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Manufacture and use of In-house clear aligners using digital technology

Choon Gwack

Barunee Orthodontic office

With the development of digital technology, in-house manufacturing of clear aligners is increasing. As a
result, it has become possible to create more elaborate and precise aligners compared to the manual manufactur-
ing method. In addition, along with the technology to print clear aligners directly from a 3D printer, a material
with completely different properties were also created. Since this new material with shape memory properties
is created through a chemical reaction into the aligners with properties appropriate for tooth movement, only
through the right processes and procedures can a safe aligner without harmful effects and excellent properties
be completed. Thanks to the unique properties of this aligners, there is a possibility of overcoming the limita-
tions of existing clear aligners. The author explained the process of manufacturing a clear aligners using digital
technology in your clinic, and summarized the things you need to know when manufacturing a new aligners

using shape memory polymer.

Key words : clear aligner, direct aligner, shape memory aligner, 3D print, PETG, thermoforming, in-house aligner

Corresponding Author
Choon Gwack, DDS, MSD, PhD

Barunee Orthodontic office, 7F, 58, Garak-ro, Gimhae-si, Gyeongsangnam-do, 50921, Korea

Tel : 82-55-335-2862 / Fax : 82-55-335-2865 / E-mail : drgwack@naver.com

CHSHRITIArRSIX| K62 Al52 2024 | 329



Korean Dental Association

Olapy

Aiis ezt sy
LAZ A7} i) B mge] 49 Sefalehen B
o

P Azade S 5 S A 0= Hof 4
18417191 A12FE WX =7} 204171 S04 2ol gtk
A st 25| FHE 2571 AR 1001E0]

o X|okg gAjo]7] Sfat T L F

Y 759

& EL 18 AARRE BHET 2047 2o 4 L BE

al4go] 94at SR MARA 7L Aelo] At AL

S heE T Qe SRTARAE e BN WA SR Aol ohe) Al nA
]33k o] 2 Kol ghom] AN ) Bkt 2

2 A2 4 glold SPTlolE Selsthe A 1, TSR0 X1 MRy

ol Qlk. T} B A Aol Be] B

b gaolm, Aol et & AMgStelekE LAV QUHoE SRRARNE TR YL sk
L 71E N S0 A4 Ak FeEA AP, X LA Aok mge] Aol /s gl

T M2E SALE AP S ol 83t R TR AER dEE 7 Hof vies Aol 1

Figure. 1. Traditional setup process using a plaster model(Courtesy of Bae, G.S.).

330 | CHERIZtOIARRSIR| K62 KI6S 2024



=l s
08 Tds] et Aoke 49719 w2 €3
Y= AL & S A== AarsHA| ag=ofor ot

ofu} Xjo} o5& £75] 2449] <3} 0] LA
2 ol5a7] ], Age] WE et Fud ol
A7} oL o5 SR ofgith wep
BRS o50] WAt A9ete 7 v olsae o
A7) 24517] oA 1A Aol B Alzto] 4
Rk o] 44 2 ofelgd Ao= oA,

2.3D TRIE) DS 0|3+ AIE FA 1

A Zlee] BHOR Qs 74 A E B
9 270 52 AL Gl Xt o] itk 1
23}, 43 Bgo] obd 3349 AR Folql i
Y 2o AUS T 4 A Hgic 43 5 FoA
F2 ol §314 Xohg Refsh 3ol HAY 2
2 0] Ao AF0 o] Folalet. o] W

AR 713e] 33 32t 1 2% Zeotaat o
fIxJol| ZJokE 7HA T 4L, B A 9] o] 5= A
s, S o] FRAR] Z]O} o5 Wgohk=
5ol AR Ao &2 /g Eth= Aoltt. o719
tfsf 2|5 42| = sA1e] 2| mA g0 Wt v
AsiA 1 A BlwsEa nhEo] B A A

E5}7| & Hth= o] Slck

of7]o] AGElR= AZEol= AlS ofF] Al
A whafEQl RIS FASiA W AREl A

A|sto] ARgSk= "ol Utk Maestro 3D Ortho
Studio(AGE Solutions S.r.l. Pisa, Italia)tt 3 Shape
Ortho Analyzer(3 Shape, Copenhagen, Denmark)
5°] 1Z1°]tHFig. 3).

OJREZ dfQ] AZt ALEojo]w = AL A
ZEJoj2+= DIORCO(Seoul, Korea)?] Q2EZ?I
(Autolign)o] ATHFig. 4).

AFE ol AAIsHA] kot oA AdPE= Sure
Smile(DENTSPLY SIRONA, Charlotte, NC, USA) T
+ DentOne(DIORCO Co, Seoul, Korea)°|gh= A
H|AE 9»1‘4

ARLe] Erg g gA] AE IS ARl e d
gotH ‘;}—ﬁr Zoh = AR AL Eo] Q EEQl
< O]‘%"]‘ME]'.

olr
_g
JQ

9]

I,

[©)

ChetR|ZtolArESIX| RI62H A5S 2024 | 331

Iy iz lBlyx

i

o

=)
utor
ot

1



Korean Dental Association

i

#

rok
Jm

o 3)

Figure. 3. Maestro 3D Ortho Studio(AGE Solutions Sr.l. Pisa, Italia) and 3 Shape Ortho Analyzer(3 Shape,
Copenhagen, Denmark).

Figure. 4. Autolign(DIORCO, Seoul, Korea).
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Figure. 5. A Virtual base was created by loading scan data in Autolign.
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Figure. 6. Auto-segmentation.

Figure. 7. Setting the axis of teeth and FA points.

Figure. 8. Setting of the occlusal plane and the line of occlusion.

Figure. 9. After automatic alignment, the position of the teeth is precisely adjusted manually.
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Figure. 11. Final stl files of all steps.
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Figure. 12. 3D printer of Cubicon and slicer software.
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Figure. 13. Place the incisors on the slicer so that they are close to vertical.

336 | LHStRITOIAEEIR| 627 K5E 2024




Figure. 14. To prevent deformation due to the heat of the thermoforming machine, the outer wall of the model(o)

is printed thicker than the diagnostic model(a).
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Figure. 16. Watermelon seed effect and the resulting incorrect force direction.

Figure. 17. Various attachments that can be seen in Invisalign's ClinCheck.
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Figure. 18. The process in the red line of the thermoforming method is omitted, and the 3D printer directly
prints the clear aligners. Additional post-processing steps within the blue line are required.
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Figure. 19. Create a base from scan data.

Figure. 20. Separate the tooth from the base by marking the mesiodistal point.
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Figure. 21. Adjust the axis of the teeth.
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Figure. 22. You can move teeth using a 3D controller and compare the initial position and the moved teeth.

Figure. 23. Add attachments and labels and draw the outline of the aligners.
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Figure. 25. After the 3D printer has finished printing, carefully separate the aligners from the build platform.
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Figure. 26. Molecular structure of PETG (http://www.ecoplastindustry.com, https://steervibes.com)
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Amorphous thermoplastic polymers creep (PETG)

Relieve
stress

Stress

UV cured cross-linked polymer network (Graphy Inc.)

Relieve
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Figure. 28. Comparison of molecular structures between PETG and polyurethane polymer.?

Table 1. Comparison of physical properties of various clear aligner materials

Graphy (TC-85DAC) PETG Zen*¥x |nyigkHkes
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ination Complex halate terephthalate P
Elongation at br 40~80% 5359
eak
E-Module 2500~2600 MPa. 2020 Mpa. 2275 Mpa. 2300 Mpa.
Tensile strength 46~75 MPa 45MPa 69MPa 63MPa
o 0.14% 24hrs at 23° .
Humidity absorp 0.12% 24hrs at 23° C/mm? 0.2% 24hrs3at 23 C/mm? 0.13% 24hrs3 at 23
tion C/mm C/mm
Memory Shape OK X X X
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Figure. 29. DMA Temperature sweep; (a) Storage and loss modulus of TC-85; (b) Storage and loss modulus of PETG;
(c) Loss tangent of TC-85; (d) Loss tangent of PETG.2)
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Thermoplastic (PETG, TPU)

SMP(Shape Memory Polymer)

Stress

Optimal stress range

Stress
Strain

VS.

Strain

Shape recovery in human temp
1~2 weeks
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Figure. 30. Stress change over time for PETG and SMA.

Figure. 31. Different thicknesses can be given to each part of SMA.
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Figure. 32. SMA fits tooth surface almost perfectly.
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Started putting SMA (Shape Memory Aligners) that was at
room temperature into the mouth

When placed or consumed in warm water*, it gradually
regains its original shape. (*42°C~55°C=107.6°F~131°F)

Gradually covering all the undercut areas at oral temperature, SMA
firmly and accurately holds the teeth.

Figure. 33. Morphological changes of SMA with time and temperature.
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Thermoforming Shape Memory
aligners Aligners

Figure. 34. It is difficult for the thermoforming aligners to achieve complete contact with the attachments.

—Z QLM‘

Figure. 35. Variants that can be added during the SMA design process.

Figure. 36. Waste discarded after device manufacturing.
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