to effective marketing and esthetic advantages, 
patients are driven to seek orthodontic treatment 
resulting in near ideal outcomes via CAT. While CAT is a 
more comfortable and esthetic treatment modality for the 
patient, it is important to note that it has demonstrated 
significant limitations in achieving optimal occlusal 
outcomes for a host of orthodontic problems. The 
clinician must have knowledge of these limitations and 
manage patient expectations accordingly at the outset 
of treatment to prevent friction in the doctor-patient 
relationship later. 

Clinical research consistently highlights that attaining ideal 
posterior occlusal is a challenge with CAT, and there is a 
notable prevalence of posterior open bites as treatment 
sequelae.(24-26) The technology demonstrates weakness in 
delivering forces required to correct posterior crossbites 
and to achieve complete resolution of deep overbites.(27) 
Studies examining cases that were evaluated by criteria of 
the American Board of Orthodontics (ABO) for treatment 
excellence report lower passing rates for cases treated 
with CAT than those treated with fixed appliances. Scores 
were lower particularly for occlusal relationships and 
contacts.(26, 28)

The biomechanical limitations of aligners become 
especially apparent in posterior segments, where 
achieving proper torque control and extrusion remains 
challenging. This difficulty extends to establishing 
proper intercuspation and maintaining predictable 
vertical control throughout treatment. While aligners 
demonstrate acceptable effectiveness in treating mild 
to moderate crowding and simple non-extraction 
cases, their predictability diminishes significantly when 
addressing complex malocclusions requiring substantial 
occlusal modifications.(10, 27)

Recent systematic reviews and clinical studies indicate 
that successful occlusal outcomes with CAT are most 
predictable in cases requiring primarily alignment without 
major occlusal changes. The technology shows reduced 
effectiveness in achieving proper canine guidance 
and maintaining stable posterior relationships. These 
limitations become particularly relevant in cases requiring 
precise three-dimensional control of tooth movement, 
especially in the vertical dimension. While developing 
the treatment plan these limitations must be considered 
carefully even though the digital working model 
sequences may show an ideal outcome. The importance of 
considering these inherent limitations is paramount when 
treating cases with significant occlusal discrepancies or 
those requiring precise posterior settling.(26, 28)

A sound understanding of the force delivery system 



apparent, as bone remodeling continues well after the 
active treatment phase.(29)

IPR is contraindicated in cases of severe crowding. The 
procedure’s effectiveness diminishes with increased 
crowding severity and attempting IPR in such cases may 
lead to excessive enamel reduction without alleviating 
crowding. It is important to note that the predictability 
of tooth movement following IPR varies significantly 
between the upper and lower arches. Studies show 
predictability rates of only 49 percent for the upper arch 
and 42 percent for the lower arch.(39)

Changes in tooth inclination following IPR must also be 
carefully monitored. Research demonstrates that IPR can 
lead to significant changes in incisal inclination, with 
documented changes of 4.8 degrees in upper incisors 
and 4.2 degrees in lower incisors. These changes can 
affect both aesthetic outcomes and functional occlusion 
and therefore treatment plans must take into account 
these angular changes prior to prescribing movements in 
CAT systems for final tooth positions.(32) 

CAT and TMD 

Current evidence regarding temporomandibular joint 
(TMJ) disorders and pain during clear aligner therapy 
shows varying clinical outcomes. Research indicates that 
while clear aligners may offer certain advantages over 
fixed appliances in terms of TMJ loading, they also have 
their share of complications.(40) Studies have documented 
both improvement and exacerbation of TMD symptoms 
during aligner therapy, suggesting the presenting 
malocclusions and other factors unique to an individual 
play a significant role in outcomes.(41-43)

The intermittent nature of aligner wear creates a unique 
pattern of force application that differs from traditional fixed 
appliances. Some studies suggest that this intermittent 
force application may lead to periodic changes in joint 
loading patterns, potentially affecting TMJ function. 
Patients with pre-existing TMD may experience varying 
degrees of symptom modification during treatment, with 
some reporting temporary increase in discomfort during 
aligner changes.(40, 44, 45)

Research has shown certain patient populations may be 
more susceptible to TMJ complications during aligner 
therapy. Those with a history of myofascial pain, joint 
clicking, or limited opening may experience temporary 
exacerbation of symptoms, particularly during the initial 
adaptation period. However, long-term studies suggest 
that most patients do not develop significant TMJ 
problems attributable solely to aligner therapy.(8, 46)

Current evidence suggests that proper case selection and 
careful monitoring of TMJ status throughout treatment are 
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offered by CAT systems and their biomechanical 
expression is essential for effective digital planning. Case 
selection continues to remain crucial, and it is important 
that the patient has realistic expectations of treatment 
outcomes. It is better to consider alternate treatment 
modalities like fixed appliances if CAT systems are unlikely 
to deliver desired outcomes. This is especially important 
in complex cases.

Interproximal Reduction and CAT

Interproximal enamel reduction (IPR) is one of the most 
common procedures that is either prescribed by the 
clinician or suggested by preliminary digital plans from 
CAT system labs. IPR remains an invaluable tool for 
creating required space for delivering optimal treatment 
outcomes.(29-31) 

IPR, however, can be employed to the patient’s benefit 
safely only when the clinician has engaged in proper case 
selection and meticulous and technically sound execution 
of this technique.(32, 33)

The primary concern with IPR is the structural integrity 
of the tooth enamel, as the procedure demands 
removal of enamel from interproximal surfaces of teeth. 
Research indicates a maximum of 50 percent as a 
guideline for removal proximal enamel thickness without 
compromising dental health.(34) Clinicians must observe 
and adjust the amount of IPR based on natural variations 
in enamel thickness, tooth shape, and morphology.(35, 

36) It is important to note that distal surfaces of anterior 
teeth typically have 0.10 mm more enamel than mesial 
surfaces.(32) Reduction of enamel beyond biologically 
sound parameters can lead to dentin hypersensitivity 
and especially to temperature variations. This dooms the 
patient to long-term discomfort, sensitivity, and other 
potential long-term complications.(32, 37, 38)

If the technique used in executing the procedure is 
not followed strictly, irreversible enamel furrows may 
form, which create a risk for the patient. These furrows 
can create surfaces that are particularly susceptible to 
plaque accumulation, leading to increased caries risk 
and periodontal complications. Patients with poor oral 
hygiene are at higher risk. A thorough pretreatment 
assessment of the patient’s oral hygiene habits is an 
important consideration prior to employing IPR.(29, 38)

Bone remodeling considerations add another layer of 
complexity to IPR-related risks. Recent research using 
CBCT imaging has shown varied effects on interradicular 
bone volume following IPR procedures. While some 
areas show minimal impact, specific regions such as the 
lower canine-lateral area and upper central-lateral area 
demonstrate significant bone volume changes. The 
full extent of these changes may not be immediately 



essential. Practitioners should implement comprehensive 
pretreatment screening for TMD risk factors and maintain 
regular assessment of joint function during therapy. 
Patient education regarding proper aligner wear and 
awareness of potential TMJ symptoms is important for 
managing patient expectations and altering treatment 
course when necessary.(2, 40, 41)

While clear aligners may offer the advantage of reduced 
overall joint loading compared to fixed appliances, they 
require careful management for each individual patient. 
Future research that explores and identifies specific patient 
populations most susceptible to TMJ complications 
during CAT system treatments and develops methods 
to mitigate these problems would allow the clinician to 
better serve these patients. 

CAT and WSL 

White spot lesions (WSLs) during orthodontic treatment 
with traditional appliances present a significant concern.
(47) Current literature reports that clear aligner therapy 
is a favorable appliance of choice compared to fixed 
appliances to decrease their incidence.(48) Studies 
indicate substantially lower incidences of WSL with 
aligners, ranging from 1.2 percent to 6 percent, in contrast 
to the 25.6 percent to 49.6 percent reported with fixed 
appliances.(49) 

This reduced risk can be attributed to the ability to perform 
oral hygiene practices without hindrance as aligners are 
removal appliances. The lack of brackets bonded to the 
teeth decreases plaque retention sites and also facilitates 
a more effective fluoride application during the course of 
treatment.(49, 50) 

While the risk of WSL is reduced with aligner use, it is 
not eliminated.(49) Some risks remain during treatment 
with CAT that may lend themselves to formation of 
WSL. Extended wear time of the aligners beyond the 
recommendation of the clinician and the potentially lower 
movement of saliva beneath the appliance may contribute 
to an environment that is conducive to development of 
WSL and caries. This is especially likely in patients who 
frequently consume sugar-sweetened beverages while 
wearing their aligners. CAT often requires placement 
of composite attachments and, depending on their size 
and shape, these too can serve as retentive surfaces for 
plaque. Much like with traditional appliances, the treating 
clinician should reinforce good oral hygiene, and routine 
checks for prophylactic care. Early detection of WSL is 
crucial as these lesions can progress rapidly if the problem 
is not addressed.(23, 50, 51)

3. Mechanical Considerations 

Magnitude of Tooth Movement
Clear aligners have demonstrated varying degrees 
of effectiveness depending on the amount of tooth 
movement required. For mild to moderate malocclusions 
involving movements between 1-5mm, clear aligners 
show results with predictability rates of 87 percent in the 
upper arch and 81 percent in the lower arch. However, 
when movements exceed 5mm, particularly in cases 
requiring significant crowding correction or space 
closure, the effectiveness of the movement decreases and 
becomes less predictable. This limitation stems from the 
inherent properties of the thermoplastic materials. They 
are unable to maintain consistent force application over 
larger ranges of tooth movements.(52)

Types of Tooth Movements

CAT systems operate best when the movements 
designed in the digital plan leverage to advantage 
the properties of the material. It has been found that 
simple tipping movements are highly predictable, as 
they require less complex biomechanical control. More 
sophisticated movements are far more challenging to 
execute. Rotational movements, especially of conical 
teeth like premolars and canines, show accuracy rates 
of 77.5 percent for first molars and 62.7 percent for 
second molars. Extrusion movements, particularly in the 
anterior region, demonstrate limited success compared to 
intrusion movements. 

The movements that are least effective in delivery through 
CAT systems usually involve torque control and root 
movements. The ability to generate effective couples 
(paired forces) is compromised significantly due to the 
removable nature of the aligners.(25, 52-55)

Force Mechanics and Biomechanical Challenge

The fundamental limitation of clear aligners lies in their 
force delivery system. Traditional fixed appliances 
can generate continuous forces through bracket-wire 
interactions, creating effective couples for torque control. 
Clear aligners, however, operate primarily through a 
displacement-driven system that relies on the aligner’s fit 
to generate forces. This presents several challenges:

1. Anchorage control is compromised due to the absence 
of rigid connections between teeth;
2. Force application is intermittent due to the removable 
nature of the appliances;
3. Complex movements requiring three-point force 
systems are difficult to achieve; and
4. The “walking” movement pattern seen in extraction 
space closure with fixed appliances cannot be replicated 
effectively.(1, 2)
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Material Properties

Most aligner materials utilized currently are of uniform 
thickness on each individual tooth and remain the same 
during the course of treatment. The construction of the 
aligner itself cannot change in these aspects at each 
stage of treatment, thereby limiting customization of 
movement of teeth to a higher degree or fulfilling the 
specific requisites of each stage of treatment (example 
leveling and aligning or finishing etc.) with greater 
sophistication. Modern aligners utilize materials with 
specific characteristics:

•	 Low hardness and high resilience for patient comfort;
•	 Adequate elasticity for force generation;
•	 Resistance to warpage for maintaining fit; and
•	 Optimal transparency for aesthetics.

However, these materials face challenges including:

•	 Degradation of force delivery over time;
•	 Decreased effectiveness with mechanical stress;
•	 Limited ability to maintain complex force systems; 

and
•	 Susceptibility to deformation under masticatory 

forces.

The key to successful outcomes lies in understanding 
these limitations and treatment planning accordingly. 
A creative clinician can utilize many auxiliaries available 
in the orthodontic arsenal when needed in conjunction 
with CAT systems to maintain efficiency and quality of 
treatment.(56)

4. Biological Considerations 

Effects of Aligners on Oral Health and Oral Microbiome

Aligners utilized in CAT systems create a cascade of 
microbiological changes when introduced into the oral 
environment. At the macro level, they create additional 
surfaces for bacterial colonization, with biofilm formation 
beginning within 24 hours of aligner placement. At a 
microbial level, they alter the flora of the oral environment.
(23, 57)

Literature reports increased levels of both cariogenic 
bacteria, particularly Streptococcus mutans, and 
periodontal pathogens such as Porphyromonas gingivalis 
during CAT.(58,59) Thermoplastic materials used for aligner 
fabrication have specific surface properties that influence 
bacterial adhesion and enable progressive increases 
in bacterial load during the usually prescribed one to 
two week period of aligner wear. These microbiome 
alterations are influenced by multiple factors, including 
daily wear duration, oral hygiene practices, aligner 
cleaning protocols, and individual patient characteristics 
such as diet and salivary flow.(23, 58, 60)

While studies suggest the oral microbiome generally 

returns to baseline post-treatment for most patients, for 
some of the patient pool, these alterations may persist. 
Patients with poor compliance with oral hygiene protocols 
are more susceptible. The risk of adverse microbiological 
changes necessitates implementation of diligent practice 
of oral hygiene protocols, regular professional monitoring 
in the form of routine checks and prophylaxis, and 
adherence to proper aligner cleaning techniques.(57)

Current research is exploring the possibilities of 
developing antimicrobial aligner materials and optimizing 
cleaning protocols to minimize these risks. Nevertheless, 
significant knowledge gaps remain regarding long-term 
impacts of an altered microbiome on oral health or what 
factors make an individual more prone to these alterations.
(61)

CAT and Cytotoxicity/Microplastics

Clear aligners are predominantly manufactured from 
thermoplastic polyurethane (TPU) and similar materials.
(62) They present unique challenges related to their 
biological interaction with oral tissues and the potential 
environmental consequences when they are discarded 
after use. As the adoption of clear aligner therapy 
in orthodontics increases, material safety aspects, 
particularly regarding cytotoxicity and environmental 
impact, require careful consideration.(63)

Recent research has identified concerns regarding the 
biocompatibility of aligner materials. During treatment, 
these appliances may release various compounds, 
including bisphenol-A (BPA) and its analogs.(64, 65) While 
studies typically report the levels of release of these 
particles as below regulatory thresholds, the cumulative 
exposure to them throughout treatment duration warrants 
attention. The oral environment subjects these materials 
to complex degradation processes through enzymatic 
activity, mechanical stress, and temperature fluctuations.
(63) This potentially facilitates the release of estrogenic 
compounds and other bioactive substances that may 
affect cellular viability.

Local tissue response to aligner materials represents 
another significant consideration. In vitro studies have 
demonstrated varying degrees of cellular response to 
these materials, with some research indicating mild 
cytotoxic effects on human gingival fibroblasts and other 
oral tissue cells.(63)

An emerging concern with clear aligner use is the 
breakdown of aligner material leading to generation 
and release of microplastics both in the oral cavity and 
eventually into the environment. 

Microplastics (MPs) are defined as synthetic polymer 
particles or fibers with a diameter of 1-5000 µm.(66) During 
the last decade, MPs have emerged as “novel” pollutants. 
They have attracted increased attention due to their 
toxicity and their detrimental effects on human health.(67) 

6



Evidence from recent studies in animal models reports 
that ingestion of MPs resulted in oxidative stress and 
inflammatory processes. 

Their hazardous effects are compounded due to the 
inability of the immune system to remove synthetic 
particles.(67, 68) This leads to chronic inflammation and 
increases the risk of neoplasias. The potential toxicity 
of microparticles depends on their shape, chemical 
composition, and size. Size is a crucial factor for the uptake 
of these microparticles.(69) It has been observed that very 
small particles are able to passively cross cell membranes, 
while larger ones require active endocytosis. (63, 69)

As aligners undergo degradation in the oral environment, 
they contribute to microplastic pollution through 
multiple mechanisms. Mechanical wear from normal 
use, masticatory forces, and cleaning procedures lead 
to surface degradation. Chemical processes, including 
exposure to salivary enzymes and pH variations, further 
contribute to material breakdown. These degradation 
products ultimately enter wastewater systems, eventually 
accumulating in aquatic environments and contributing to 
the growing global challenge of microplastic pollution.(63)

Researchers and developers in the field have started to 
address these concerns through various approaches. 
Material development efforts focus on creating more 
biocompatible and environmentally sustainable 
alternatives while improving manufacturing processes 
to reduce chemical leaching and enhance material 
stability. Clinical protocols increasingly emphasize 
proper handling and disposal procedures, though 
comprehensive solutions to protect the environment from 
the waste post-treatment remain an ongoing challenge. 

Future investigations must focus on long-term 
biocompatibility assessment, the development of 
sustainable materials, and understanding and mitigating 
the cumulative effects of aligner wear on both patient 
health and the environment. The challenge lies in 
balancing the clinical benefits of clear aligner therapy with 
responsible management of these emerging biological 
and environmental concerns.(1, 70-72)

The daily wearing of aligners by patients inevitably leads 
to the continuous frictional contact between the occlusal 
aligner surfaces. This frictional wear can possibly detach 
plastic fragments from the thermoplastic material in the 
oral cavity. This, coupled with the large number of hours 
per day and the treatment duration of orthodontics 
to achieve desired outcomes, increases the possible 
exposure of the patient to these particles.(63, 73) 

The clinician can explore the materials and the methods 
of printing of an aligner system prior to electing its use. 
An effort can be made to choose systems with polymers 
that are less susceptible to disintegrate and release 
microplastics in the mouth and are likely to deliver quality 
orthodontic outcomes.(72, 74) 

ADVERSE EVENTS REPORTED WITH ALIGNERS 

There have been several adverse clinical events reported 
with aligner use, for example, difficulty breathing, swollen 
throat, anaphylactic reaction, swollen lips, laryngospasm, 
and blisters.(5) These have been reported in the medical 
device reports (see the Manufacturer and User Facility 
Device Experience database of the United States Food 
and Drug Administration).(5, 75) 

The align technology product “Invisalign” is manufactured 
with polyurethanes, and isocyanate is a critical component 
required for polyurethane synthesis. Health effects of 
isocyanate have been well documented in the literature, 
including but not limited to increased risk of asthma 
and contact dermatitis. In an in-vitro cytotoxicity study, 
oral epithelial cells exposed to these aligners showed 
increased cell death, compromised membrane integrity, 
and reduced cell-to-cell contact and mobility, which may 
be the mechanism for isocyanate allergy.(76, 77) 

Adverse events to aligners are also grossly under-reported.(5) 

FUTURE OF CAT (CAT CURRENT PERSPECTIVES)

The latest trend in the development of CAT is the shape-
memory polymers (SMPs) and direct 3D printing of the 
aligners. SMPs are a type of smart material or stimuli-
responsive polymer material.(78,79) These materials have 
the ability to favorably react with external stimuli, such 
as thermal, electrical, or magnetic input, producing a 
predictable repeatable output. SMPs can change their 
macroscopic shape under a proper stimulus. 

Direct 3D printed aligners may eliminate the errors 
resulting from thermoplastic workflow, apart from the 
errors that result from analog impressions. Compared 
to the manufacturing method of existing aligners, model 
output is not required. It also eliminates manual work 
such as thermoforming, cutting, and finishing, thereby 
decreasing waste during the manufacturing process. This 
also allows manufacturing cost to decrease. It has also been 
reported that this newer material can be heat sterilized, 
and that may allow the patients to boil the aligners to keep 
them clean.(74)

Newer technologies will allow customization of each 
aligner not only to the movement required at each stage 
but also variations in rigidity based on the movement 
needed or stability needed for individual teeth that are 
being moved. The sophistication of the software and 
the manufacturing process will allow more detailed 
and complex movements to be executed with greater 
accuracy. 

CAT systems are poised to continue to evolve, advance, 
and cement their position as one of the key treatment 
modalities to deliver orthodontic care. 
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