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Summary

Objective: To Investigate alterations in the mechanical properties of in-house three dimensional
{3D) printed orthodontic aligners after intraoral ageing

Matarials and methods: Sixteen 3D-printed aligners (TC-85DAC rasin, Graphy, Seoul, Koraa)
were used for the purpose of the study, which were divided into 10 control (nat used) aligners
and 6 materials retrieved from 4 patients after 1-waek service (retrieved group). Samples from
the control group were analysed by attenuated total reflectance-Fouriertransform infrared (ATR.

FTIR) spectroscopy. Samples from controliratrieved groups were embadded resin and subjectod
1o instrumanted indentation testing {IIT) to record force-indentation dapth curves, calculating the
following (as per ISO 14577-1, 2002 standard): Martens hardness (HM), indentation modulus (),
and elastic index (1), and the indentation relaxation Index (R, ). Differences betwsen control and
retrieved 3D-printed aligners were checked with Mann-Whitney/-tests ot an alpha = 5%

Results: ATR.FTIR analysis showed that aligners wora made of a vinyl ester-urathane material.
The results of the IIT testing ware: HM (control: median 915 Nimm, interquartile range (10R) 88,0

93.0/as-retrieved: median 90.5 Nimm’, IOR 89.0-93.0); £, (control, mean 2616.3 MPa, standard
deviation [SD] 1070 MPalretrieved, mean 2673.2 MPa, SD 149.4 MPa); v, {control: median 28.6%,
1R 28.2-30.9%as-rotrieved: median 29.0%, IR 28.7-29.2%; and R, (control: modian 45.5%, IOR
43.0-470%as-rotrleved: modian 45.1%, IOR 45.0-45.3%). No differonces betwoen as-rotrieved and
cantrol aligners were found for any of the mechanical properties tested (P> 0.05 in all instances).
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Summary

Objective: To Investigate alterations in the mechanical properties of in-house three dimensional
{3D) printed orthodontic aligners after intraoral ageing

Matarials and methods: Sixteen 3D-printed aligners (TC-85DAC resin, Graphy, Seoul, Korea)
were used for the purpose of the study, which were divided into 10 control (nat used) aligners
and 6 materials retrieved from 4 patients after 1-waek service (retrieved group). Samples from
the control group were snalysed by sttenuated total reflectanceFourier-transform infrared (ATR
FTIR) spectroscopy. Samples from controliratrieved groups were embadded resin and subjectod
1o instrumanted indentation testing (I} to record forca-indentation depth curves, calculating the
following (as per ISO 14577-1, 2002 standard): Martens hardness (HM), indentation modulus (),
and lastic index () and the indantation relaxation indox (. Differences betwoen control and

an alpha = 5%
Results: ATRFTIR analysis showed that .:Immni wora mado of a vinyl ester- no material.
wlts of the IIT testing were: HM (control: madian 915 N/mm, interquartile range [I0A] 88.0-
,0/as-retrieved: median 80.5 Nimm’, IQR 89.0-93.0); &, (control, mean 2616.3 MPa, standard
deviation [SD] 107.0 MPalretrieved, mean 2673.2 MPa, SD 149.4 MPa); 1, (control: median 28.6%,
1QR 28.2-30,9%as-ratrieved: median 20.0%, IOR 28,7-29.2%); and R, (control: median 45.5%, IR

43.0-470%as-rotrleved: modian 45.1%, IOR 45.0-45.3%). No differonces betwoen as-rotrieved and
control aligners wer found for any of the mechanical properties tested (P> 0.05 in il instances).
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Cytotoxicity and estrogenicity of a novel
3-dimensional printed orthodontic
aligner

Harris Pratsinis,” Swﬂdon N. Papageorgiou,” Nearchos Panayi,® Anna lliadi,” Theodore Eliades,”

and Dimitris Kletsas™
Athens, Greece, Zurich, Switzerland, and Limassol, Cyprus

Introduction: Orthodontic aigners printed with in-office 3-dimensional (3D) procedures have been described,
but no data on their biocompativility exist. This study investigates the cytotoxicity and estrogenicity of a
3D-printed orthodontic aligner by assessing ts mcu and bohavioral ofcts. Methods: Ten set of | type

aligner

MTT (344

MCE-7 and

call lines. 17(Estraciol and bisphenol-A were used as positive controls. The statistical anyygs of data was
performed with generalized near models at a 0.05 level of significance. Results: No signs

ware seen for the aligner samples for concentrations (v) of 20% (P = 0.32), 10% (P = o.m or 5%
(P = 0.76). The antioxidant activity expressed as the capacity 10 reduce intracellular levels of reactive oxygen
species was no! affected in the aligner samples (P = 0.08). No signficant estrogenicity was Induced by

the aligner samples compared with eluents from the

negative control for both MCF-7 (P = 0.65) and

MDA-MB-231 (P = 0.78). As expected, 17j-Estradiol and bisphenol-A sl'rlulnlud MCF-7 cell proferation,
In conclusion,

whereas no effect was observed on MDA-MB-231 celis. Conclusions:

i any factors were

released during the 14-day aging of 3D-printed aligners in water. these were not found to be cytotoxic for
human gingival fibroblasts and did ot affect their intracellular reactive oxygen species levels. Moreover. no
estrogenic effects of these putalive eluates were observed based on an E-screen assay. (Am J Orthod
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malocclusions  with  aligners  has  become

increasingly popular in recent years, partly
because of the Increased demand for treatment by adult
patients and intense adverlisement o patients.
However, evidence about the objectively measured
dinical performance of aligners compared with fixed
appliances remains undlear.

Al the same time, orthodontic treatment with clear
aligners involving the use of multiple, often bulky,
composite resin attachments to enhance the aligners”
cal performance has introduced several issues
pertaining to alterations of the tooth structure or optical
properties,”' alterations of the aligners’ material
propertics,'"" ' and alterations of the bonded Tesin
attachments,'*'* At the same time, intraoral aging of
orthodontic materials affects their structural integrity
and several material propertics, like hydrolytic stability
and plasticization,"" which might result in component
molecules being released intracrally, with bisphenol-A
(BPA) being mostly discussed.

Onhodomic treatment of a large spectrum of
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E children (b1
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Three-Dimensional-Printed Customized Orthodontic and Pe-
dodontic Appliances: A Critical Review of a New Era

for Treatment
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Thasealonki 54124 Greece

At 11527, Greece; otiragizara il com.

e e dniete
e e v, et e, T
= - : gm0 o

. P soerty Afhen 15777, Greece

Abstract
CAD softwars, and 3D man-
Customized appk purpose CAD soft-
s aBoys, o zirconia. Methods:
included ith MeSH terms in
Teoakis, A1; Panayh, N. Theo- Medline, Scopus, and Coch up to fume 2022 in the English without any Limit
iod Results: Acconding o our search, 12 study.

Conclusions:
N Erafor Trestment. b Customized ppli: cxding to the
(Chlven 223, 9,17. barpel e e e

Acsdemic Edior: Chisrel Sorza

Foceivd: 23 june 2022
Aceepuec 21 July 2022
Publihect 23 July 22
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ok it el 1o prdidiomd. In the last century, significant advancements have been introduced into our dadly

e i blsboc mape e i -
P Tives. computers, and software are same parts of this evo-
Iution. Unavoidably, this change has affected medicine and dentistry, mainly in the as-
m pects of diagnosts and treatment. In the last few years, advancements in 3D technalogy
7 ) D) desions . e

Copight: by the uthom. Lianae B¢ appliances [1]. Traditionally, almost all erthodentic appliances were designed and
MDPL e, ezl Thi are in the envizenment of an arthodontic Laboratory. Dental arch impressions
o5 3 cpen aco arick b Wer taken and sent to the lab, where dental casts were poured using plaster. Depending

the kind i bemads, acrylic, orthodentic ires, bands, solder-
sitheCrstve Commons Atribatcn.  ing materials, premanufactured appliances parts, and wax were used. The appliances
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Comparison of dimensional accuracy between
direct-printed and thermoformed aligners

Nickolas Koenig" Objective: The purpose of this study was to evaluate and compare the
Jin-Young Choi" dimensional accuracy between thermoformed and direct-printed aligners.
Julie McCray" Methods: Three types of aligners were manufactured from the same reference
Andrew Hayes' standard tesscllation language (STL) file: thermoformed aligners were
Patricia Schncider manufactured using Zendura FLX™ (n and Essix ACE™ (n = 12), and
Ki Beom direct-printed aligners were printed using Tera Harz"™ TC-85DAP 3D Printer UV

Resin (n = 12). The teeth were not manipulated with any tooth-moving sofware
in this study. The amples were sprayed with an opaque scanning spray, scanned,
imparted to Geomagic” Control X™ metrology software, and superimposed
on the reference ST file by using the best-fit alignment algorithm. Distances
between the aligner meshes and the reference STL file were measured at nin
anatomical landmarks. Results: Mean absolute discrepancics in the Zendura

¥ Sligners
in the Essix ACE™ aligners ranged from 0.188 + 0.271 mm to 0.457 ¢ 0.350
mn, while in the direct-printed aligners, they ranged from 0.079 4 0.054 mm to
0.224 3 0.041 mm. Rool 1 X ki el 116 ool s,
anged from 0.209 + 0094 mm for Fssix ACE” 0.074 mm for Zendura
FIX™, and 0140 + 0.020 mm for the direct- |m|vlr( aners. Conclusions: This
study showed greater trueness and precision of direct-printed aligners than
thermoformed aligners

T Orthodontis, Soin
.S Lok, ML 15A

Key words: Aligner, Physical property. Resin, Three-dimensional sconner
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Novel 3D Printed Resin Crowns for Primary Molars: In Vitro
Study of Fracture Resistance, Biaxial Flexural Strength, and
Dynamic Mechanical Analysis
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Abstrac This study i satance, bi (BFS), and dys
(DMA) of

primary molars. s 3D printing msins, Graphy (GF) and NexiDent (NXT), and a prefabricated
‘zisconia crown, NSl (NS}, were testec. GP and NXT samples we e 30 printed using theworkilow

y and statistically analyzed. Itof
the fracture 0F-mmthick 3D printed to that of
the NS crowa, there was no statistically significant differenc: among GP (14916 + 3946 N), NXT
(16344 + 2693 N), and NS (16228 + 3239 N). The BIS of GP was higher for all thicknesses than that
of NXT. Both tesins showed high survival probabilities (moee than 997%) when subjected to 50 and
150 MPa. Through DMA, the glass transition temperatures of GP and NXT were above 120 °C and
e shoslogcal bhavior of GP anc NXT sccondi o lpesabu: and ey eess analyced

In condlusion, GP and NXT showed childmen, and 3D
P fixed teeth.
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1. Introduction
Esthetic dentistry has become an essential component of modern pediatric den-
tistry [1,2]. Parents” demands for esthetic solutions when restoring their children's ieth
are increasing these days [3,4]. In addition, children themselves want dentists to restore
their decayed teeth to their original appearances [5,5].
The treatment of decayed primary tecth has always been challenging for clinicians.
For children who present extensive, multi-surface lesions or high caries-risk, the American
Academy of Pediatric Dentistry advocates for the use of full coverage restorations. The
most frequently used restoration has been a preformed stainless-stee| crown (850). S5C 1
due o its long-term durability, less low cost, and ease of
preparation and placement [7]. Despite these benefits, parents and patients are unsatisfied
with the color of SSC awing to its metallic appearance [5,8]. Various attempts have been
‘made to overcome this esthetic problem by introducing open-faced SSC, pre-vencered
S5C, and zirconia crowns. An open-faced SSC has a facial window cut, wherein the

Chidren 202, 3, 1445, it/ /dokorg/ 103390/ childseng1 01445

bt/ fvrvese mdpi.com/ journal/ hildren
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rinted aligners: Material science,
wor ow and clinical applications

earchos Panayi, fung-Yeol Cha, and Ki Beom Kim

L] aligners versus thermoformed aligners e e e ooy Tt
Ad in orthodontic clear ali; ials =
rances in orthodontic clear aligner mater and the effects of non-engaged surface patterns

than 80 years when Kesling i the tooth intro-
Evan Hertan, Julie McCray, Brent Bankhead and Ki Beom Kim'®

duced the Essix aligner and Align technology its aligners. In-house designing

b
‘Yashodhan M. Bichu”, Ahdu].mheem Alwafi Xiaomo Liu“, James Andrews ®, Bjorn Ludvng, and aligner fabrication hn been am\md for more than 1u m.-. The last

Aaditi Y. Bichu®, Bingshuang Zou™

years a digital and the
e Pt o D, Uik dre process of aligner manufacturing from the plastic foil thormo'ormmg proce-
" e f ks s Py of By, Dty of B G s, G dure to a direct aligner printing one. Direct aligner printing posses advan-
i of D, D 5f Do L. e, X 3t et b, Sk A1 e o the

et i i iy o o gt S i, Abstract tages an

Prine Pt

procedure. The aligner designing and printing workflow entails steps that
are sensitive to errors that must be carefully analyzed and studied through
scientific research. Due to the versatile printed aligner designing capabilities,
aligners can be designed to fulfill specific cl

Fort, Actrata
 aparonnt of O, sty of omburg, 5, ety Background: The purpose of the study was to mezsure the forces delivered by direct-printed aligners (DP4) in the
vertical dimension and compare the force profile with traditional thermoformed aligners (TFA) and to investigate the

impact of non-engaged surface patterns to the properties of DPA and TFA

ARTICLEINFO ABSTRACT ical neads. A few svidence
Methods: A force-measuring appliance was fabricated capable of displacing the aligner in 0.10 mm increments and based scientific studies have been i which help to and
e Fapid technolagieal improvements in biomaterials, computer aided design (CAD) and manafacraring (CAM) measuring the resultant force. Polyethylene terephthalate alycol (ATMCS 0.030* American Grthodontics) and TC- optimize the final printed outcome. Despite that, more studies are needed in
Comdigen e et e s 8 ety f oo T, aud o bt smslored B5DAC resin (Graphy Inc) were used to create TFA and DPA, respectively. Aligners were temperature-controlled prior order to overcome difficulties and create an appliance that will meet the
] for alignes f"""‘""::;d wl - m:‘h“““ "';;“;‘: to and during tesfing to simulate the oral environment. The resultant forces from displacements ranging from 010 to of a {Semin Orthod 2023; m
Duee 50 pri o i it : .30 mim were measured 14) © 2023 Elsevier Inc. ANl rights reserved.
e o s g g i shr e e el n deemining e e
Emscamear
Raview anee in i o e S d_‘m  protoccls - A;:bﬂmm ';Dmﬂ Results: At intraoral temperatures, DPA demonstrated significantly less force than TRA. TFA demonstrated a substan-
contemparary bioastive mteriale, and emerping trends relted o CAT ave discused. Advances i aligars ma it
ial statistically significant increase in force with each 0.10 mm increase in vertical displacement. DPA demonstrated .
terial chemistry neering possessthe potential to bing about radical the thernpeutic ! i n i ] rod - i -
upplzmmnfu\['?mz hecmne of which, o allgner ol sontimse o undeaperform: inieally, dus to ‘amuch more consistent force profile across the range of displacements, The effects of surface patterns Intreduction Emm;;“{u la;fir Nﬂ[’mm de[}xﬂﬂ' n: ‘:cmlm
their inberent biomechanical constraints. Fisally, while innovarions i aligner marerals uch o shape memory and TFA were generally 2 decrease in force. Statistical significance of surface patterns was Getected for Evolution of aligners ormed denial contour appliance which was 2
polymess, dicect three dimensianal (30) printed clear aligaers and biaactive materials <oonbined with dear ments of 030 mm and greater and significant for DPA only at a displacement of 0,10 mm. Surface pattemns in both . . L L twoblock appliance for the upper and lower den-
alignes material e essential ta further advance the applicaions of CAT; incressed swnreness of environmental DPh and e TEA did nor shows any stasticn: diferenca wihen assouding force propieries ligner introduction into orthodontics is the tal arches and was sed mostly for the anterior
respansibilities among aligner manufacturers, aligner prescribing clinicians and aligaer users is essetial far = Srenes = Fad d for esthetc and teeth
berter aligament o ou climate change goals fowards & susmainahie planet Conclusions: Forces delivered by aligners in the vertical dimension by DPA are mora consistent and of kower mag- Tvininle oot tre— ,:.‘:_‘E;K ok Tt s il 1993 when JJ. Sheridan inro-
nitude than those of TFA aligners. Surface parterns were not capabie of altering the force properties of both DA and 1945 was the fint to introduce an appliance  duced the Essix appliance which was used as 3
reodontist in the ons believe th sligness will TP ) called tooth positioner for teeth moving without  retainer in orthodontic treatments.” He used the
1. Introduction be the main eechnique o emeat malocclusions 5] the use of fixed appliances.” The tooth posi-  Essix plastics together with interproximal reduc
B CAT Wf;“s m?g\':;mz“_d;' e s covenne the d N tioner was made of valcanized rubber ona dental — tion i correct orthodontic probl ems. Interpros-
With the sapid . ot i i entition with 2 mug G, thae iz to by the patient at all times Backgroun tooth ther:

computer-aided design (CAD) and manufaccuring (CAM), ceas alignes  “2C°P* 238 2nd bruthing and genenally changed sequentially every

herapy (CAT) bas emerged 20 3 promising altemative to conventional
fixed

planned movement
ity g e oATARORS alhough multiple commercial cear alipnes systems ave available today
rpliznce: orthodomtic:. emand 5 .

increaced sgaificandy over the last decade, presumsbly due to 2gpres-

New technological developments and market demands
have rapidly increased the availability and affordsbility
of intraoral scanners and 3D printers. These technologi-
cal advancements combined with the market demand for

tic sheets to create ..hc desired aligners. The prospect of
direct 3D printing of aligners themselves offers to usher
in an era of innovation. Specifically, the direct 3D print-
ing of aligners offers the opportunity ta contral material

semp aficr orthodontic brackets were removed.
Minor irregularitics could be comrected using the
tooth positioner which was worn full time push-
ing ihe iccih into the predeiemined tooth sep

imal reduction was first introduced by ML
Ballard in 1044 2 wechnique that is most of the
times necessary in aligner treatment.”
Back in 1997 Zia Chishti and Kelsey Wirth
bined the use of plastic foils (Essix) with the

aligner fshrication remsine 3 common festure [1].
aive macheting sirategies by commercial clear aligner companies that i of aesthetic treatment options have driven a surge in the use  dimensions, structure, and properties more directly [3,

iy e o sbeing ol " i i 1 e of e o o £ of ear aligners for othodonic tooth mevement [1,2] 4. Futhermors. dirct 3D p o e e Pk Pt Fot A P e ot b e e e O
e Clear Aligner treatment utilizing 3D printing technol.  promise of reduced waste [5] e i, Uiy i, T Sl i L (Align | Techmobogy, | Sance | Chae
T e e, mechanical and dlinical fearuses [10]. This seview enlesvours ogy has been limited to printing 3D models with staged  and an era of on-demand clear aligner treatment. [4,6,7] Fimaswl, Cyprus; Diretor for Plamning & Management Dental o015 More e Tolowed e
T e o v winen 3, comprebesivaly coes the advances i biomaterials uoed for cleas Direct-printed aligners (DPA) in contrast to tradi- Haspical, Deparement Dl Coleg, Califormiz), & e follamedd Hke
3017 with a compound snsal gronth rate (CACR) of 1306 []. A recene  “UE=s fabsication. Historical developments, cusrent protocals, proper- tional thermoformed aligners (TFA) offer to usher in . 301 Toureiy Serborimmg Sl 1708 Kepss Dopen. Orthocopel (Flpmm, Cormany), Cloar Aligne
cariey caind o o Noch Avmica also indicerd thot et wd clinical pesformances of vasiows clexs aligner maerals, TR MR SEa new world of apportunities and possibilities to cantrol ek, A eyiCinde Jam  {Iscrlohn, Germany), Surc smilc Aligners (Char
" ! Louis Uniuesity, 3320 Ruger Stro, \mz !mu MO BI04 lotte, North Carclina, USA), Spark(Ommco,
Department af Ot rm:nua Saint Louis Unnersily, T Auge steet sant tooth. movements through novel techniques. Specifi- Umiied States. Orange, California, USA} ctc. The last years
e revien andr espenbity of KeAl Commuaicaions Co. Lid Lo MO 3104, cally, the creation of different thicknesses throughout the Cormesponding audhor. i alizmers were i :
* Correspanding nushor. Department of Orsl Heslth Seience, Faculty of Dentistry, The University of British Columbia, Vaneouver, V6T 123, Canada. © 2029 Eiceuier Jnc. Allrights reserved. Enc s

e dras @ dendistry.be.ca (8. Zow), — S 1073 5746/ 12/ 1561 830,000 Initially, scrups, were made on plaster models

it/ o omg 10,105 3/}, soda, 2022, 12.007 while later, and with the inooduction of
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ABSTRACT

° et N . 0 il e with
theuse of 3D echnology. The main cause of this shift was thd mputers. i
design (CAD) softwa nd nevely invented this change tn occurin a elatively short time
in dentistry and crthodanics. The trigger Fo this transformation s the abilty to dligitally scan the oral cavity. CAD software and 3D
piiars lrsady exisd.t took a few years to incluc th ay mnmeormoﬂcmc
office. Or onthe use of iances, while inthe fast

e 3 30 et whanat s ot sl esmant el s e G slignar testmert performed uslng
thermoformed aligner. A new aligner rasin has been recentlyin

may adiantages compared 1o thermoformed one. Research s been iniiated o inve tigate: 51l the aspects of the workfiow and
aligner dies must

Keywords: 30 printing, directly UV curing unit, nitrogen generatar

INTRODUCTION

Orthodontics i the only speciatty in dentistry and medicine that uses forces to move human body parts, and
teeth, The biology of tocth movement is ,and been

many aspects of this ique feature of the movement of our teeth throughout our

entire life is used to corract orthadontic problems. The main way to move teeth is fixed appliances, which passed
along way since Angle invented the edgewise appliance.

In 1945, a brilliant mind Dr. Kesling! a plasti iance called tooth positioner to move teeth
without fixed appliances. The positioner was made of rubber on a dental setup and was used immediately after
brackets debonding. Later Nahoum? evoived liance using a two-blac the upper and lower

dental arches, while Sheridan et al in 1993 introduced an Essix appliance to comect minor orthodontic problems
combined with the interproximal reduction first used by ML Ballard in 1944.% The next big step was made four
years later when Zia Christi and Kelsey Wirth founded an aligner system called Invisalign (Align Technology, Santa
Clara, Calif, USA). Later, other companies followed that path, while in the last years direct-to-consumers aligner
was introduced.
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Abstract Th (D) printing poly as ureth, ylate (UDMA) and
bisphenol A dimethacrylate (Bis-EMA) ase ty in and
feqite surface treatments before bonding, However surtsce ttaent o adbesion conditions ohen
bt longeen use. Hemin, polymers wene divided ino Groups 1 and 2 for the UDMA and B EMA
Iy The shear two ty pes of 31D printis and
resin cements was measured using Rely X Ulimate Cement and Rely X U200, acconding to adhesion
conditions such as singh bond universal (SBU) and aisborne-partic abrasion (APA) treatments.
Thermocyding was performed to evaluate the long-term stability. Sample surface changes wene
bserved using  scanning electron microscope and surface roughness measusing instrament. The
effect of interaction between the fesin material and adhesion conditions on the SBS was analyzed via
a bworway analysis of variance. The optimal adhesion condition for Group 1 was achieved when
U200 v wd after AP ad SBU, whetiess Group 2 was nol significantly affected by the adbesion
conditions. Afer g, the in Group 1 without APA tzatment
and in the enlie Group . Additionally, porceity, limg wilh increased roughess, was observed o
both material sufaces afer APA.

Keywards: 30 printing resin; shear bond strength; sueface roughness; adhesion conditions; surface
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1. Introduction

Several (3D} printin and materials have been developed
with advances in computer-aided design/ computer-aided manufacturing (CAD/CAM) tech-
nology. To manufacture various restorations in the dental field, 3D printing or prototyping
is typically used to fabricate 3D models by layering polymer materials [1-4]. Notably, 3D
printing technalogy can easily and accurately manufacture detailed and complex pros-
theses. This approach significantly reduces the time and labor required in clinical and
laboratory procedures compared to conventional methads [1,5-8]. Given these advantages,
3D printing resin materials for long-term definitive prostheses have been developed [9,10],
and research on 3D printing materials is underway [2,11,12]

The primary component of 310 printing resins used for definitive prosthesis iseither
urethane di ylate (UDMA) or ethaxylated bisphenol A di ylate (Bis-EMA).
When a new dental material is developed, suuch as the mechanical properties
determined by the composition of the material, adhesion to existing dental cement, and
processing method, must be considered. Among these, adhesion is a clinically essential
factor in ensuring a successful restorative treatment. Certain previous studies have reported

Palymers 2023, 15, 1390. hetpac/ { dotorg/ 103390/ polyml 5061350

hitp:/ fursevemidpi o fjournal/ pobymers

IF(2023) : 5.687

EVZ

at SclenceDirect

Dental Materials

journal www. elsevier.com/ —
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AssTrAcCT

Objectives: This smdy simed to asess the effects of ai
v types of JD-printing resins for permanent restoration.
Methends: Twe types of 1D printing resins (srethane dimethacryiste oligomer; UDMA, cthaxylated bisphenol-A

it T o

(APA} on the fexural srengeh of

APA asing 50 and 110 pm alumina particles under different presures. The three. poiat fexaral strength was
measured for each susface: teatement group, and a Weibull analysis was performed. Surface chructesistics were
analyzed via surface roughness and )
and mame-indentaion measrements were limited 1o the contral grosp.
Resulis: The theee.point fexaral strength acconding to the surfsce treatment was significandy lower in the
UDMA group for large panicle sizes nd st high pressures; the BEMA groop demonstrated low fesural strength
for lasge paticle size regardless of o UDWA s DA
significantly decressed in the group subjectes to surface trestment. The Welbull modulus and charscierisic
strengeh of UDMA were higher than thase of BEMA under differcat APA and thermocycling conditions. As the
abrasien pressure and parkicle size increased, a pocous surface formed, and the surfsce roughness increased.
Compared with BEMA, UDMA. featured a lower strain, greater strain recovery, and a negligitle icrease fn
odalas according to siwin.

Thus, surface roaghnes icmeased with the sndbasting particle size and pressure of the 30-
printing resin. Hence, 3 muitable sarface trestment method to improve adhesion can be determined by con-
sidering physical property changes.

1. Introduction

feature excellent mechanical propertles and color stability, lower
polymerization shrinksge compared with self-curing resins for extsting

Advances In the computer-alded design and manufacturing (CAD/  temporary restoratlons, and better margin sultabillty than CAD/CAM
CAM) technology have facilitated the production of Inlays, crowns, and  milling-based materlals. Moreover, the mechanical performance of
dentures sing 3D printers and polymers. These developments have  these materials under various conditions, such a5 output and surface
ylelded distinct benefits for the dental community. Consequently, the  treatment, has been extensively studled [5-11]. Recently, resins for 30
dignalization of dental care has reduced working umes and labor  printing that can be used a5 final prostheses are continuously being
compared with canventional methods, facilltating easy and accurate  developed These 3D-printing resins for permanent restorations com-
reproductions of small and delicate teeth; moreover, the approach 15 prise urethane dimethacrylate (UDMA), estertfication pmd\l:rso( 44-
economically competitive [1]. Notably, the 3D-printing resin mate- ethorylated, and Z-methyl enoic arid,

nals currently used for temporary restorati

jons In clinical practice  and ethoxylated bisphenok-A dimethacrylate (Bis-EMAD. Nmm,, using
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Fig 7aj: Extra- and intraoral situation at the start of the in-office aligner treatment. The
patient shows spaces in the maxillary and mandibular region with abrasions on several teeth
and missing tooth 34. Closure of the space alone with orthodontics would not lead to an
aesthetically pleasant result. The orthopantomogram revealed no pathologies, all wisdom
teeth are in situ.

A 15 ; 2023 (Dr. Werner

Schupp’s case report in process)

Shape Memory Aligner — A new dimension in
Aligner Orthodontics

Fig 12a-d: Situation during treatment with aligner step number 4 (3, b) and with well-fitting
Graphy direct aligners in situ (c, d).

Graphy

Fig 18a-I: Comparison before {a-c) and after orthodontic treatment with in-office direct
Graphy aligners (d-f). G-i) after restoratives with composite on maxillary and mandibular
anteriors and one week after gingivectomy (Dr. W Boisserée, Cologne), j-1) smile before and
after interdisciplinary therapy.

Fig 16a-r: Final extra- and intraoral situation after treatment with in-office direct Graphy
aligners. The treatment was performed with longer straight aligner margins, but without any
attachment on the teeth for additional anchorage. The final orthopantomogram shows no
pathologies.
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Effect of print orientation and duration
of ultraviolet curing on the dimensional
accuracy of a 3-dimensionally printed
orthodontic clear aligner design

Marian C. McCarty,* Stephen J. Chen* Jeryl D. English,* and F. Kasper®

Houston, Tex
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uitraviolet (V]

tionon e & design

printng,

Methods : A masier cle

angies with respect 1 e build pistiorm: parailel (Horizonw), pempendicular (Versca), and 45° (45-Degres)

(n — 10igroup). The 457 onentation then was used to

print aigners for 3 postprint processing treatment

groups: 0 minutes of UV lignt and heat &xpasure (No Cure); 20 minutes of UV light exposure at 80°C (20
Minuie), and 40 minutes of UV light exposure at B0°C (40 Minute) {n — 10igroup). Each part was digitaly
‘scanned and superimposed with the input fie for 30 deviation analysis. A generalized linear mbed model

past-noc Tuksy appied Results: Dfficutes were encountered in op-
b ndl the No Cure group from the
anaisis. The average posttve and negatve not statstcaly among the
{0.250mm). C: may
utilty of the printed aligner design The print have litle
sffect on e overall accuracy of e SD-printed aligner design under he conditons invest
the potential efiects of location-specific deviaions. on the cinical uliity of 30-printed aligners should be
. (Am J Ortnod D 0

e influx of digital technology and computer-
aided design and computer-aided manufact uring
into the orthodontic space endbles increased use

of positioner-Tike appliances for major tooth movement.

Applying computer-sided design and computer-sided

manufacturing technology, the warkflow for clear

aligner therapy traditonally uses a single nwacral
impression or digital scan to generate muliple digital
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setups These setups are then 3-dimensionally (1D)
printed as a series of dentdl models onto which dear,
plastic aligners can be mamufactured through thermo-
forming.

Cumently, the research has focused primarily on the
accwary of intraoral scanming, 3D-printed models, and
Fabrication of dear aligners on 4D-printed models using
the traditional workflow. However, resins are emerging
that may be suitable for direct fabrication of clear
aligners fhwough 3D printing, cbviating the need for
the 3D-printed intermediate models and themo forming
steps associated with the traditional workflow. ' f accu-
rate, these resing could dramatically mprove the offi-
cienicy of the process, enabling more rapid delivery of
aligners to the patients and generating 3 higher yield
for the practice whilke reducing waste and cost.

Atthough the accuracy of 3D-printed orthodontic
‘models has been investigated in the literature,”” key
differences exist in the geametry of models and
aligners; specifically, the geametry of an aligner design
file & more complex than a 3D-printed model Each
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Direct 3D Printing of Clear Orthodontic Aligners: Current State
and Future Possibilities
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are a sultable altemative to conventional orthodontic appliances, olfering a more comfortable

@Rt sl 27| 382t
eriabs. The thermoforming procedure alers the properties o the matetial, and the i i i . o
intraoral envirumment further modifies the propertie of 2 lear alignes, affcting oversll performance (o] of surface on three types of resin based on grinding time
. of the material. Direct 3D printing offers the creation of highly precise clear afigners with soft edges, of dental automatic barrel finishing
Srans d for an entire set of trestment ligners; offering  botter

park

ey, and repeoxducibility. Dhspite 06 31 printing and the popularity An-Na Jung, Hyeon-Jeong Ko, Yu
of it dental applications, ve d clinical data are available in the fiterature sbout
directly printed clear aligners, The present article discusees the advantages of 3D printed aligners
in comparison 1o thermoformed anes, describes the cuerent state of the art, Including a discussion

Known be

Craons Tictagh, GMM.

mited techical

. Busan, Kores

of the possible road blocks that exist such as a cusrent lack of approved and marketed materials
and limited existence of aligner specific software. The present eview suggests the suitability of 3D Article info Purpose: This study simedl to prodUCE resin proSthetics using & dentsl sutomatic barrel fin-
direct printed alignens is superior to that of thermoformed manufactured alignes because of the Mgy 10,2021 ishing Surface pogrsphy
prioe's increased accuracy, had resistance, and Jower deformation. It i an overall more sable way o Fevisad My 28, 2021 inding time of ishis

in aligner where submillimeter movements can make a difference in treatment outcome. Acoepted yine:s, 2021 Methods: This study was performed with thermopolymer, autopolymer, and photopolymer

resins. The dimensions of the specimen were 10x10x2 mim. Esch specimen wes polymer-
iz=dl Bcsording 1o the manufssturer's instructions. The polymerized resin wes honed for 30
curre minutes at S-min intervals in s dental sutomatic berrel finishing. The specimen was ob-
2 that we encourage further in vitro and in vivo studies (o test these new technologies and materials served using & three-dimensional (3D) optical microseope, and the surface roughness wes
Poblihed: 3 Agr 231 . messured

Results: After the polishing with the demtal susemaic berrel finishing, the hest-cured (HC)
‘specimen showed the highest and lowest values of R siter 100 and 15 minutes, respective-
ly. The self-cured [SC) specimen showed the highest and lowest velues of R aiter 10 and
25 minutes, respectively. Finally, howed
Ra after 5 and 20 minutes, respctivaly.

D printing represents a complex method to control the thickness of the aligner and therefore
belter abillty to control the force vectoes that a
noother appeoved that can do this, ‘ this aticle is

s 10 produce tooth movement. There is

Keywords: 3D printing; clear aligners; dental printing resin; malocclusion; narmative review; or-
thodontics

. Backgrou ‘Conclusion: After messuring the surface roughness of the thres types of resins acsordi

1. Background Jusion: After ng the surfs  the three types of resins ascording
Bricf History comesponding utor 10 the ginding time of the dental aulomatic barrel finshing, the kowest Fla values for the

Orthodantics is now approaching ts fourth revolution since its inception as a spe- e Park HC, SC, and 3D spesimens were messured after 15, 25, and 20 minutes, respecively.

cialty of dentistry in the early 1900s. In those days, makocclusion was treated with the oxpar Therefore, we & limt on the grinding time of the resin using s dental sutc-
application of metal rings cemented o teeth to support wires for applylag moving forces. 57 onnase: ST
This initial treatment strategy for the correction of dental and skeletal malocchusion was el

b sl e s Emei mussiarercom T P T P T oy P P

o o e o 01 o by g b of dental cares Becaise it was ot possible
1o maintain correct dental hygiene due Lo the limited offering of dental hygiene tools in
the market at that time and to the mechanical encumbrance of the cemented rings and

Anbotion (€L BY) been

Materials 2021, 13, 1799, heps:/ /dotas/ 10,1990/ mal D1 29% hitps:/ {vewvsmdplcom /fournal /materials

B1. 2020,

Effect of print orientation and duration
of ultraviolet curing on the dimensional
accuracy of a 3-dimensionally printed
orthodontic clear aligner design

AJO-DO

B2. 2021

In Vitro Response of Anterior Teeth
to Clear Aligners Programmed with
Canine Rotation

B4. 2021, 1D

Observation of surface roughness on
three types of resin based on grinding
time of dental automatic barrel finishing

B 3 2021, Materials

Direct 3D Printing of Clear
Orthodontic Aligners Current State
and Future Possibilities
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Case Report
A Digital Fabrication of Dental Prosthesis for Preventing
Self-Injurious Behavior Related to Autism Spectrum Disorder:
A Case Report

Seoung-Jin Hong *(0, Yong Kwon Chae **, Chunui Lee *7, Sung Chul Choi > and Ok Hyung Nam 2*(

1 hoolof D e 102047, Koms:
sabockBhanmsiloet
Deparment of Pediatric Dentisty, School of Dentistr, Kyung Hee University, Seoul 1247, Korea;
pedochacBimailcom (LK.C): pedochoi@ithis s (SCC)
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Abstact d i’
injurious behavior using digital ety 2k e o male visited our clinic with chief complaints
of seven: 1 Bilateral fixed prosthesis with

denture flange were delivend using a u.s.m workflow for the protection of the gingiva. The patient
o showed healed gingival tissue, behavioral modification, and acceptable oral hygiene dufing the
updates ;unuw...,, d Also rted o recurmence of the selfinjurious behavior. Autism
Ciaton: Homg, 5.1 Chav, YK Lew belwtyiog whicti cai d filr orel Eos
€ Chi SC; Ny OHL A Digial s prosthesis, behavior modification as wel s healing of oral issue was achieved
Fabeication of Dental Prosthess for

Keywords aut behav
ACau Bpor I | Ensron R
PulicHah 207118.526. hape/ /
dokony/ 10350/ Faph1strsnts
1. Introduction

Acadenc Editoee foumos Buginka

By Patients with autism spectrum disorder (ASD) present with unique behavioral impair-

ment, characterized by poor communication and social interactions, as well as stereotyped
behaviors and responses [1]. These features can compromise dental care and oral hy-
giene [2]. In addition, repeated self-injurious behavior (SIB) that causes severe oral tissue
damage has been reported in ASD patients [3].

ASD patients may develop self-induced injuries in the head and neck region [4]. Any
Pabtishets Not: MDPlstapu st O7al tissties can be involved including gingiva, mucosa, teeth, and tooth-supporting tissues.
it mpued o jurdicion cdums 0 A PrVious study reported that tongues and lips were the predominantly affected sites

in oral self-injuries [5]. A previous study mgarding Chinese children with ASD reported

Sowived 7 July 221
Acspied 30 August 2021
Publidhd: 2Septenbuc 2021

pubahed anape and iositutionsl a6l

s that these patients showed parafunctional habits, such as biting hard objects (31.3%),
bruxism (167%), and lip biting (97%) [6]. However, ASD patients are less sensitive to
S— painful stimuli and less likely to express their physical discomfort; caregivers and clinicians
OM may misinterpret that the patient is not in Pam 5], Therefore, without nypmpnak‘

€ © 2 by o e, EIVERD, self-injured lesions can leading to

Lisotar MDP, Bul, Switdaad
R AT R, ‘The SIB can be managed by a combination of behavior modification therapy and
ot w the voms aod  Physical restraints [9], Physical restrictive devices such as arm splints, gloves, or bandages
it of e Coutie Commns WETe 150d to protect the body parts, and application of dental protective appliances for
Atsbution (CC BY) e Gapes/  the Profection of the lip or tongue has been reported. In case of gingival injury, behavior
chtrscomsmoosty/lewmally (|  modification therapy has been used to reduce SIB but was found ineffective [10]. However,
wn

Int. | Erowon. Res 15, 9249, 10 PhISI79249 httpe/ ph

Bb5. 2021, Int. J. Environ.

Res. Public Health

A digital fabrication of dental prosthesis

for preventing self-injurious behavior
related to autism spectrum disorder: a
case report

Review > Orthod Craniofac Res. 2021 Sep 27. doi: 10.1111/0cr.12537. Online ahead of print.

Comparative analysis of mechanical properties of
orthodontic aligners produced by different
contemporary 3D printers

Spiros Zinelis 1, Nearchos Panayi B, Georgios Polychronis ), Spyridon N Papageorgiou =
Theodore Eliades 3

Affiliations + expand
PMID: 34569692 DOI: 10.1111/0cr.12537

Abstract

Objective: The aim of this study was to compare the mechanical properties of orthedontic aligners
ameng different commercially available 3D printing devices,

Materials and methods: Five 3D printers (Ka:rv LP 550, Swinwon; "KAR"), (L120, Dazz 3D; "L12"),
(MiiCraft 125, Miicraft Jena; "MIC"), (Slash 2, Uniz; "SLS") and (Pro 95, SprintRay; "PRO") were used to
prepare orthodontic aligners with dental resin (Tera Harz TC-85DAW, Graphy). The central incisors of
each aligner were cut. prepared and evaluated in terms of Martens-Hardness (HM), indentation-
modulus (E7) and elastic-index (7 ) as per ISO14577-1:2002. Force-indentation curves were recorded
and differences among printers were checked with generalized linear regressions (alpha=5%).

Results: Statistically significant differences were seen for all mechanical properties (P < .05), which
were in descending order: HM (N/mm? ) as median (Interquartile Range [IQR]): SLS 108.5 (106.0-
112.0), 112 103.0 (102.0-107.0), KAR 101.5 (§7.5-103.0), MIC 100.0 {97.5-101.5) and PRO 94.0 (93.0-
96.0); Eir (MPa) as mean (Standard Deviation [SDI): SLS 2696.3 (124.7), L12 2627.8 (73.5). MIC 2566.2
(125.1), KAR 2565.0 (130.2) and PRO 2491.2 (53.3): and 7 (%) as median (IQR): SLS 32.8 (32.3-33.1),
L12 31.6 (30.8-32.3), KAR 31.3 (30.9-31.9), MIC 30.5 (29.9-31.2) and PRO 29.5 (29.1-30.0). Additionally,
significant differences existed between liquid crystal display (LCD) and digital light processing (DLP)
printers for HM (P < .001), E;f (P = .002) and nyr (P < .001), with aligners from the former having
higher values than aligners from the latter printer.

Conclusion: Under the limitations of this study, it may be concluded that the mechanical properties
of 3D-printed orthodentic aligners are dependent on the 3D printer used, and thus, differences in
their clinical efficacy are anticipated.

Keywords: 3D printing: clear aligners; instrumented indentation testing: mechanical properties.

© 2021 The Authors. Orthodontics & Craniofacial Research published by John Wiley & Sons Ltd.

Chapter
Digital Workflow for Homemade
Aligner

Dalal Elmoutawakkil and Nabil Hacib

Abstract

Advanced digital technology is rapidly changing the world, as well as
transforming the dantal profession. The adoption of digital technologiss in dental
offices allied with efficient processes and accurate high-strength materials are
replacing conventional aligners workflows to improve overall patients’ experiences
and owtcomes. Various digital devices such as 3D printars, intraoral and face scan-
ners, cone-baam computed tomography (CBCT), software for computer 30 ortho
setup, and 3D printing provide new ives to replace th

outsourced workflow for aligners. With this new technelogy, the entire process

for bringing clear aligner production in-office can significantly reduce labaratory
bills and increase patient case acceptance to provide hiph-quality and customized
aligner therapy.

Keywords: digital workflow, orthodontics, aligner, thermofarming, 30 Printii
facial scan, planning software, homemade aligners

1. Introduction

“The increasing esthetic need of patients for orthodontic devices has lead to the
development of dear aligner therapy [1, 2]. Traditionally, erthodontists contract
withan uumde service to provide clear alipner treatments. Cutsourcing toa
provide s for both the patient and It can take over 3
munﬂnnpmd.meand deliver an aligner set, and the provider requires a substantial
service fee, cutting into potential profits.

Advancements in 3D printing tachnology, Intra-oral scanners, and 3D setup
software improve the production of clear alipners. Nowadays, thase solutions
are widely available in private dental practices, allowing orthodontists in-house
aligner production.

In-house 3D printing d, incrazses and
improves patient satisfaction while offering complete workflow control.

In this chapter, we will suggest toorthodontists to centralize the production
of aligners in the dental office by detailing the diffarent stages of the produc-
tion Flow. Form acquiring extra-oral and intra.oral patient data and exploring
necessary hardware and software for this acquisition. Until the production of
the aligners, where we will discuss the equipment and materials mandatory for
this production. Going through the planming, this section will detail the different
software that an orthodontist can use for the 30 setup and the particularities of
each of these softwares.

1 IntechOpen
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Component and surface residue observation of barrel finishing media for
grinding dental resins

An-Na Jung, Yu-Jin Park, Sung-Min Choi

. Busan, Korea
Article Info Purpose: This study simed t produce resin prosthetics using a dental barrel finshing me-
Received sugist 18, 2021 chine. For
02 the resin
Aecepted Ociober 22, 2021

Methods: Two types of barrel finishing media for dental resin grinding were tesied. Speci-
mens were made from thermal polymerized, suto polymerized, and photepolymerized res-
ins. Finishing media were anslyzed through energy-dispersive X1ay spectroscopy (EDS)
component analysis and |nﬂuc1|vsiy coupled p\asmsdpnl:-l emission spectrometry (ICP-
as barrel finished for 25 minutes
using twe types of barrel ﬁmshl?\g media, and scanning elrm.mr\ microscope was photo-
graphed o observe the surfsce residues.

Results: As a result of EDS component enalysis, both types of finishing media were ane-
lyzed for the compenents of C, 0, Zr and Al elements, and industry medis (IM) wes further
snalyzed for the components af Si and Mg slemerts. In the ICP.OES component shalysis,
Cd &na As, which are harmful elements, were detestzd in IM, and no harmful elements
were detected in manufacturing medis (MM). Because of cbssrvation of surface residues,
no residues were observed in the three types of resin specimens thet were bael finished
With two types of finishing medi.

CONCIUSION: Surface resicue wasn't observed on the specimens polished using two types
conesponding Author of finishing media. However, in IM, Cd and As, wrich e ot elements, were detected,
Surgvincn making it for clinical use. In MM,
fore, b possible.
i LniversRy of Pusen, 57 COMNGEES,
Disen 46253 Hores Y finishing, a
e s OGpE s Medis, Resin,
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Emerging insights and new developments 3D-printed and thermoformed clear aligners: A micro-CT

in clear aligner therapy: A review of the analysis

Z

lltcraturc So Yeon Park RESEARCH AND EDUCATION
. College of Dentistry, Yonsei University Effect of cement space settings on the marginal and internal
Johan Hartshorne” and Mark Brian Wertheime: Sung-Hwan Choi . g N
Eelhile ana daranesburg, South Aften Collogo of Dentisiy, Yonsei University fit of 3D-printed definitive resin crowns
; N 5 ! - )
by - for JEE—— Hyung-Seog Yu . 7 Heedo Shin, DDS,* You-Jung Kang, PhD.® Hoon Kim, PhD,” and Jee-Hwan Kim, DDS, MSD, PhD?
tic treatmert options have popularized the demand for clear aligner therapy (CAT), Patient demand is College of Dentistry, Yonsei University
driven by comfort, dl oral hygiene control, CAT is an impar- Su~Jung Kim With  impmwments  in ABSTRACT
tant . "':hm Pty l:_""“" g o dﬂ_"’ " :m' '_'_: Kyung Hee University School of Dentistry m"‘P“‘j:rﬂ:j de‘g”mm:“d Statement of prablem. The cement gan sefiing sflects the marginal and intemal fits depending an
fixed appli mplex cclusions. Howe o -aided manufacturing ; :
o e st oo e, T rd o e the i Hoon i AD ) i o B TR AT e )
duction of improved software, aligner materials, and auxiliary devices has enhanced the scope of Seoul National University prostheses are being inceas-  software program, which i used 1 &id the manufs during with 3-dimersional (30) printing-type
‘malocelusions that may be treated. Managing complex tooth movements during CAT requires auxiliaries, Ki Beom Kim ingly manufactured using this  resn masters, is acking, and recom mendations for opEmsl marginsl and rtemal it are neded
evercarrnctioy, s refnmmmty b kg te ¥ of Saint Louis University technology.” CAM methods  pumose The purpose of this in vitro study was 1o evaluste how cement gap settings affect the
outcomes. The main predictors of treatment outcome are proper patient selection, patient complexity, include subtractive and additive  marginal and intarnal fit of & 3D-prineed definithe resin crawn
plaming. clinician and regular Currently, there are noevi- Jung-Yul GCha (5 jungcha@yuhs.ac) manufctuting techniques. The

dence-based dinical guidelines for CAT. Aligner technology and therapy are continuously evolving and Materisl and methods. A scanning a prepared typodon left mailary first molar, a crown was

improving. This literature review aimed to assess and summarize current scientific knowledge and evi-
dencerelating to CAT. (Am J Orthod Dentofacial Orthop Clin Companion 2022:XX:XX-XX)

lear aligner treastment (CAT} ks a rapidly developing
modality of orthedontic treatment, that has
received incressed antention as an altemative to
comventional braces, especially among adult patiemts
wiching 1o improve smile esthetics’™ Easier oral
hygiene maintenance” less pain and  discomfort”
shorter treatment time? less inconvenience'™ and bet-
ter gualty of life, ™" are claimed advantages compared

most important factors when considering using aligners
instead of fixed appliances.” 1t is imperative that both
patient and clinician expectations are addressed when
selecting the appliance for treatment.*

The demand and use of CAT have subssquently mot-
vated peopie of all ages, including older adults, to sek
orthogontic treatment.” However, concerrs have been
raised regurding the effectivensss and predicuabilty of

College of Dentistry, Yonsei University

Article

Keywords: 3D printed clear aligner, thermoformed clear alignes, micro-CT, thickness, gap width, translucency

Posted Date: January 30th, 2023

DOL: https://doi_org/10.21203/rs 3 rs-2512327/w1

miling method, the Most PP~ gesigned with cementspeces of 35, 50, 70, and 100 jm by using 2 CAD sftware program. A totsl af
ular in dentigtty” requits 3 14 specimens par group were 30 panted fom definifive 30 pdnting resin. By using the repbca
dedicated millingbur applied 10 techrique, the intaglio surfsce of the cown was dupicsted, and the duplicated specimen war
each block when cuming a  sectoned i the buccdingus! and mesodinal diecBons. Ststhtial ansyses wem perdormed
prosthesis. However, because  USng the Kruskal-Wals and e Mann-Whitney post hoc teds (4=0.

of limitations of the milling bur  Results. Athough fhe median values of the manginal gaps were within fhe cinically scepble
and its fixed thickness, the  Eimit (<120 um) for all he groups, the smallest marginal gaps were obtained with the 70-um
movement of the milling bur  sefling. For e axisl gaps, there was no obssnved difference in the 35, 50+ and T0-jm goup,
axds limits the reproduchility of 219 e 100um graip showed e largest gap. The smallest axcomiusal and occlusal gaps

complex shapes and prevents

wes abtsined with the 704im setting.

precise machining” In addition,  Conclusions. Based on the findings of this in vitro dudy, & 70-4m @ment gap stting i
milling generates considerable  tecommended for cptimal marginal and internal fit of 3D-printed msin crowns. U Prosthet Dent

. -, is i i Mmoo
with comventional fieed appliances. Demand for CAT s CAT. Bowman'® argued that “a series of aligners alone can- License: @ (@ This work is licensed under a Creative Commaons Atribution 4 0 Intemational License. Read Full ;'"'? i aﬂ":“bgk:knl a"dt
further increased because of aggressive promotion by not solve most maloeckusion issies, no matter the quality License @ debris fran 81 o
stakeholders through direct-to-consumer  advertising of the sofware design, modelling, nor type of plastic reusable. X ~_ printing methods are mcent developments in digital
and socidl media, generating increased public aware 152" However, with i proved softwars design, modeding, Additive manufacturing produces less noise, & technology that have become popular in dentistys™; for
ness for slternative esthetic cnthodontic treatment and 3-gimensioral (30) printing technelogy and biomater- and faster by the mp example, for interim prostheses. Efforts have been made
options™ In contrast, orthodontsts have often ched s, together with the input of innovathe clinicans, the making step and various driling pmcesses.* In addi- o clinically infmduce 3D-prinfing materials and fabricate
treatment outcomes and cliical pedformance as the evolution of CAT ks being steered in the Aght direction. Ini- “”“r;“_"’"‘P'“:f:_Pf can "_*93!5‘1? WP‘;"“W W"{' ;‘j‘s definitive prostheses. The P“Yf‘ﬁ“"' propenties of these
tially, the indications for CAT were limited to the eorrection technique with high precision.” Three-dimensional (30} rraterials have been improved™® to reach the strength

“irarcara Medical and Dantal Cantra, Belbvilla, South Afiica. of aligment in mildto-moderate malocclusions with
“Private practice, Jchannesburg. South Africa. minor crowding. Nowadays, moderate 1o edremely com-

. treatment is embarked upon with some degres of suc-
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In-house 3D-printed aligners: effect of in vivo
ageing on mechanical properties

Esad Chan'*, Nearchos Panayi®*, Georgios Polychro
Spyridon N. Papageorgiou'”, Spiros Zinelis’, George Eliades® and
Theodore Eliades"
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Summary

Objective: To Investigate alterations n the mechanical properties of in-house three dimensional

{3D) printed onthodontic aligners after intraoral ageing

Matarials and methods: Sixtosn 3D-printed aligners (TC-85DAC resin, Graphy, Seoul, Korea)
were used for the purpose of the study, which were divided into 10 control (nat used) aligners
and 6 materials retrieved from 4 patients after 1-week service (retrieved group). Samples from
the control group were analysed by attenuated total reflectance-Fouriertransform infrared (ATR
FTIR) spectroscapy. Samples from controliretrioved groups were embedded resin and subjected
1o instrumanted indentation testing {IIT} to record forca-indentation depth curves, calculating the
dentation modulus (£;),
R,). Differances between control and

following {as per ISO 14577-1, 2002 standard): Marte
and elastic index (), and the indentation relaxation Ind
retrieved 3D-printed ligners were checked with Mann-Whitney/ttests at an alpha = 5%

ness (HM),

Results: ATR-FTIR analysis showed that aligners were made of a vinyl ester-urathane material.
The results of the IIT tasting were: HM (control: median 915 Nimm', interquartile range [|0R] 8.0-
93.0/as-retrieved: median 90.5 Nimm’, IQR 89.0-93.0); £, (control, mean 2616.3 MPa, standard
deviation [SD] 107.0 MPa/retrieved, mean 2673.2 MPa, SD 149.4 MPa; v, [control: median 28.6%,
1QR 28.2-30.9%/as-retrieved: median 29.0%, IOR 26.7-29.2%); and R, (control: median 45.5%, IOR
43.0-47.0%as-rotrioved: modian 45.1%, QR 45.0-45.3%). No differonces botween as-rotrieved and
cantrol aligners were found for any of the mechanical properties tested (P> 0.06 in il instances).
i affected

Conelusion:
after 1 wesk in service period.
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In-house 3D-printed aligners: effect of

in vivo ageing on mechanical
properties
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Cytotoxicity and estrogenicity of a novel
3-dimensional printed orthodontic
aligner

," Spyridon N. Papageorgiou,” Nearchos Panayi,” Anna lliadi,” Theodore Eliades,”

Introductior d with fice 3-dimensional (3D) procedures have been described,
but no data on their biocompativility exist. This study investigates the cytotoxicity and estrogenicity of a
3D-printed orthodontic aligner by assessing ts biological and behavioral effects. Methods: Ten sets of 1 type
of aligner

released

MTT (344,
dt

bromide)
ging MDA-MB-231
cel lines. 17{-Estradiol a statistical analysis of data was
performed with generalized knear s at a ificance. Results: No signs of cytotoxicity
ware seen for the 032), 10% (P = 0.79), or 5%

wels of reactive oxygen
1t estrogenicity was Induced by
r both MCF-7 (P ~ 0.65) and

ssed
not affected in the aligner samples (P = 0.08). N
samples compared witn eluents from the negative

A5. 2022, ajo-po

Cytotoxicity and estrogenicity of a
novel 3-dimensional printed orthodontic
aligner

Absorbance (96 of untreated) Aligners
Cell viability (MTT): 20% v/v 92.0 = 13.0
Cell viability (MTT): 10% vfv 98.3 = 159
Cell viability (MTT): 5% v 97.6 = 146
DCFH-DA assay 103.6 = 4.4
MCE-7 cells 70.6 = 12.2
MDA-MB-231 cells 83.2 =98
NA, no addition.

Negative control

100.0 = 15.2
100.0 = 11.0
100.0 = 15.2
99.9 += 4.0

73.5 £ 26.1
854 = 19.4

NA Trolox E2 BPA
100.0 = 4.2 63.4 £ 1.5 - -
100.0 = 17.1 - 165.4 = 24.1 140.0 = 10.2
100.0 = 7.9 - 1006 £ 5.7 89.2 = 6.4

Table ll. Statistical testing for the cytotoxicity and estrogenicity assays, given as P values from general linear models

Aligner vs Negative control vs

Absorbance (% of untreated) Negative control Trolox @-estradiol BPA Trolox @-estradiol BPA
Cell viability (MTT): 20% v[v 0.32 - - - - - -
Cell viability (MTT): 10% v/v 0.79 — — — — — -
Cell viability [MTT): 5% vfv 0.76 - - - - - -
DCFH-DA assay 0.08 =20.001 - - <0.001 - -
MCE-7 cells 0.65 - <0.001 =<0,001 - =0.001 =0.001
MDA-MB-231 cells 0.78 - =0).001 = 0.001 - 0.07 0.66

“...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.”
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OFEN Thermo-mechanical properties
of 3D printed photocurable shape
memory resin for clear aligners

Seveon Leel, Hoon Kim®%, Hyun-Joong Kim*, Choaryung J. Chung’, Yoan Jeang Chof,
Su-Jung Kim? & Jung-Yul Cha®

inTC-85, whichi

properties. In additior pec
— rmore, ts
cliical spplication.
ign with an elastic
polymerin 1945, Beackets, or wires' o
dental contour applianse in 1964, Align Technology Inc. (Senla Clara, CA, USA) has colated several conceps
nd applied ded (CAM) technol-

and effort. In addition, geometric inaccurs.

s !  and it ofthe lea alie i
Ins studyevaluating the it o the cear ligners fbricated with thermoplastic materal,ull matriss showed

of Othodontics, College of Dentisty, Yonsei University, Seoul, Korea ‘Research Instiute of
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‘Gangaam Severance Hospital, Insttute of Craniofacial Deformity, College of Dentisry, Yonsei University, Seoul,
Korea.“Department of Orthodontics, Insitste of Craniofacial Deformi sei Univessiy,

Korea. Departman of dversity School
Comributed equally: Se Yeon Lez and Hoon Kim.+<email jungcha@
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Thermo-Mechanical Properties of 3D
Printed Photocurable Shape Memory
Resin for Transparent Orthodontic
Aligners

Graphy
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Figure 5. Shape memory property test procedure and shape memory mechanism; Yellow and blue specimens
indicate TC-85 and PETG, respectively.
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stress-strain curves of different orthodontic materials
(relative comparison)
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direct-printed and thermoformed aligners

Ki Beom Kim" direct-printed aligners were printes
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Kjo-

Comparison of dimensional accuracy between

in this study. The amples were sprayed with an opaque scanning spray, scanned,
imported to Geomagic” Contral X™ metrology software, and superimposed
on the reference ST file by using the best-fit alignment algorithm. Distances
between the aligner meshes and the reference STL file were measured at nine
anatomical landmarks. Results: Mcan absolute discrepancies in the Zendura

inted aligners than

Key words: Aligner, Physical property. Resin, Three-dimensional scanner

Nickolas Koenig" Objective: The purpose of this study was to evaluate and compare the
Jin-Young Choi" dimensional accuracy between thermoformed and direct-printed aligners.
Julie McCray" Methods: Three types of aligners were manufactured from the same reference
Andrew Hayes" standard tessellation language (STL) file: thermoformed aligners were
Patricia Schneider’ manufactured using Zendura FLX™ and Essix ACE™ (n = 12), and

amwary 18, 2022; Accepled January 19, 2022.

of Onthodontics, Saint Louss Universily, 3320 Rulger St

 cqually 10 this work as co-first authors.

How 10 cite this article: Koenig N, Chol JY, McCray J, Hayes A Schmeider P, Kim KB.
Comparisan of dimensional accuracy between cirect-peinted and thermaformed aligners.

A7. 2022, kio

Comparison of dimensional

accuracy between direct-printed

and thermoformed aligners

Discrepancy (mm)

Graphy

Essix ACE™ Zendura FLX™ Direct-printed

o Lm O

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

Zendura FLX™ aligners B Essix ACE™ aligners C Direct-printed aligners
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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.”
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Force profile assessment of direct-printed
aligners versus thermoformed aligners
and the effects of non-engaged surface patterns

Evan Hertan, Julie McCray, Brent Bankhead and Ki Beom Kim'

Abstract

Background: The purpose of the study was to mezsure the forces delivered by direct-printed aligners (DP4) in the
vertical dimension and compare the force profile with traditional thermaformed aligners (TFA) and to investigate the
impact of non-engaged surface patterns to the properties of DPA and TFA

Methods: A force-measuring appliance was fabricated capable of displacing the aligner in 0.10 mm increments and
measuring the resultant force. Polyethylene terephthalate alycol (ATMCS 0.030* American Grthodontics) and TC-
B5DAC resin (Graphy Inc) were used to create TFA and DPA, respectively. Aligners were temperature-controlled prior
to and during testing to simulate the oral environment. The resultant forces from displacements ranging from 010 to
030 mm were messured

Results: At intraoral temperatures, DPA demonstrated significantly less force than TFA. TFA demonstrated a substan-
tial statistically significant increase in force with each 0.10 mm increase in vertical displacement. DPA demonstrated
‘amuch more consistent force profile across the range of displacements. The effects of surface patterns in both DPA
‘and TFA were ganerally 2 decrease in force. Statistical significance of surface patterns was detected for TFA at displace-
mm and greater and significant for DPA orlly 2t a displacement of 0.10 mm. Surface patterns in both
did not show any statistical difference when assessing force proprieties.

Concluslons: Forces delivered by aligners in the vertical dimension by DPA are mor consistent and of kower mag-
nitude than those of TFA aligners. Surface parterns were not capabie of altering the force properties of both DA and
THA

Background

New technological developments and market demands
have rapidly increased the availability and affordsbility
of intraoral scanners and 3D printers. These technologi-
cal advancements combined with the market demand for
aesthetic treatment options have driven a surge in the use
gners for orthodontic tooth movement [1, 2]
Clear Aligner treatment utilizing 3D printing technol-
ogy has been limited to printing 3D models with staged

dence: KDEOTEM@NENnsluEdy
Depart Orthodoni Unnes
Lous, MO 63108, Ush

@ Springer Open

tooth d ther ing pla
tic sheets to create the desired aligners. The prospect of
direct 3D printing of aligners themselves offers to usher
in an era of innovation. Specifically, the direct 3D print-
ing of aligners offers the opportunity ta contral material
dimensions, structure, and properties more directly [3,
4. Furthermore, direct 30 printing of aligners offers the
promise of reduced waste [3], improved turnaround time,
and an era of on-demand clear aligner treatment. [4, 6,7
Direct-printed aligners (DPA) in contrast to trad
tional thermoformed aligners (TFA) offer to usher in
new world of apportunities and possibilities to control

tooth movements through novel techniques. Specifi-
cally, the creation of different thicknesses throughout the

ey
ok T v a copy f i

AlO 2022, Progress in

Orthodontics

Force profile assessment of direct-printed
aligners versus thermoformed aligners and the
effects of non-engaged surface patterns
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Fig. 4 Comparison of Peak Forces of TFA versus DPA
Table 1 Comparing TFA-NA (no attachments) and TFA-YA (with attachments)
Displacement Unit (N) TFA-NA TFA-YA p value
Mean+5D Median Mean+ 5D Median
0.10mm Peak force 526+051 511 5134089 534 094
Stabilized force 4734050 460 46+084 474 097
0.20 mm Peak force 1052069 1052 10374121 1039 082
Stabilized force 977 +£076 968 950+1.18 975 094
0.30 mm Peak force 16.16£0.71 1610 1585+ 1.36 16.26 094
Stabilized force 15.04£08 14.89 14844148 1530 055
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Fig. 5 Comparison of Stabilized Forces of TFA versus DPA
J
Table 2 Comparing DPA-NA (no attachments) and DPA-YA (with attachments)
Displacement Unit (N) DPA-NA DPA-YA p value
Mean £5D Median Mean=5D Median
0.10 mm Peak force 2594062 244 2774060 265 045
Stabilized force 076018 073 081021 079 0.65
0.20 mm Peak force 3154065 3.18 3584051 352 014
Stabilized force 1.18£0.27 119 133£023 126 0.15
0.30mm Peak force 349071 348 404 £067 87 0.08
Stabilized force 1574037 152 1.78+039 169 0.24

Direct-printed aligners can deliver

biologically compatible forces for

orthodontic tooth movement...

1
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“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.

B chitdren (o)
Review

Three-Dimensional-Printed Customized Orthodontic and Pe-
dodontic Appliances: A Critical Review of a New Era
for Treatment

Toannis A. Tsolakis *, Sotiria Gizani %, Apostolos I Tsolakis ** and Nearchos Panayi

Thessalonils 54124, Greece

At 11527, e sotsagiavie gt oo,

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). “

Figure 8. Direct-printed aligners.

Table 1. Three-dimensional printing materials used in Orthodontic and pedodontic appliances.

Childron 2022, 3, 1107, seveve madpi comfoumalchildzen

Materials Characteristics Use

Dental model resin rigid, hard, high fracture toughness, temperature resistant ~ thermoforming procedure

A 6 2 O 2 2 Children Occlusal splint resin ~ transparent, medium fracture toughness occlusal splints
- ] IDB tray resin transparent, soft IDB tray
CoCr alloy rigid, non-flexible, printed in SLS printers metallic orthodontic appliances
Three-Dimensional-Printed Ti alloy rigid, non-flexible, printed in SLS printers metallic orthodontic appliances
Customized Orthodontic and Stainless steel alloy rigid, non-flexible, printed in SLS printers metallic orthodontic appliances
Permanent crown resin low hardness, high tracture toughness crowns, brackets (tested)

Pedodontic Appliances: A Critical
Review of a New Era for Treatment

high hardness, low fracture toughness, printed in zirconia crowns, bridges, brackets,

s Zirconia slurry -
IE Ty printers bands

Aligner resin high elastic index, transparent, stable mechanical properties _printed aligners
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nted aligners: Material science,
woti:ﬂow and clinical applications

Nearchos Panayi, fung-Yeol Cha, and Ki Beom Kim

Clear aligner orthodentic treatment is not a new treatment modality. Treat-
ment with the use of plastic invisible removable appliances counts more
than 80 years when Kesling the tooth intro-
duced the Essix aligner and Align technology its aligners. In-house designing
and aligner fabrication has been around for more than 10 years. The last
years a digital and has the
process of aligner manufacturing from the plastic foil thermoforming proce-
dure to a direct aligner printing one. Direct aligner printing posses advan-

o

Fig. 2. Generalized spaces or black triangles and undercuts should be blocked out properly in order to avoid  Fig. 5. Support structures can be created by special freeware, CAD orthodontic softw:

or printer
tages and some to the problems like space opening between teeth or problematic interdental aligner fitting. g
The aligner and printing workflow entails steps that
- sensitive to errors that must be carefully analyzed and studied through
Due to the printed aligner designing capabilities,

aligners can be designed to fulfill specific clinical needs. A few evidence
based scientific studies have been published which help to understand and
optimize the final printed outcome. Despite that, more studies are needed in
order to overcome difficulties and create an appliance that will meet the
{Semin Orthod 2023; m:1-

50 pm (0.05 mm)
o

of a
14) © 2023 Elsevier Inc. All rights reserved.

Introduction positions. Later Nahoum designed the vacnm-
. . formed denml contour appliance which was a
Bvolution of alignes twoblock appliance for the upper and lower den-

ligner introduction into orthodontics is the

consequence of a demand for osthetic and
invisible orthodontic treatment. Kesling back in
1945 was the first to introduce an appliance
called tooth positioner for tweth moving without
the use of fixed appliances.” The tooth posi-
tioner was made of wilcanized rubber on a dental
semp after orthodontic brackets were removed.
Minor irregularitics could be corrected using the
tooth positioner which was worn full time push-
ing the teeth into the predetermined tooth seup

tal arches and was used mostly for the anterior
tecth.

It wasn't until 1995 when JJ. Sheridan intro-
duced the Essix appliance which was uscd as a
retainer in orthodontic treatments.” He used the
Essix plastics together with interproximal reduc
tion o correct orthodontic problems.* Interprox-
imal reduction was first introduced by ML
Ballard in 1944, a technique that is most of the
times necessary in aligner treatment.”

Back in 1997 7ia Chishti and Kelsey Wirth

bined the use of plastic foils (Essix) with the

Schaol of Demeistry, Furopem Unmisersity Cyprus, Nicasia,
Coprus; Cilinic of Orthodoniics & Pedicivic Demtistry, Gemter of Den-
eal Mdicine, University af Zurick, Furick, Suitseriand; private ofice
Eimasa, Cpras; Divecior for Plarming & Managenent Dental

concept of tooth positioncr creating Align Com-
pany that released the aligner system called Invis-
align  (Align  Technology, Sanm  Clara
Pt

Fig. 7. Tera Harz Cure Machine with a nitrogen generator.

Fospital, Depaarmee et € Morc ics followed like

ity 5001 et Seod oo, Seout 125755, Korea Orthocaps® (Hamm, Germany), Clear Aligner®

ment of Orthadonyis, G for Advanoed Dental Education, Saive (Iserlohm, Germany), Sure smile Aligners(Char-

Lowis Universty, 3320 fouiger Serot Soint Lowis, MO 63104 louie. North Carolina, USA), Spark(Omco.
it Senge.

Orange, California, USA) cte. The last years

Comepmding author.
e dircctto-consumers aligners were introduccd.

B 2023 Elevicr Fnc. Al vights resersed.

2R 46 2 T DI Initially, semps, were made on plaster models
Ko fdoi.ong/ 10,105 3/f.soda. 2022 12,667 while later, and with the inooducton of
Sewmiruars in Onthodontics, VoIW, No W, 2023: pp 1— 14 1

All 2023, Seminars in Orthodontics

3D printed aligners: Material science, workflow and
clinical applications

Fig. 10. Design of attachment and the process of sequencial teeth movement for Aligner designing.

Fig. 8. Progress of a case using direct printed aligners.

22



I Publications

DOI: 10.4274/TurkJOrthod.2022 2023 20

Review

Directly Printed Aligner: Aligning with the Future

Nearchos € Panayil 013

e
Srivate Clinic Limassal, Cyprss

Tk JGrihod

MsinPeires

dgiul

-+ Houelsligr irec ligner prinking.

- Studies have been publishad concerring the prapertie: of the aligrers. Mors shaces hove ta be conducted in srder b iwestigats and optimize
printed alig

ABSTRACT

o i ane with
the use of 3D technology. The main cause of this shift was

dsign (CAD) softwar and newly inventes! this change tn occurin a elatively short time
in dentistry and crthodontics. The triager for this transformation is the ability to digitally scan the oral cavity. CAD software and 3D
printers already existed. It took 3 few years to incluce this ay tin the orthodentic
office. Or onthe use of while inthe laa have besn

b
introduced 35 an ahemative whenever a more invisible trestment midslity s preferred, Clzar aligner treatment s performed using
thermoformed aligner. A new aligner resin has been recently invented

many advantages compared 1o thermoformed ne. Research has been initited to investigate all the aspects of the worklow and
aligner More studies must

Keywords: 3D tachnolgy. 30 printing. dirsctly printed aligner, UV curing unit. nitiogen generator

INTRODUCTION

Orthodontics i the only speciatty in dentistry and medicine that uses forces to move human body parts, and
teeth, The biology of tocth is ,and been

many aspects of this feature of the movement of our teeth throughout our

entire life is used to corract orthadontic problems. The main way to move teeth is fixed appliances, which passed
along way since Angle invented the edgewise appliance.

In 1945, a brilliant mind Dr. Kesling! a plasti 2 called tooth to move tecth
without fixed appliances. The positioner was made of rubber on a dental setup and was used immediately after
brackets debonding. Later Nahoum? evoived liance using a two-blac the upper and lower

dental arches, while Sheridan et al in 1993 introduced an Essix appliance to comect minor orthodontic problems
combined with the interproximal reduction first used by ML Ballard in 1944.% The next big step was made four
years later when Zia Christi and Kelsey Wirth founded an aligner system called Invisalign (Align Technology, Santa
Clara, Calif, USA). Later, other companies followed that path, while in the last years direct-to-consumers aligner
was introduced.

Pory, e-me i Rscaiuads February 7,2021
&Coppight i e Saciety - Avail e Racaptad: February 28,2003

Dates March 21,2022

Al2. 2023, tio

Directly Printed Aligner : Aligning with the

Future

Graphy

BT IESUSU GITUS (13 UUHE SUSIE Iy . 1R g L

be positioned horizontally or vertically on the virtual printer

mp,,,e:m "m" — Vertically positioned aligner have the disadvantage of slower printing, but
more aligner can be printed each time with the need of fewer supports

Figure 6. In cases of open bite, the orthodontist can choose to increase
the thickness of the aligner at the molars to facilitate bite closure

Figure 2. Brackets software enables the diinician to increase the
aligner thickness in specific areas where teeth movement occurs. The

software detects the areas where movement occurs and adds the extra 3 3 LN

predetermined material. Note the increased thickness of the aligner at the Figure 4. Vertically printed aligner with their supports. Note the yellow
lingual side of 42 and 31which is planned to be moved labially color which tums transparent after UV curing

-

Tera Haorz Cure

Figure 7. In cases of deep bite, the orthodontist can increase the thickness
of the palatal side of the upper incisors to correct the deep bite.

Figure 5. Tera Harz UV curing with a nitrogen generator that allows an
oxygen-free polymesization
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Review
Direct 3D Printing of Clear Orthodontic Aligners: Current State
and Future Possibilities

Gianluca M. Tartaglia 13, Andrea Mapelli 1, Cinzia Maspero 3, Tommaso Santaniello *, Marca Serafin 1340,
Marco Farronato '3 and Alberto Caprioglio

' Departiment of Esoedical, Sungical and Dvmtal Sconwes, Schio of Dentistry, Univetsity of Milan,

20100 Mils M AL

cinia, i i1 (C M & T, Sunims | (AC)
CCS € Grand: 20160 Milan,fal

Dvpartment of Physics, University of Milan, 20100 Mitan, ltay; fomunsass santareedkounini
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Abstract: The resent imtroduction of (3D) printing i dentistry
and i even being applied to orthedontic treatment of malocclusion. Clear, personalized, removable
tigners are I

for patients. Includs iene and treatment.

I clear aligners are pr bya g p various types of

theemoplastic materials. The thermoforming procedure alters the properties of the material, and the
- tear a

IF(2023) : 3.748
Citations : 70

Direct 3D printing represents a complex method to control the thickness of the aligner and therefor
has a better ability (o control the force veetoes that are used o prodduce tooth movement. There i
currently no other the do this article i

o it b Figure 1. Conventional orthodontic treatment (a) and thermoformed clear aligner with its 3D printed

Keywords: 3D printing; clear aligners; dental printing resin: malocchusion; narmative review; or-

- mold (b).

a b

Figure 2. Direct 3D printed clear aligner.

1. Background
Bricf History
Orthodontics is now approaching its fourth revolution since its inception s a spe-
cialty of dentistry in the early 1900s. Tn those days, malocclusion was treated with the
application of metal rings cementad t teeth to support wires for applylng moving forces.
This initial treatment strategy for the coerection of dental and skeletal malocehusion was
it 1 by a hug dental caries because it was almost i ible
o maintain correct dental hygiene due to the limited offering of dental hygiene tools in
the market at that time and to the mechanical encumbrance of the cemented rings and

Materis 2021, 14, 1799, heps:/ /dot.org /10.5990/mal 071799 it/ fvwwowmdpl com/journal /materials

B3 2021, Materials

Direct 3D Printing of Clear
Orthodontic Aligners Current State
and Future Possibilities

Figure 3. Final step of an orthodontic treatment with 3D direct printed clear aligners (experimental
trial on a voluntary patient).

Figure 4. Customization of design and thickness of directly printed aligners.
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Digital Workflow for Homemade
Aligner

Dalal Elmoutawalkkil and Nabil Hacib

A

Abstract

o

i
|

' 4
advanced digital tachnology is rapidly chanping the world, s wall as
transforming the dental profession. The adoption of digital technologies in dental
offices allied with efficient processes and accurate hiph-strangth materials are -
replacing conventional alignars wark ows o improve overall patients’ expariances Drufosmart scan® Ministar® Erkoform®
and otcomes. Various digital devices such as 3D printers, intraoral and face scan-
ners, cone-beam computed tomography (CBCT), software for computer 30 ertho
setup, and 3D printing provide new potential alternatives to replace the traditional Figure 9.
outsourced workflow for aligners. With this new technelopy, the entire process Dissiretor s Tor dligner’s fabvicat
for bringing claar aligner production in-office can significantly reduce laboratory ressure forming machines for aligner’s fabrication.
bills and increase patient case acceptance to provide high-quality and customized
aligner therapy.

Keywords: digital workflow; orthadontics, aligner, thermoforming, 30 Printing, Figure 10.
factalsean, planning software, homemate figners In-office trimming of aligners.

1. Introduction

The increasing esthetic need of patients for orthodontic devices has lead to the
development of dear alipner therapy [1, 2]. Traditionally, orthodontists contract
with an outsida sarvice to provida claar aligner mreatments. Ctsourcing to a

T “Graphy’s Tera Harz has obtained CE, FDA, and KFDA medical device

Advancements in 30 printing technology, Intra-oral scanners, and 3D satup
saftware improve the production of clear alipners. Nowadays, these solutions

e certification...The clear Tera Harz resin is fully transparent and

improves patient satisfaction while offering complete workflow control.
In this chapter, we will suggest toorthodontists to centralize the production . ope . . . "

of aligners in the dental office by detailing the different stapes of the produc

e e as high durability agreed with orthodontic treatment device purposes.

necessary hardware and software for this acquisition. Until the production of

the aligners, where we will discuss the equipment and materials mandatory for

this production. Going through the planning, this section will datail the different

software that an orthodontist can use for the 30 setup and the particularities of

each of these softwares.

1 IntechOpen

B7.2021

Digital Workflow for Homemade
Aligner

Figure 8.
Directly printed aligners with Tera Harz TC-85 resin (TC-85DAC) put, after post-treatment side by side with
thermoformed aligner (Biolon 0,75 mm).
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Emerging insights and new developments
in clear aligner therapy: A review of the
literature
Johan Hartsl hDr a.nd Mark Brian Went! heimef’
Bellville hannesburg, South Afri

by ncreased esthetic orthadon
tic treatment options have puwlaﬂud u« demand ﬁx m aligner theﬂpy (CAT). Patient demand |

driven by comfort, and oral hyglene control, CAT is an impor-
tart treatment to Fxed a viable for mild-tamoderate

in growing patients. CAT s leseﬂu:l]ve and predictable than conven-
tional fixed appliances for complex orthodontic tooth movements and malocclusions. However, the itro-
duetion of improved software, aligner materlals, and auxliary devices has enhanced the scope of
malocelusions that may be treated, Managing complex tooth movements during CAT requires auxiliaries,
overcorrectiors, mnd refinements to lmprave the predictablity, stfectiveness, and stability of trestment
The main ps of outcome are proper patient selection, patient complexity,
mmﬂ(ﬁlm\ ng. compliance, clinician experience, and regular monitoring. Currently, there are no evi
dence-based dinical guidelines for CAT. Aligner technology and therapy are continuously evolving and
improving. This literature review aimed to assess and summarire current scientific knowledge and evi-
dencerelating to CAT. (Am J Orthod Dentofacial Orthop Clin Comparion 2022:XX:XX-XX)

Lping  most important factors

B9. 2022, A30-00 clinical

Companion

Emerging insights and new developments in
clear aligner therapy (CAT): A review of the
literature

Graphy

“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.”
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Novel 3D Printed Resin Crowns for Primary Molars: In Vitro
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Study of Fracture Resistance, Biaxial Flexural Strength, and
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Abstract This study evaluated the fracture resistance, biaxial flexural strength (BFS), and dynamic
lysas (DMA) of th 30} for the esthetic

primary molars. Two 3D printing resins, Graphy (GP) and NextDent (NXT), and a prefabricated

zisconia erown, NuSanike (N5, were tested. GP and NXT samples we e 3D printed using the workflow

Survival probabiltiy (%)

b byeach Data llected and statistically analyzed. As a result of

o K N i, 1 K, the fractuns resistance test of 0.7-man-thick 3D printed resin crowns with a thickness similar to that of 1000 1
L L s L, K Lo ELS, the NS crowsn, there was no statistically significant difference among GP (4916 + 34,6 N), NXT - 20 -
K, . Scng 15 Shin, ¥ Mol (16344 < 260.3 1), andl NS (16228  313.9 ). The BFS of GP was higher for all thicknesses than that
a0r \ Coimens o Py 0f NXT. Both resins showed high susvival probabilities (more than 90%) when subjected to 50 and
Mok Sudy ot Fuctane 150 MPa. Through DMA, the glass transition temperatures of GP and NXT were above 120 °C and =

. al Pevsral S, the rheological behavios of GP and NXT acconding to lemperatune and frquency wene analyzed
= Dy i Mischanical Aclyia In conclusion, GP and NXT showed bike forces in child d 3D -
Chikdren 2022, 8, 143, g/ ted 1d b P sption for fixed prostheses of primary teeth. |_|_‘ 0 -
Ao/ 103000 e S 0 i

T T T

{
|
{
|
I
{
{
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Acbeansc Edioe Zoud D Bagndads  Keywords: 3D printing; mechanical properties; fracture mesistance; biaxial flexural strength; dynamie
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T et Thickness (mm) BFS (MPa)
ith sepand to jusisdictionsl chaims i Esthetic dentistry has become an essential component of modem pediatric den-

bl g aed il i v [1,2]. Parents” demands for esthetic solutions when restoring their children’s tecth
e are increasing these days [2,4]. In addition, children themselves want dentists to restore

i decayes ot o i riinal appesrences (5 _ . L Figure 6. Weibull survival probability based on biaxial
g A el eyt e Figure 4. Mean biaxial flexural strength (MPa) fl exugra| strength (BFS) for thirc)knesses g 4 0.7 and 1.0 mm
Lisne MOFL “M; Swinerand  Avademy of Pediatric Dentistry advocates for the use of full-coverage restorations. The . . . . .

o ek iy e bt s e prfrmed inkessstel erown (S50, S5C 12 of the various exper|menta| groups. ! !

recommended due to its long-term durability, less recurrent caries, low cost, and ease of 1
eommended o i g e bl ket o o o e o for Graphy and NextDent materials.
with the color of S5C owing to its metallic appearance [5,8]. Various attempts have been

, ‘made to overcome this esthetic problem by introducing open-faced SSC, pre-veneered

vy SSC, and zirconia crowns. An open-faced S5C has a facial window cut, wherein the

Biaxial flexural strength(MPa)

ot of the Casative
Ansbution (CC BY) ki

Chtdran 2022, 9, 1845, bittpe:/ /doi o/ 103590 childzerd101445 httpe/ fwwve melpi.com/ journaly children

“3D printed resin crowns could be a new
A8. 2022, chisren ces0) P! . . |
Novel 30 Prited Resin Crowns for aIternatl\{e to restoring primary mo!ars while
s i S ) o satisfying the need for esthetics.
Dynamic Mechanical Analysis
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Abstract: Three-dimensional (3D) printing polymers such as urethane dimethacrylate (UDMA) and g’ g 15 ! Ba Ac Ba
ethoxylated bisphenol A dimethaceylate (Bis-EMA) ane typically used in definitive prosthesis and o 15 [T y Aa fa B,a
wequire surface tratments before bonding. However, surface Lesatment and adhesion conditions often = -] B.d 2
affect long-tecm use. Hegin, polymers wens divided into Groups 1 and 2 for the UDMA and Bis EMA 17 7] s
components, respectively. The shear bond strength (SBS) between bwo types of 31D printing resins and - o
fesin cements was measuned using Rely X Ullimate Cement and Rely X acconding to adhesion c 10 c 10
conditions such as single bond universal (SBU) and airborne-particle abrasion (APA) treatments. [=] Q
Thermocycling was performed to evaluate the long-term stability. Sample surface changes wene o 2
observed using a scanning electron microscope and surface foughness measuring instrament. The - -
effect of interaction botween the resin material and adhesion conditions on the SBS was analpzed via 3 5 8 5
a bwoway analysis of variance. The optimal adhesion condition for Group 1 was achieved when = =
check for U200 was used after APA and SBU, wheneas Group 2 was not significantly affected by the adhesion m m
updates econditions. After thermocycling, the SBS significantly decreased in Group 1 without APA latment
Clation: Karg, L1 Fask ¥; S ¥;  and in the entice Geoup 2. Additionally, porcsity, aloag with increased roughoess, was observed on 0 0
Kam, |- HL Effct of A dbesion both material surfaces afer APA.
[ —— cu AU CBU ABU CBUT ABUT cu AU CBU ABU CBUT ABUT

Sungth of 3 Pratiog Resins e Keywords: 3D printing resin; shear bond strength; surface coughness; adhesion conditions; surface
cling Used oe Defisitie — freatment; thermocycling

Prcstesi. Poyers 202, 15, 1350

itpe om0 30

polpen K120

e * I“;i:;it;:‘qmm.ml (3D) printing technologies and materials have been developed S B S b efo re t h e r m O Cyc I i n g S B S a fte r t h e r m O CyCI i n g

with advances in computer-aided design/ computer-aided manufacturing (CAD/ CAM) tech-

Recsivedt 10 Februsry 23

[—— nology. To manufacture various restorations in the dental field, 3D printing or prototyping
g 823 is typically used to fabricate 3D models by layering polymer materials [1-4]. Notably, 3D

Pubbud: 10 Masd

am printing technology can easily and accurately manufacture detailed and complex pros-
theses. This approach significantly reduces the time and labor required in clinical and
laboratory procedures compared to conventional methods [1,5-8]. Given these advantages,
3D printing resin materials for long-term definitive prostheses have been developed [5,10],
and research on 3D printing materials is underw 1,12].
The primary component of 3D printing resins used for definitive prosthesis is either
urethane di late (UDMA ) or ethoxylated bisphenol A di MA). 11

L] L] L] L]
i
When a new dental material is developed, various factors, such as the mechanical properties
determined by the composition of the material, adhesion to existing dental cement, and
processing method, must be considersd. Among these, adhesion is a clinically essential

factor in ensuring a successful restorative treatment Certain previous studies have reported

Copyright © 223 by the suthoss
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after thermocycling, whereas
A13. 2023 showed a considerable decrease in shear bond
|  romers (TEED strength after thermocycling.”

Effect of Adhesion Conditions on the Shear
Bond Strength of 3D Printing Resins after
Thermocycling Used for Definitive Prosthesis
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Effect of airborne particle abrasion treatment of two types of 3D-printing
resin materials for perma.nent restoration materials on flexural strength™

You-Jung Kang™', Hoon Kim"*, Jiho Lee", Yeseul Park’, Jee- Hwan Kim™*

1. Introduction

Advances In the computer-aided design and manufscturing (CAD/  temporary restorations, and better margin sulta

Il\.lavs,auwns and  milling-based materials. Moreover, the mecha ance of

amm 1sing 30 printers and polymers. These developments have  these matertals und e

ylelded distinct benefits for the dental community. Consequently, the  treatment, has been
bor

printing that can be used as final prostheses are
ate  developed. These 3D-printing resins for perm: m-
s of 3 . the approach Is  prise wrethane dimethacrylate (UDMA), esterification products of 4, 4-
economically competitve [1-4). Notbly, the TD-pmmngm mate- ethaxylated, and -enolc acid,
Tt corvenly 1568 for temporary pestrations n cIncal practce  and etherylated bisphesclA dimethscryiate (i EWAY Hotably, nsng

Develapment Fund (KMDF] grant y (Grant nas. 1 o 852020

+ Cormspoaden rmsthodantics, Yonsei University College of Deatisizy, 50-1 Yonses o, Seodaemsn gu, Seoul 03722, the Republic of Korea.

mmuﬂxnmﬂenYImH.Klm,JLaeﬁllﬂm;n two types of 3D-printing
for permanent restoration matersals on flexural strength, Dental Materials, fhitps:// doL o mwmem 121.2023,05.007

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
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Graphy

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.

=bladns

shows flexural strength of

134MPa immediately after

printing, then decreases to
70MPa after surface treatment
and thermocycling.
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