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Effect of Adhesion Conditions on the Shear Bond 

Strength of 3D Printing Resins after Thermocycling 
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A15. 2023 (Dr. Werner 

Schupp’s case report in process) 

Shape Memory Aligner – A new dimension in 

Aligner Orthodontics
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of ultraviolet curing on the dimensional 
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orthodontic clear aligner design

B2. 2021

In Vitro Response of Anterior Teeth 

to Clear Aligners Programmed with 
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B3. 2021, Materials
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and Future Possibilities

B4. 2021, JTD

Observation of surface roughness on 

three types of resin based on grinding 

time of dental automatic barrel finishing
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case report

B6. 2021, Orthod
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Comparative analysis of 

mechanical properties of 

orthodontic aligners
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Digital Workflow for Homemade 
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B10. 2023, Scientific Reports

Comparison of thickness, gap width and 

translucency for 3D-printed and thermoformed 

clear aligners - A micro-CT analysis

B11. 2023, JPD (TC-80)

Effect of cement space setting on the marginal 

and internal fit of 3D-printed definitive resin 

crowns

B9. 2022, AJO-DO Clinical 
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Emerging insights and new developments in 

clear aligner therapy (CAT): A review of the 

literature



Biocompatibility
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Publications

A3. 2021, EJO 

In-house 3D-printed aligners: effect of 

in vivo ageing on mechanical 

properties

“One week of intraoral service does not seem to 
significantly change the mechanical properties of an in-

house 3D-printed orthodontic aligner.”
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Publications

A5. 2022, AJO-DO

Cytotoxicity and estrogenicity of a 

novel 3-dimensional printed orthodontic 

aligner

“…these were not found to be cytotoxic for for human gingival 
fibroblasts and did not affect their intracellular ROS levels. 

Moreover, no estrogenic effects of these putative eluates were 
observed on the basis of an E-screen assay.”



Shape Memory 
(Force Delivery)
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A4. 2022, Scientific Reports

Thermo-Mechanical Properties of 3D 

Printed Photocurable Shape Memory 

Resin for Transparent Orthodontic 

Aligners
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Publications

A9. 2023, Bioactive Materials

Advances in orthodontic clear aligner 

materials

stress-strain curves of different orthodontic materials 
(relative comparison)

• SS, stainless steel. 
• Beta-Ti, Beta titanuim
• Niti, Nickel titanium
• Essix, clear retainer material
• PETG, polyethylene terephthalate glycol  (thermoplastic 

aligner material)
• TC-85, photocurable resin (3D-printed aligner material)

“there is no other 3D printable 
material currently available 

commercially that meets the 
standard of biocompatibility, 
translucency, and appropriate 

mechanical properties”  



Accuracy Fit
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Publications

A7. 2022, KJO

Comparison of dimensional 

accuracy between direct-printed 

and thermoformed aligners

Modified Bland-Altman plots of landmark measurements for all samples (Zendura FLX, Esix ACE, Graphy TC-85)

“This study showed greater trueness and precision of 
direct-printed aligners than thermoformed aligners.”

Heatmaps of Essix ACE, Zendura FLX, and Graphy TC-85
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Publications

A10. 2022, Progress in 

Orthodontics

Force profile assessment of direct-printed 

aligners versus thermoformed aligners and the 

effects of non-engaged surface patterns

“Direct-printed aligners can deliver 
biologically compatible forces for 
orthodontic tooth movement… “



Workflow 
(Processing Advantages) 
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Publications

A6. 2022, Children

Three-Dimensional-Printed 

Customized Orthodontic and 

Pedodontic Appliances: A Critical 

Review of a New Era for Treatment

“TC-85 (Graphy, Seoul, Korea), which can constantly apply a 
light force to the teeth when used for the 3D printed clear 
aligners, owing to its flexibility and viscoelastic properties. 

In addition, the expected force decay induced by repeated 
insertion of the clear aligners is reduced and a constant 

orthodontic force can be maintained. 

Furthermore, its geometric stability at high temperatures 
and its shape memory properties provide advantages for 

clinical application [13–15]. (Figure 8). “
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Publications

A11. 2023, Seminars in Orthodontics

3D printed aligners: Material science, workflow and 

clinical applications
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Publications

A12. 2023, TJO

Directly Printed Aligner : Aligning with the 

Future
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Publications

B1. 2020, AJO-DO

Effect of print orientation and duration 

of ultraviolet curing on the dimensional 

accuracy of a 3-dimensionally printed 

orthodontic clear aligner design

“The overall dimensional accuracy 
of the 3D-printed aligners at the 
3 orientations investigated fell 
within the clinical tolerances. 

…
Increased curing duration did not 

have a statistically significant 
effect on the dimensional 
accuracy of the 3D-printed 

aligners.”
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Publications

B3. 2021, Materials

Direct 3D Printing of Clear 

Orthodontic Aligners Current State 

and Future Possibilities

IF(2023) : 3.748
Citations : 70
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Publications

B7. 2021
Digital Workflow for Homemade 

Aligner

“Graphy’s Tera Harz has obtained CE, FDA, and KFDA medical device 
certification…The clear Tera Harz resin is fully transparent and 

has high durability agreed with orthodontic treatment device purposes.”
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Publications

B9. 2022, AJO-DO Clinical 

Companion

Emerging insights and new developments in 

clear aligner therapy (CAT): A review of the 

literature

“Future directions of 3D printing”

“Korean photopolymer company Graphy Inc has recently developed a 
biocompatible aligner material, Tera Harz TC-85, for direct 3D printing of 
aligners. 

… has enhanced strength, elasticity, and shape memory properties. 

… is positioned to be the world’s first commercially available integrated 
solution for printing aligners with enhanced accuracy and surface quality, 
and to overcome the current limitations of thermoformed aligners. 

….Direct 3D printing of aligners will considerable increase the efficiency 
of the production process and decrease the environmental impact of 
clear aligner production. 

Additional advantages may include manufacturing with smooth edges, 
negating the need for trimming or polishing, and digital elimination of 
undercuts. 

Higher precision improves fit and effectiveness and provides for 
customizable intra-aligner thickness.” 



Comparative Analysis
(Crown & Bridge Materials) 
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Publications

A8. 2022, Children (TC-80)

Novel 3D Printed Resin Crowns for 

Primary Molars - In Vitro Study of Fracture 

Resistance, Biaxial Flexural Strength, and 

Dynamic Mechanical Analysis

Figure 4. Mean biaxial flexural strength (MPa) 
of the various experimental groups.

Figure 6. Weibull survival probability based on biaxial 
flexural strength (BFS) for thicknesses 0.4, 0.7, and 1.0 mm 

for Graphy and NextDent materials.

“3D printed resin crowns could be a new 
alternative to restoring primary molars while 

satisfying the need for esthetics.”
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Publications

A13. 2023, Polymers (TC-80)

Effect of Adhesion Conditions on the Shear 

Bond Strength of 3D Printing Resins after 

Thermocycling Used for Definitive Prosthesis

“Graphy resin showed high adhesive stability 
after thermocycling, whereas Formlabs resin 

showed a considerable decrease in shear bond 
strength after thermocycling.”

SBS after thermocycling SBS before thermocycling
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Publications

A14. 2023, Dental Materials (TC-80)

Effect of airborne particle abrasion treatment of two 

types of 3D-printing resin materials for permanent 

restoration materials on flexural strength

Graphy TC-80 shows flexural 
strength of 145MPa and 

maintains flexural strength 
higher than 120MPa even after 

airbone particle surface 
abrasiton treatment and 

accelerated aging. 

Formlab Permanent Crown A2 
shows flexural strength of 
134MPa immediately after 
printing, then decreases to 

70MPa after surface treatment 
and thermocycling.


