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Mechanical and biological properties of current materials of clear aligner
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With the development of new materials related to clear aligners, the physical properties are improving, and
the clinical performance of the devices is expected to improve. Clear aligners require constant, controlled force
on the teeth to achieve the desired tooth movement. However, unlike superelastic wires for orthodontic treat-
ment, clear aligner materials are characterized by significant short-term or long-term stress relaxation after
installation of the device. In addition, clear aligners are a complex manufacturing process that requires creating
a tooth model and trimming the aligners, and various degrees of shrinkage and expansion may occur during the
thermoforming process or direct printing of device. These changes can affect the thickness or fit of each tooth
area and make it difficult to achieve the clinical treatment goals of clear aligner.

Recently, multi-layered clear orthodontic products with improved physical properties have been introduced
to increase the predictability of aligner treatment, and with the recent introduction of direct printing materials,
innovative manufacturing methods for clear orthodontic devices have become possible. As shape memory prop-
erties have been reported among direct printing materials, interest in related materials is increasing. In this issue,
we will introduce the latest materials related to clear aligners and explain the physical and biological properties
that clinicians need to know for proper use.
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Table 1. Classification of current materials of clear aligner

Type Sub-type Aligner/ Manufacturer Material composition
Resin Name
Thermoplastic
Single layer  Hardcast Scheu-Dental, Iserlohn, Germany Polypropylene
Single layer  Exceed30 Align Technology, Inc., San Jose, CA,  PU*
(EX30) USA
Single layer  F22 Aligner Sweden & Martina, Due Carrare, PU
Padova, Italy
Single layer ~ Clear Aligner ~ SCHEU-DENTAL GmbH, Iserlohn, PU
Germany
Single layer ~ Duran Scheu-Dental, Iserlohn, Germany PETG'
Single layer  Duran Plus Scheu-Dental, Iserlohn, Germany PETG
Single layer  Erkodur Erkodent Erich Kopp GmbH, Germany ~ PETG
Single layer  SureSmile Dentsply-Sirona, Sarasota, FL, USA Essix Plastic: Plus, C plus,
polypropylene/ethylene copolymer
Multi-layer  Spark Clear Ormco Corporation, Orange, CA, USA  TruGEN and TruGEN XR Material,
Aligners multi-layer PU
Multi-layer  DuranSoft Scheu-Dental, Iserlohn, Germany TPU*/PC
Multi-layer ~ Erkoloc=Pro  Erkodent, Pfalzgrafenweiler, Germany ~ PETG/TPU
Multi-layer ~ CA pro Scheu-Dental, Iserlohn, Germany Copolyester and thermoplastic
elastomer
Multi-layer ~ SmartTrack Align Technology, Inc., San Jose, CA,  aromatic thermoplastic PU/copolyester
(LD30) USA
Multi-layer ~ Zendura FLX  Bay Materials, Fremont, CA, USA PU/polyester
Multi-layer ~ Magic Foil Osstem, Seoul, Korea PU
Multi-layer ~ Flexera Plus+  Kwang Myung DAICOM, Seoul, Korea  TPU/Copolyester
Shape ClearX Sheet  Kline-Europe GmbH, Disseldorf, thermo-responsive shape memory PU
memory Germany
3D printed
aligner
Shape Tera Harz Graphy, Seoul, Korea photoreactive PU
memory TC-85
Shape ClearX v.1.1 Kline- Europe, Dusseldorf, Germany  thermo-responsive shape memory PU
memory
Non-shape  Dental LT Formlabs, Somerville, Mass, USA monomer is based on the acrylic ester
memory Clear

*PU = polyurethane, TPETG = polyethylene terephthalate glycol, “TPU = thermoplastic polyurethane
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Figure 1. Bar chart demonstration of the descriptive data for Martens hardness (HM) and indentation modulus (EIT) of different

clear aligner's materials.

The left parts of the two panels in front of the dotted line show HM and EIT values for three different PETG-based
aligners(Essix A+ and Essix ACE, Dentsply Raintree Essix Sarasota, FL, USA and Clear Aligner) and Invisalign (the
original study does not mention specific model information). The right parts of the panels show the HM and EIT
values for Duran+, SmartTrack and a 3D directly printed aligner(Tera Harz TC-85 DAC). These data have been re~
organized based on previously published research®”. The results are influenced by various experimental conditions,
aligner thickness and other factors, and are intended for a simple demonstration only.
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Figure 2. Thickness deviation from the designed thickness after thermoforming or post-curing process of aligners. The left
section in front of the first dotted line displays the thickness deviation of single-layer thermoformed aligners from
the stated thickness while the middle section shows the thickness deviation of multi-layer thermoformed aligners.
The right section behind the second dotted line displays the thickness deviation of 3D directly printed aligners from
the designed thickness after the post-curing process. A positive value indicates that the final thickness is greater
than the designed thickness, while a negative value indicates a reduction in thickness. These data have been cal-
culated and reorganized based on previously published research'™
design thickness, as well as different measurement methods and locations. This figure is intended for a simple

demonstration only.
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Figure 3. Microphotographs showing the thickness and gap width. (A) anterior teeth (e.g., the central incisor); (B)
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Figure 4. Graphical representation of the normalized stress relaxation of different thermoformed aligners according to dif-
ferent test environments and aligners with different numbers of layers. The short curves within 3h represent the
normalized stress relaxation of two PETG-based aligners (Duran and Erkodur). The solid line represents the test
measurements taken within a 37°C water bath, while the dotted line represents the measurements taken in an
ambient atmospheric environment. The long curves, lasting up to 24h, represent the normalized stress relaxation
of two single-layer aligners(Duran and F22 aligner) and two multi-layer aligners (DuranSoft and Erkoloc Pro). These
data have been reorganized based on previously published research??®. The results may be influenced by the
original design thickness, as well as different analysis methods and other factors. This figure is intended for simple
demonstration purposes only.
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Figure 5. Bar chart of shape recovery percentage at different temperatures for different aligner materials. The
bar chart represents the shape recovery percentage of four different aligner materials(CA Pro, Zendura
A, Zendura FLX, and TC-85) at three different test temperatures(30°C, 37°C, and 45°C). The higher
value represents more shape recovery to the initial shape. The data is reorganized based on previously
published research data, and the results may be influenced by the original design thickness, as well as
different experimental methods®?. This figure is only for a simple demonstration.
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