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ABSTRACT
The growing number of adult patients undergoing orthodontic therapy in recent years has resulted in a significant rise in aesthetic concerns about orthodontic appliances. Clear, removable aligners have emerged as a comfortable and aesthetically pleasing alternative to traditional fixed appliances, and clear aligner therapy (CAT) seems to be more considerate of the patient's periodontal health because the aligners are removable, allowing patients to regularly maintain good oral hygiene. The material used in their manufacturing is a significant factor. The biomechanics of transparent aligners include the use of specially shaped, custom-made aligners to shift teeth into desired positions. These aligners, which are often made of flexible materials like polyurethane or ethylene vinyl acetate, are adjusted to supply the forces needed for tooth movement. Attachment devices called power ridges and buttons are commonly used to assist or enhance specific tooth movements and aid in aligner retention. The attachments' capacity to exert the proper stress on the teeth is essential to the effectiveness of Clear Aligner Therapy. Clear Aligner therapy (CAT) is a virtually undetectable orthodontic treatment option that is safe, efficient, and convenient for individuals seeking a straighter, more attractive smile. The future of Clear Aligner Therapy is promising due to ongoing technological developments and an increasing amount of research demonstrating its efficacy.
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INTRODUCTION
“The recent surge in the number of people seeking orthodontic treatment has coincided with a desire for appliances that are more comfortable and aesthetically pleasing than traditional fixed equipment. Clear Aligner Therapy (CAT) is a method of straightening teeth using clear, specially designed plastic aligners; the aligners' minimal pressure gradually moves the teeth into the proper position. The benefits of CAT include the braces being nearly undetectable, comfortable to wear, and detachable for eating and brushing, which can help with a number of orthodontic problems.”.[1]. “Similar to fixed appliance systems, a broad variety of appliances with varying construction techniques, modes of action, and suitability for different malocclusion therapies are included under the umbrella name Clear Aligner Therapy (CAT). Although they all employ clear thermoformed plastic aligners to cover most or all of the teeth, there are important distinctions between them that limit each system's capacity to address a variety of orthodontic issues” [2]. “One of CAT's main concerns is compliance. Patients must wear clear aligners consistently for at least 22 hours every day in order for them to be effective. If aligners are not worn as prescribed, treatment may take longer or fail.” [2]. “Another issue is that not all orthodontic situations, particularly more severe ones like crowding, Midline diastema, generalized spacing, or occlusion problems can be resolved with transparent aligners; in these cases, traditional braces or other forms of treatment may be required. Additionally, patients may find it difficult to clean their aligners and teeth, which could increase their risk of developing tooth decay, gingivitis, and bad breath. Lastly, CAT is usually more expensive.”[4]. “Although CAT has clear advantages and disadvantages, some things remain unclear, such as how well CAT performs in comparison to traditional braces and other orthodontic procedures in terms of overall success rate and time needed to achieve the desired results. Clear aligner therapy is more cost-effective for patients than traditional braces and other orthodontic treatments.” [5] We will examine the satisfaction rates for clear aligner therapy in comparison to traditional braces and other orthodontic procedures. [6] How transparent aligners compare to traditional braces and other orthodontic treatments in terms of retention and relapse rates following treatment.[7] The history, indications, and limitations of transparent aligners will be reviewed in this essay. The biomechanics of the aligners and their effectiveness in moving teeth will also be covered.

History

“The history of clear aligner therapy began in the 20th century when dentists began experimenting with using clear plastic aligners to straighten teeth. They found that using a series of translucent plastic aligners, each slightly different from the one before it, allowed teeth to be gradually shifted into the correct positions. Dr. Harold Kesling's Tooth Positioner was at least as early as 1946 when clear aligners were formally introduced to the orthodontic toolbox in modified forms. In addition, spring aligners have been used by orthodontists to correct teeth for many years. Nahoum, Ponitz, McNamara, Sheridan, and Truax developed these ideas before they were recently combined with advancements in computer technology (CAD-CAM), stereolithography, and tooth-movement simulation software) and transparent thermoplastic materials.” [8,9,10,11,12]. CAD/CAM technology allows for the design and manufacture of custom-made clear aligners. Invisalign® aligners are designed, manufactured, and marketed by Align Technology which is a medical device company headquartered in San Jose, California. The company was founded in March 1997 by Zia Chisti and Kelsey. When Align Technology released the first commercial transparent aligner system, Invisalign, in 1999, it immediately gained popularity among patients looking for a more discrete and comfortable alternative to traditional braces. In 2000, Align Technology received FDA clearance for the Invisalign system, which further increased its popularity. Since CAT is a natural extension of the use of tooth positioners, clear aligner therapy (CAT) products have become more widely available and effective for tooth alignment in a variety of malocclusions. Initially reserved for orthodontists, the Invisalign system was eventually made available to non-orthodontists as well.

Generations of clear aligners

“Hennessy and Al-Awadhi have organized and reviewed these changes as eight generations of clear aligners. Clear aligners in general and Invisalign in particular have undergone numerous changes over the years to improve clinical effectiveness and treat various malocclusions in a more aesthetically pleasing, comfortable, and effective manner.”[13]

First-generation aligners

“In order to achieve the intended results, early clear aligner systems relied solely on the thermoformed plastic aligner material and lacked any auxiliary components. In 2000, the first case study was published that used first-generation Invisalign to treat cases with mild crowding and gap closure. Before September 2001, Invisalign aligners were made with a polymer mixture called Proceed30 (PC 30). All of the clinical, chemical, and physical requirements for orthodontic tooth movement were not met by this substance. Clinicians encountered a number of challenges and limitations when utilizing these clear aligners.” [14]

Second-generation aligners

“Manufacturers added attachments as aligner technology developed to provide users greater control over the expected movement of their teeth. Additionally, clinicians could request composite buttons to be glued to the teeth and use intermaxillary elastics. Power RidgeTM, Velocity Optimization, SmartForceTM attachments, and interproximal reduction (IPR) are other components of the Invisalign system that have become standard. Exceed30 (EX 30), a single-layered polymer made of polyurethane methylene diphenyl diisocyanate 1.6-hexanediol, an implanted medical-grade polymer that has been approved by the US Pharmacopeia, Class IV” [15] for safety and biocompatibility, was used to create the aligners. Because the EX30 material was four times more versatile and 1.5 times more elastic than PC 30, it was simpler for the patient to put in and take out the trays.

Third-generation aligners

In 2010, the SmartForceTM features were added to the third-generation aligners. These included optimal attachments created and positioned automatically by commercial software, as well as indentations in the polyurethane plastic that enhanced pressure on particular locations on the crown to produce a moment of a couple and root torque (Power Ridge). When required, the doctor could also suggest applying non-precision attachments to the teeth to improve movements like derotation and extrusion. To help with Class II and Class III interarch elastics, new precision cuts were developed. The third-generation aligners with SmartForceTM features were released in 2010. These included optimal attachments that were automatically generated and positioned by commercial software, as well as indentations in the polyurethane plastic that applied additional pressure to particular areas of the crown.16]

Fourth-generation aligners

“In order to enhance clinical results for patients with open bites, G4 attachments were released in 2011. These attachments feature better-optimized extrusion attachments on several teeth. In addition to rotation and/or crown tipping, new multi-plane movement characteristics were included for upper laterals to enhance extrusion. Optimized root control attachments were created to improve mesiodistal root control of central incisors and canines. Since 2013, SmartTrackTM (LD30), a novel multi-layer aromatic thermoplastic polyurethane/co-polyester material, has replaced EX 30. Patients find this new material easier to use due to its improved performance, which includes a gentler and more constant force, longer-lasting action, and better stickiness. LD30 provides an even more precise and pleasant aligner than EX30, along with greater flexibility, chemical stability, and constant orthodontic force delivery.” [17,18]
 
Fifth-generation aligners

“Fifth-generation enhancements, which included precision bite ramps on the lingual of the upper incisors, pressure areas on the lingual of the upper and lower anterior teeth, and bevelled dome-shaped retention attachments on the premolars, increased the predictability of deep bite correction in late 2013. In contrast to EX30 materials, a recent study by Blundell et al. discovered that the application of precision biting ramps does not seem to considerably enhance SmartTrackTM material's capacity to open the bite predictably.” [19]

Sixth-generation aligners

“Using new SmartStageTM technology and SmartForceTM features, sixth-generation clinical innovation for orthodontic treatment of first premolar extractions was introduced in late 2014. These innovations optimize the progression of tooth movements for extraction treatment planned for maximum anchorage by providing vertical control and root parallelism.” [20]

Seventh-generation aligners

“The 2016 release of Invisalign G7, a collection of features intended to provide better treatment results and more control over tooth movements, was especially targeted at adolescent patients. To prevent posterior open bites, it sought to improve root control, upper lateral incisor control, and other aspects.” [21].

Eighth-generation aligners

[bookmark: _GoBack]“The eighth-generation advancements, which included upgrades to the ClinCheck virtual proprietary software setup to level the Curve of Spee and SmartForceTM aligner activation for anterior intrusion, were unveiled in late 2020 with the goal of further increasing the predictability of deep-bite correction. By optimizing expansion support and rotation attachments to lessen the possibility of buccal crown tipping, G8 also eliminates undesired crown tipping during posterior arch extension.” [22]


Materials used in Clear aligners

Materials that produce Clear Aligners can affect their clinical performances (Zhang et al., 2011; Lombardo et al., 2017) [23,24]. The type of material used depends on the manufacturing process. Aligners can be produced by molding the material on physical models, derived from a virtual planning software through 3D printing, or generated directly by 3D printing, without physical models. Since no approved photopolymerizable resin is suited for direct printing, only thermoformed aligners are commercialized and clinically employed (Table 1). 




         Brand Name                                                   Materials used                                     


MTM clear aligner                 RaintreeEssix ace plastic: Copolyester-proprietary correctors

Straight and clear cosmetic         RaintreeEssix ace plastic: Copolyester-proprietary correctors
             
Inman aligner                          Acrylic

Biolon                                      PET-G (Polyethylene terephthalate glycol)

Duran                                       PET

EasyDU                                   PET (PFb/PFc)

F22                                           Polyurethane

Invisalign                                 SmartTrack (multi-layer aromatic thermoplastic polyurethane)

MaxFlex                                   TPU

Nuvola                                     Polyethylene terephthalate glycol (PET-G)

Spark                                        Trugen (multi-layer polyurethane)

Clarity                                      Rigid material Proprietary 5-layer copolymer
                                                 Blend

Clear Correct                           Polypropylene/ethylene copolymer


Table 1. Materials used in clear aligners [25]
                         

Biomechanics of Clear aligners

Both a retention mechanism and an activation mechanism for moving the teeth are provided by the plastic that encircles the tooth in the aligner. Teeth shift due to elastic deformation of the aligner material, but retention is guaranteed by the undercuts of the teeth and the tight fit of the aligner. Tooth movement within the 0.2 to 0.5 mm range is made possible by the elastic deformation of the aligner. The aligners are made one after the other to accomplish the required tooth movement. To enable vertical movement while maintaining the tooth's position, the aligner extends inside the plastic matrix. These movements must be divided into minuscule stages and are perceived as difficult because the plastic used in aligners is not very flexible. Aligners move teeth in this basic manner; many other movements are thought to be unanticipated. Among these difficult motions are torque control, root parallelism, rotations, and extrusions.[26] 

Attachments can be utilized to improve or assist particular tooth movements in addition to helping the aligner stay in place. "Difficult movements" call for a more complex method of attachment design based on biomechanical principles. This method consists of three components: virtual modeling, in vitro testing, and clinical evaluation of the final designs. (Table 2).







Table 2. Composite attachment placement for various tooth movements [27]


Tooth             Movement                        Attachment Type                             Attachment in Orthodontic                                                                                                    
                                                                    and Position                                            CAD Software


Upper            Retrusion/                         Conventional, rectangular                    
incisors          intrusion/extrusion            beveled, horizontal attachments
                                                               Preferably placed on the 
                                                               palatal surface and with auxiliary
[image: ][image: ]                                                               attachment on the posterior teeth





Upper           Diastema closure           Double contrary, sassy 
[image: ]Incisors                                               attachments on the labial
                                                           surfaces of the central incisor


Lower           Intrusion/extrusion        Conventional, rectangular
Incisors                                              beveled, horizontal
                                                          attachments, preferably
                                                    placed on the palatal surface
                                                    and with an auxiliary attachment
[image: ][image: ]                                                          on the posterior teeth


Lower              Tipping                             Conventional, rectangular 
Incisors                                                     vertical attachments,
                                                           preferably placed on the
[image: ]                                                                 palatal surface
 


Canine          Intrusion/Extrusion       Optimized, one-side-beveled                       
[image: ]                                                           attachment                             



Canine           Distalization               Two ellipsoid sassy optimized
                                                         attachment or beveled angled
                                                         single optimized attachment
                                                         preferably placed together
                                                         with conventional vertical
[image: ]                                                         attachments on adjacent teeth


[bookmark: _Hlk191299152]Canine           Rotation           Conventional Ellipsoid                             
                                               one-side-beveled attachment
                                               on the lingual surface of the
[image: ]                                               tooth/Conventional vertical
                                           beveled attachments on the
                                                lingual and buccal surfaces of
                                                the tooth



[image: ][image: ]
Premolar         Rotation                  Vertical rectangular  
                                                       Attachments/optimized
                                                       Vertical attachments


Molar          Intrusion/Extrusion       Two conventional vertical
                                                        attachments—one on the
                                                        palatal surface, one on the
                                                        buccal surface/optimized
[image: ][image: ]                                                        vertical attachments






Molar        Rotation                    Three vertical 3 mm 
                                                   attachments placed on the                                 
                                                   buccal surfaces of the teeth to
[image: ]                                                   be rotated, and the adjacent  


Molar         Mesialisation            Optimized horizontal attachments.                   
[image: ]






    



Molar           Distalization               Preferably, conventional 3 mm 
                                                      vertical or optimized
                                                      attachment on the second                
                                                      molar placed together with
                                                      conventional vertical
                                                      attachments from the canine
[image: ]                                                      to the second molar
[image: ]



Molar        Distalization /Distorotation     Vertical 3mm attachment
                                                                 [image: ]
placed on the buccal surface 


Molar     Uprighting                 Horizontal 3mm attachment                           
                                               located on the buccal surface
                                               at an angle of 450

[image: ]



Limitations

· There are certain disadvantages to the method, and not all teeth realignment situations require clear aligner therapy (CAT).[28] In cases when significant crowding or spacing issues necessitate extractions, CAT is not recommended. 
· Furthermore, even if the results for anterior crossbites are encouraging, some bite problems might be too complex for CAT to manage well. Similar to this, CAT is unlikely to be effective if the patient has complex skeletal issues, jaw abnormalities, or teeth that need to be moved widely in multiple directions.
· In patients with unmanaged decay, gingival disease, or active periodontal disease, CAT may not be appropriate.
· CAT may be contraindicated if the patient has uncontrolled decay, gingival disease, or active periodontal disease. 
· The difficulty in achieving significant tooth movements is another limitation, which is one of the main reasons CAT is contraindicated in cases of complex dental problems. In these cases, bite problems may require orthodontic treatments that are specifically focused on treating them, such as traditional braces or jaw surgery. Additionally, any realignment of the teeth will not address the bite problem if the dental problems are caused by something other than the teeth, such as the jaw joints.
· One of the primary reasons CAT is not advised for complex dental problems is its incapacity to generate discernible tooth motions. In certain cases, orthodontic treatments that focus on bite disorders—such as traditional braces or jaw surgery—may be necessary to adequately address these issues. Additionally, it is important to keep in mind that if a bite problem starts elsewhere, as in the jaw joints, no amount of tooth realignment will resolve it.
· Finally, the cost of clear aligner therapy may be higher than that of traditional fixed orthodontic therapy. This is especially true in more complex cases where achieving the desired results may require multiple sets of aligners. Furthermore, CAT would not always be suitable for children or individuals with developmental disorders since they might not provide the stability and control necessary for good tooth and jaw growth. In these circumstances, traditional braces or other orthodontic procedures can be more appropriate.[29]



A combination of disclosed data from Align Technology and ClearCorrect, two of the bigger aligner manufacturing businesses, was used to create Table 3 below. More than 3 million patients have been treated with Align Technology's Invisalign appliances, more than any other clear aligner device to date. In more than 80,000 orthodontic cases, ClearCorrect has been employed.[30]



TOOTH MOVEMENT                                             PREDICTABILITY WITH ALIGNERS 
                                                                                                
                                                                            
                                                                                                     
                                                                            Predictable                    Moderate                   Difficult                                                                                      

· Crowding or spacing up to 6mm                        6-8mm                    >8mm
               per arch
· Midline discrepancy up to 2mm                        2-3mm                        >3mm  
· Central incisor rotation                                      Up to 40°                      40-50°                         >50° 
· Lateral incisor rotation                                       Up to 30°                      30-40°                         >40°
· Canine and premolar                                          Up to 45°                      45-55°                         >55° 
              rotation
· Molar rotation                                                     Up to 20°                     20-30°                         >30°
· Anterior extrusion per arch: Up to 2.5mm         2.5-3mm                     >3mm 
· Anterior intrusion per arch                                  Up to 0.5mm                0.5-1mm                     >1mm
· Posterior intrusion per arch                                 Up to 0.5mm                0.5-1mm                     >1mm
· Posterior extrusion per arch                                  0mm                           0.5mm                         >0.5mm
· Expansion per quadrant                                       Up to 2mm                  2-3mm                         >3mm
· Anteroposterior correction                                   Up to 2mm                  2-4mm                         >4mm
· [bookmark: _Hlk191907488]Incisor lingual root torque                                    0-10°                           10-15°                          >15°
· Posterior tooth lingual                                          0-5°                             5-10°                            >10°
              root torque
· Posterior tooth distal                                            0-2mm                         2-4mm                         >4mm
              movement (maxilla)
· Posterior tooth mesial                                           0-1mm                        1-2mm                         >2mm
              movement


Table 3: The synthesis of the data collected from two of the larger aligner manufacturing companies, Align Technology and ClearCorrect [31]


Conclusion

Clear aligner therapy is a modern orthodontic technique that has gained popularity recently because of its simplicity, convenience, and almost unnoticeable appearance. The biomechanics of clear aligner therapy involves providing a gentle, controlled force on the teeth using a series of specially made, clear plastic aligners. This force gradually moves the teeth into the proper position to address a number of issues, including mild to moderate crowding or spacing, straightening rotated or pointed teeth, filling in gaps between teeth, and aligning the anterior teeth. Clear aligner therapy can be an excellent alternative to traditional braces or other orthodontic procedures, with an 80–90% success rate for mild to moderate tooth motions. It might not be the greatest option for more complex orthodontic cases, such as significant crowding or spacing irregularities, complex bite problems, or noticeable jaw discrepancies. When deciding between fixed braces and clear aligner therapy, patients should consider their unique orthodontic needs and preferences in addition to the guidance and expertise of their orthodontist. In summary, patients can achieve a straighter, more attractive smile with clear aligner therapy, a safe, effective, and practical orthodontic treatment option. Accelerated orthodontics has been receiving increased interest in the global orthodontic community recently, but the knowledge and practice of it is still very limited among orthodontists and orthodontic patients [32] The future of clear aligner therapy is promising due to ongoing technological developments and increasing amount of research demonstrating its efficacy. While fixed braces may be a better option for people with more complex orthodontic needs or who want a more predictable treatment outcome, clear aligners may be more appealing to people who value comfort, convenience, and discretion.
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