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Abstract

Background. Recent developments in computer-aided design/computer-aided manufacturing
(CAD/CAM) and 3D printing have enabled the fabrication of digital indirect bonding (IDB) transfer trays.
These modern products require thorough investigation.

Objectives. The aim of the study was to determine the accuracy of one-piece and three-piece IDB transfer
trays in vitro.

Material and methods. An initial dental scan (IDS) of a randomly selected patient with digitally
positioned brackets served as the master scan (MS) for designing 16 IDB transfer trays of each
type. They were 3D printed and used for bonding 448 brackets to the models. Subsequently, the
models were scanned with a TRIOS® 3 Intraoral Scanner (3Shape A/S, Copenhagen, Denmark),
producing actual scans (ASs). The accuracy of bracket positioning was measured digitally on both
MSs and ASs. The measurements were compared to the Objective Grading System for dental casts
provided by the American Board of Orthodontics (ABO).

Results. The 2 types of IDB transfer trays showed comparable accuracy. All linear errors were within
the clinically acceptable range, whereas the angular measurements demonstrated significant variability,
resulting in clinically unacceptable transfer errors that ranged from 3.3% to 90.3%.

Conclusions. The study results cannot be unconditionally extrapolated to other types of IDB transfer trays
due to the diversity of their properties and features. The study evaluated the in vitro accuracy of IDB transfer
trays. The revealed number of errors may be even higher in vivo due to limitations in visibility, salivary flow,
interference from the tongue, and difficulties in achieving a proper fit of the IDB transfer tray to the teeth.
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Introduction

Bracket positioning represents a significant challenge in
orthodontic treatment with fixed appliances, the objec-
tive of which is to achieve the best results with minimal
archwire bending or bracket repositioning. In this regard,
the indirect bonding (IDB) technique offers considerable
promise. This method, which employs transfer trays, was
first proposed in 1972 by Silverman et al.! Since that time,
various modes of IDB have been developed, and numer-
ous studies have been conducted to examine the precision
of bracket positioning with IDB transfer trays.>~”

Current IDB transfer trays are manufactured from
a variety of materials, each with distinct properties, that
are important in orthodontic treatment.>*® Transfer trays
made of thermoplastic materials are known for their ease
of use and adaptability to the dental arch. However, their
flexibility and susceptibility to distortion raise concerns
about the precision of bracket placement.*¢ Conversely,
silicone-based transfer trays offer improved rigidity and
accuracy, although their increased stiffness can some-
times complicate their application.>*#61113 Substantial
advancements in computer-aided design/computer-aided
manufacturing (CAD/CAM) have enabled the digital de-
sign and fabrication of IDB transfer trays using resin for
3D printing. The digitization of IDB transfer tray fabri-
cation, particularly through resin 3D printing, represents
a significant advancement in orthodontic treatment mo-
dalities. These modern, digitally-designed products offer
previously unattainable customization. However, rigor-
ous scrutiny is required to validate their reliability and
efficacy. An important aspect of this advancement is the
introduction of IDB materials in 3D printing. These mate-
rials, which are characterized by softness and susceptibility
to damage, differ from traditional 3D-printing materials!®-2°
and cannot endure extended storage or undergo polishing
like other materials used in dental applications.

The objective of our study was to evaluate the preci-
sion of bracket bonding using IDB transfer trays created
with 3D-printed biocompatible resin. The focus of the
study is on assessing the accuracy of these trays in both
one-piece and three-piece designs, while also highlight-
ing the advancements in material science and digital
technology in orthodontics. This study addresses not only
the technical aspects of IDB tray fabrication but also the
clinical implications of these advancements, evaluating
their impact on treatment outcomes and efficacy.

Material and methods

IDB transfer tray management

A randomly selected patient’s occlusion was scanned
using a TRIOS® 3 Intraoral Scanner (3Shape A/S,
Copenhagen, Denmark) with an accuracy of 6.9 um,
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resulting in the initial dental scan (IDS). The patient pre-
sented with Angle Class I malocclusion on the right side
and Angle Class II malocclusion on the left side, in ad-
dition to dental crowding, a normal overbite and an in-
creased overjet. Subsequently, virtual pre-torqued brack-
ets (Victory Series™ LP Roth 022 APC Flash-Free; 3M
ESPE, St. Paul, USA) were placed on the virtual teeth
of the IDS using Ortho Analyzer 2019 software (3Shape
A/S), resulting in the master scan (MS). Based on the MS,
transfer trays for the IDB were designed to rest solely on
the teeth, thus avoiding contact with the gingiva and fully
covering the brackets, with the exception of the undercuts
of the gingival bracket wings. The thickness of each IDB
transfer tray reached 2.3 mm around the brackets and at
least 4 mm in the occlusal part.

At this stage, the virtual IDB transfer trays were divided
into 2 groups based on the transfer mode: Group I — one-
piece IDB transfer trays (n = 16); and Group II — three-
piece IDB transfer trays (n = 16). In Group II, the IDB
transfer trays were designed similarly to those in Group
I, but were divided in CAD software into 3 segments:
an anterior segment extending from the right canine to
the left canine; and 2 lateral segments extending from
the first premolars to the second molars. The IDB trans-
fer trays were subsequently 3D printed on the SprintRay
Pro 95 3D printer (SprintRay Inc., Los Angeles, USA) us-
ing a transparent biocompatible resin specially designed
for IDB transfer trays (NextDent Ortho IBT; Nextdent,
Soesterberg, the Netherlands), with an accuracy of 50 um
(Fig. 1).

The IDS was 3D printed using Model Gray resin
(SprintRay Inc.) with an accuracy of 50 pm, serving as the
initial model (IM), and replicated 32 times. The obtained
models were coated with Transbond XT LC Adhesive Kit
(3M ESPE). The material was applied to the models using
compressed air and cured on each tooth with a Valo™ X
polymerization lamp (Ultradent Products, Inc., South Jordan,
USA) in normal mode for 20 s. Metal brackets with pre-
applied adhesive were used in the study (Victory Series™
LP Roth 022 APC Flash-Free; 3M ESPE). The brackets
were manually placed in the IDB transfer trays from both

Fig. 1. 3D-printed indirect bonding (IDB) transfer trays

A. Three-piece tray; B. One-piece tray.
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study groups and bonded to the models. The adhesive was
polymerized with the Valo™ X polymerization lamp in
Xtra Power mode, which was repeated twice for 3 s. All
brackets were bonded by the same clinician.

The models with bonded brackets were scanned using
the TRIOS 3 Intraoral Scanner, thereby facilitating the
acquisition of the actual scans (ASs). In order to eliminate
reflections on the brackets during scanning, the mod-
els with bonded brackets were coated with a thin layer
of Helling 3D Scan Spray (Helling GmbH, Heidgraben,
Germany) with an average particle size of 2.8 um.

Measurements

Using GOM Inspect V8 SR1 software (Carl Zeiss GOM
Metrology GmbH, Braunschweig, Germany), the ASs
with brackets bonded using 3D-printed IDB transfer trays
were superimposed on the MSs of the patient’s dentition
with brackets generated by the Ortho Analyzer software.
Only the lingual and occlusal surfaces of the dentition
were selected to ensure that the superimposition did not
include the brackets. To prevent bias in the imposition, the
dental arches were divided into 3 sections: from the right
second molar to the right first premolar; from the right
canine to the left canine; and from the left first premolar

Fig. 2. Superimposition of the model
Areas selected for the local “best fit" are marked in red.

—————
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to the left second molar. The superimposition was con-
ducted for each section separately in order to enable the
identification of the optimal fit at the local level (Fig. 2).
To determine the differences between the bracket posi-
tions in the MSs and the ASs, the “3-2-1” technique was
applied using the local X, Y and Z coordinate system, with
the reference points illustrated in Fig. 3. The 2 coordinate
systems were compared using GOM Inspect software to
calculate the differences between bracket positions in the
MSs and the ASs and provide the linear or angular errors.
The linear errors in the mesio-distal, linguo-vestibular
and occluso-gingival directions were measured as the dis-
tances between the bracket positions in the MS and the
AS in relation to the X-, Y- and Z-axes, respectively. Any
toric, oblique, or rotational errors were measured as the
inclination of the bracket positions from the MS to the AS
in relation to the X-, Y- and Z-axes and noted as torque,
tip and rotation, respectively. For linear measurements,
a positive value indicated mesial, vestibular, or occlusal
bracket displacement. For angular measurements, a posi-
tive value indicated palatal/lingual crown torque, mesial
tipping, or disto-vestibular rotation of the bracket. To as-
sess the repeatability of the “3-2-1” technique, measure-
ments of the same model were repeated 3 times by the
same experienced operator, 7 days apart.

Fig. 3. Reference points determining the local coordinate system using the “3-2-1"technique

The color red is used to indicate reference points on the X-axis, the color green is used to indicate reference points on the Y-axis, and the color blue is used to

indicate reference points on the Z-axis.
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In accordance with the American Board of Orthodontics
(ABO) Objective Grading System,?! linear errors <0.5 mm
in the proper alignment are considered clinically accept-
able. This criterion was adhered to in our study, thereby
enabling a reliable evaluation of the results. Additionally,
given that a marginal ridge discrepancy of 0.5 mm in
an average-sized molar would result in a crown tip
deviation of 2°, angular errors <2° were also defined as
clinically acceptable.

Statistical analysis

The repeatability of the measurements was assessed
using Lin’s concordance correlation coefficient. Student’s
t-test was performed to evaluate the bracket placement
errors, and Fisher’s exact test was used to assess the prev-
alence of clinically acceptable transfer errors. All statisti-
cal analyses were conducted using Statistica® v. 13.3 soft-
ware (TIBCO Software Inc., Palo Alto, USA).

Results

Out of a total of 448 bonded brackets, 14 were ineli-
gible for measurements due to various reasons, including
debonding during the IDB procedure or incomplete cap-
ture by the scanner. The transfer accuracy of 434 brackets
was examined: 219 from Group [; and 215 from Group II,
allowing for a total of 2,604 bracket positioning measure-
ments.

Repeatability of measurements

Lin’s concordance correlation coefficient demonstrated
high repeatability of the measurements, with coeffi-
cients in the order of 0.9 (« = 5%) at 0.980, 0.994, 0.998,
0.982, 0.986, and 0.997 for mesio-distal, linguo-vestibular,

Table 1. Descriptive statistics of the errors in the maxilla

Incisors Canines

o w00 0% oo 0182 Lol 089 off
o coos 0001 oo <0001 oo 0001 o
] cors 0503 Lope 0001 Lol 0898 oo
?rorﬂfe i22'T3 <0.001* i22'16 <0.001* jfg <0.001* ¢]2§1
o s 009 o 0 o o3
o 0w 8 om ) os )

0.009*

occluso-gingival, toric, oblique, and rotational displace-
ments, respectively.

Errors of placement

Overall, more significant bracket displacements result-
ing in substantial changes in positions between the MS
and the AS were observed in the mandible and in Group II
(Table 1,2).

Maxilla: significant results

The molar brackets in Group I demonstrated linear
errors in 3 directions, resulting in more mesial,
vestibular and gingival positions in the ASs compared
to the MSs. The molar brackets in Group II showed
significant vestibular displacement. The brackets
placed on the incisors and canines in both groups were
positioned more vestibularly. The brackets placed on
the incisors, canines and premolars in both groups
displayed additional palatal crown torque, although
this torque change did not exceed 2° for the canines in
Group II. The premolar brackets in Group I exhibited
oblique displacement, resulting in additional distal
tipping (Table 1).

Mandible: significant results

In Group [, all brackets on the incisors, canines and
premolars were displaced mesially. The incisor and molar
brackets in both groups, as well as the premolar brackets
in Group II, exhibited vestibular displacement. The pre-
molar brackets in Group I, as well as the molar brackets
in both groups, were displaced gingivally, whereas the
canine brackets from Group II were shifted toward the
occlusal plane. The incisor, premolar and molar brack-
ets in both groups, as well as the canine brackets in

Premolars Molars

Group Il

0.110 ffé 0.097 1()69028 0.144 369()69 0.001% 1()692]5 0876
<0.001* 56?37 0.981 fb?(;% 0.001* 56956 <0.001* 36?183 0.001*
0.341 f(‘)%o] 0.987 ;8:82 0.024* ;8:12 <0.001* 569563 0536
;‘3'?2 <0.001* ffs <0.001* ;g:g 0.164 ioéi 0.963

0.234 ;}; <0.001* ;gg 0.109 i02'1.4 0.797 ;2:19 0.946
0814 io]']’z 0570 iO{T] 0792 ;l:é 0348 io]']] 0814

M-D — mesio-distal; L-V - linguo-vestibular; O-G — occluso-gingival; M — mean; SD - standard deviation; * statistically significant (p < 0.05, Student’s t-test).
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Table 2. Descriptive statistics of the errors in the mandible

Canines

Premolars

Incisors

Group Il

Displacement
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* statistically significant (p < 0.05, Student’s t-test).

Group II, exhibited lingual crown torque. Mesial tipping
of the incisor brackets in both groups and the premolar
brackets in Group II was also observed. However, mesial
rotation of the canine brackets occurred only in Group II

(Table 2).

Prevalence of clinically acceptable transfer

errors

With regard to linear errors, no measurements
exceeded the ABO criteria in either group. However,
for angular measurements, toric, oblique and rotational
errors exceeding 2° were observed in both groups, with
toric errors being the most affected (Fig. 4,5).

Comparison of inter-group accuracy

Regarding linear measurements, both groups demon-
strated an equal accuracy of the IDB transfer trays in all
dimensions, with no errors exceeding 0.5 mm (Fig. 4,5).

With regard to angular measurements, the toric
displacement resulting in palatal/lingual crown torque
was comparable in both groups. The only significant inter-
group differences were observed in molar bracket positions,

with a greater number of errors in oblique and rotational
angulations in Group II in the maxilla and in oblique
angulation in Group II in the mandible. The mandibular
incisor brackets exhibited a more pronounced rotation in

Group I (Fig. 4,5).
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Fig. 4. Percentage distribution of measurements exceeding the acceptable deviations during bracket positioning in both groups in the maxilla
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Fig. 5. Percentage distribution of measurements exceeding the acceptable deviations during bracket positioning in both groups in the mandible
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Discussion

The size of our study sample was determined based on
the literature.® Out of 448 bonded brackets, we assessed
434 due to a failure rate reaching 1.7% in Group I and
2.7% in Group II, which is comparable with values found
in published papers.®11:1¢

An in vitro study by Pottier et al. evaluated the preci-
sion of hard 3D-printed IDB transfer trays compared to
soft silicone transfer trays and demonstrated the reliabil-
ity of the “3-2-1” measurement technique, which justifies
its application in our study.!!

Currently, 6 technologies are used in 3D printing: stereo-
lithography (SLA); digital light processing (DLP); fused
filament fabrication (FFF); selective laser sintering (SLS);
liquid crystal display (LCD); and PolyJet. Hazeveld et al.
suggested the use of DLP or Poly]Jet prints, as they proved
to be more precise than SLA.22 However, due to the rapid
evolution of 3D printing and the differences in printer
designs, there is no scientific evidence to suggest that
1 method is superior in terms of providing the most accurate
models. At the time of designing our study, the SprintRay
Pro 95 3D printer was one of the most advanced DLP
printers. To minimize bias associated with the printing
process, both the models and the IDB transfer trays were
printed with the highest possible accuracy of the material
used, which was 50 pm.

To minimize the influence of adhesive thickness on
bracket position, brackets with pre-applied adhesive were
used in our study. The amount of adhesive was kept to
a minimum and standardized.

A study by Zhang et al. compared 6 currently available
intraoral scanners and demonstrated that the TRIOS 3
Intraoral Scanner had the highest precision (4.5 £0.9 pm)
and accuracy (6.9 0.9 um), justifying its selection for our
study.?® Lab scanners were excluded due to their inability
to precisely capture undercuts. Nevertheless, spraying the
brackets with a thin layer of scan spray was necessary to
avoid reflections of the stripe light by the metal surface.
The average particle size of the spray used in the pres-
ent study was 2.8 pm. Although spraying the brackets by
an experienced dentist significantly improved the homo-
geneity of the layer thickness, a resultant unquantifiable
systematic error cannot be entirely excluded.?* Studies
have shown that coating thickness may vary from 13.3 um
t049.1 pm.2*

The mechanical properties of the materials used for
fabricating IDB transfer trays play a crucial role in ensur-
ing the precision of bracket placement. Although these
materials are easy to use and support the adaptability
of IDB transfer trays, they are simultaneously prone
to fragility, softness and flexibility. As highlighted by
Paradowska-Stolarz et al., the mechanical properties
of these materials can lead to deformation under force, re-
sulting in deviations from the intended bracket position.!8
However, studies by Schwirzler et al. demonstrate that
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using higher hardness materials for the fabrication of IDB
transfer trays can adversely impact the effectiveness of the
bonding procedure.!*15

The 3D inspection and mesh processing software
(GOM Inspect) presents data with an accuracy of up
to 1 um. In order to implement the “3-2-1” technique,
6 points were required to be marked in predefined posi-
tions. We could not rule out the possibility of inaccuracies
occurring while marking the points. Therefore, we calcu-
lated Lin’s concordance correlation coefficients, which
demonstrated significantly consistent repeatability of the
measurements.

To ensure the accuracy of the measurements, an auto-
matic scan overlay was used in the initial stage. It was ob-
tained via MS and AS superimposition along the greatest
number of matching areas. This method revealed discrep-
ancies in the posterior parts of the dental arches, which
demonstrated the limitations of the intraoral scanner.
Despite its high resolution, the intraoral scan does not ac-
curately represent the shape of the entire dental arch, as
evidenced by Anh et al.” Such discrepancies could also result
from the model printing process itself, as demonstrated
in a study by Kim et al.> Therefore, to avoid the influence
of these discrepancies on the results of our study, we sec-
tioned the scans into 3 parts to obtain the local “best fit”.

Both types of IDB transfer trays enabled precise bracket
positioning in the linear dimensions, consistent with the
results of several in vitro studies.>>®912 Although signifi-
cant vestibular and gingival displacement of the brackets
was observed, none exceeded the ABO criteria. However,
to enhance the precision in the occluso-gingival dimen-
sion, it is recommended to apply gentle pressure in the
occlusal direction on the bracket after fitting the IDB
transfer tray. To ensure better accuracy in the linguo-
vestibular dimension, the vestibular part of the tray
should be thicker. This increases the stiffness and makes
the tray less prone to deformation.

With regard to angular errors, bracket positioning was
found to be less accurate and characterized by great vari-
ability, resulting in clinically unacceptable transfer errors
that ranged from 3.3% to 90.3%. These results align with
those reported in the literature.>6131626 Nju et al. sug-
gested that the low accuracy of angular bracket position-
ing may be attributed to the design of the IDB transfer
tray, specifically the filling of all undercuts in the MS,
which may result in incomplete adhesion of the IDB trans-
fer tray to the bracket surface.” This limitation may impair
the ability to control angular bracket positioning and may
be considered a drawback of our study. Nevertheless, von
Glasenapp et al. compared the accuracy of IDB transfer
trays with jigs that fill the inner spaces of brackets, similar
to those used in our study. The authors did not note the
superiority of any of the evaluated IDB transfer trays in
terms of angular control, indicating that filling the under-
cuts may not be the optimal method for preventing
angular errors.!? Thicker or more rigid IDB transfer trays
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could enhance the angular control; however, increased
thickness or rigidity may interfere with transfer tray re-
moval and result in bond failures.

The use of CAD/CAM allows for the design and fabri-
cation of IDB transfer trays in countless ways. However,
many modalities may be affected by factors that influence
the properties of trays. These factors may occur at any
stage of tray manufacturing, from design through produc-
tion, and they have implications for printing technology,
material selection and post-processing methods. Bracket
systems, which may vary in design and dimensions, may
also influence the accuracy and precision of IDB transfer
trays in bracket positioning.

Conclusions

In summary, it should be emphasized that our study
results cannot be unconditionally extrapolated to other
types of IDB transfer trays due to their diverse proper-
ties and features. Furthermore, it is important to note
that our study evaluated the in vitro accuracy of the
IDB transfer trays. It is possible that the error rate may
be even higher in vivo due to limitations in visibility,
salivary flow, interference from the tongue, and diffi-
culties in achieving a proper fit of the IDB transfer tray
to the teeth.

Ethics approval and consent to participate

Not applicable.

Data availability
The datasets generated and/or analyzed during the cur-

rent study are available from the corresponding author on
reasonable request.

Consent for publication

Not applicable.
ORCID iDs
Michat Wajda @ https://orcid.org/0000-0003-0769-9478

Joanna Lis
Beata Kawala

https://orcid.org/0000-0001-9192-1064
https://orcid.org/0000-0002-3284-7893

References

1. Silverman E, Cohen M, Gianelly AA, Dietz VS. A universal direct
bonding system for both metal and plastic brackets. Am J Orthod.
1972;62(3):236-244. doi:10.1016/s0002-9416(72)90264-3

2. Duarte MEA, Gribel BF, Spitz A, Artese F, Miguel JAM. Reproducibility
of digital indirect bonding technique using three-dimensional (3D)
models and 3D-printed transfer trays. Angle Orthod. 2020;90(1):92-99.
doi:10.2319/030919-176.1

3. Griinheid T, Lee MS, Larson BE. Transfer accuracy of vinyl polysiloxane
trays for indirect bonding. Angle Orthod. 2016;86(3):468-474.
doi:10.2319/042415-279.1

20.

21.

907

. Castilla AE, Crowe JJ, Moses JR, Wang M, Ferracane JL, Covell DA Jr.

Measurement and comparison of bracket transfer accuracy of five
indirect bonding techniques. Angle Orthod. 2014;84(4):607-614.
doi:10.2319/070113-484.1

. Kim J, Chun YS, Kim M. Accuracy of bracket positions with a CAD/CAM

indirect bonding system in posterior teeth with different cusp
heights. Am J Orthod Dentofacial Orthop. 2018;153(2):298-307.
doi:10.1016/j.ajod0.2017.06.017

. Schmid J, Brenner D, Recheis W, Hofer-Picout P, Brenner M, Crismani AG.

Transfer accuracy of two indirect bonding techniques — An in vitro
study with 3D scanned models. Eur J Orthod. 2018;40(5):549-555.
doi:10.1093/ejo/cjy006

. Koo BC, Chung CH, Vanarsdall RL. Comparison of the accuracy

of bracket placement between direct and indirect bonding
techniques. Am J Orthod Dentofacial Orthop. 1999;116(3):346-351.
doi:10.1016/50889-5406(99)70248-9

. Aguirre MJ, King GJ, Waldron JM. Assessment of bracket

placement and bond strength when comparing direct bonding
to indirect bonding techniques. Am J Orthod. 1982;82(4):269-276.
doi:10.1016/0002-9416(82)90461-4

. Niu Y, Zeng Y, Zhang Z, Xu W, Xiao L. Comparison of the transfer

accuracy of two digital indirect bonding trays for labial bracket
bonding. Angle Orthod. 2021;91(1):67-73. d0i:10.2319/013120-70.1

. Bachour PC, Klabunde R, Griinheid T. Transfer accuracy of 3D-printed

trays for indirect bonding of orthodontic brackets. Angle Orthod.
2022;92(3):372-379. doi:10.2319/073021-596.1

. Pottier T, Brient A, Turpin YL, et al. Accuracy evaluation of bracket

repositioning by indirect bonding: Hard acrylic CAD/CAM versus
soft one-layer silicone trays, an in vitro study. Clin Oral Investig.
2020;24(11):3889-3897. d0i:10.1007/500784-020-03256-x

. von Glasenapp J, Hofmann E, Stipple J, Jost-Brinkmann PG, Koch PJ.

Comparison of two 3D-printed indirect bonding (IDB) tray design
versions and their influence on the transfer accuracy. J Clin Med.
2022;11(5):1295. doi:10.3390/jcm11051295

. Gindog H, Arman Ozcirpici A, Pamukgu H. Transfer accuracy of three

indirect bonding trays: An in vitro study with 3D scanned models.
Turk J Orthod. 2023;36(1):1-9. doi:10.4274/TurkJOrthod.2022.2022.34

. Schwarzler A, Nemec M, Lettner S, Rank C, Schedle A, Jonke E. 3D

printed indirect bonding trays: Transfer accuracy of hard versus
soft resin material in a prospective, randomized, single-blinded
clinical study. Dent Mater. 2023;39(11):1058-1065. doi:10.1016/j.den-
tal.2023.09.011

. Schwarzler A, Lettner S, Nemec M, Rank C, Schedle A, Jonke E.

CAD/CAM indirect bonding trays using hard versus soft resin material:
A single-blinded in vitro study. Dent Mater. 2023;39(9):831-838.
doi:10.1016/j.dental.2023.07.003

. Hoffmann L, Sabbagh H, Wichelhaus A, Kessler A. Bracket transfer

accuracy with two different three-dimensional printed transfer
trays vs silicone transfer trays. Angle Orthod. 2022;92(3):364-371.
doi:10.2319/040821-283.1

Panayi NC, Tsolakis Al, Athanasiou AE. Digital assessment of direct
and virtual indirect bonding of orthodontic brackets: A clinical
prospective cross-sectional comparative investigation. Int Orthod.
2020;18(4):714-721. doi:10.1016/j.0rtho.2020.09.007

. Paradowska-Stolarz AM, Wieckiewicz M, Mikulewicz M, et al.

Comparison of the tensile modulus of three 3D-printable materials
used in dentistry. Dent Med Probl. 2023;60(3):505-511. doi:10.17219/
dmp/166070

. Paradowska-Stolarz A, Malysa A, Mikulewicz M. Comparison of the

compression and tensile modulus of two chosen resins used
in dentistry for 3D printing. Materials (Basel). 2022;15(24):8956.
doi:10.3390/ma15248956

Paradowska-Stolarz A, Wieckiewicz M, Kozakiewicz M, Jurczyszyn K.
Mechanical properties, fractal dimension, and texture analysis
of selected 3D-printed resins used in dentistry that underwent the
compression test. Polymers (Basel). 2023;15(7):1772. doi:10.3390/
polym15071772

Casko JS, Vaden JL, Kokich VG, et al. Objective grading system
for dental casts and panoramic radiographs. American Board
of Orthodontics. Am J Orthod Dentofacial Orthop. 1998;114(5):589-599.
doi:10.1016/50889-5406(98)70179-9



908 M. Wajda, J. Lis, B. Kawala. Accuracy of 3D-printed indirect bonding trays

22. Hazeveld A, Huddleston Slater JJR, Ren Y. Accuracy and
reproducibility of dental replica models reconstructed by different
rapid prototyping techniques. Am J Orthod Dentofacial Orthop.
2014;145(1):108-115. doi:10.1016/j.ajod0.2013.05.011

23. Zhang YJ, Shi JY, Qian SJ, Qiao SC, Lai HC. Accuracy of full-arch
digital implant impressions taken using intraoral scanners and
related variables: A systematic review. Int J Oral Implantol (Berl).
2021;14(2):157-179. PMID:34006079.

24. Dehurtevent M, Robberecht L, Béhin P. Influence of dentist experi-
ence with scan spray systems used in direct CAD/CAM impressions.
J Prosthet Dent. 2015;113(1):17-21. doi:10.1016/j.prosdent.2014.07.006

25. Anh JW, Park JM, Chun YS, Kim M, Kim M. A comparison of the
precision of three-dimensional images acquired by 2 digital intra-
oral scanners: Effects of tooth irregularity and scanning direction.
Korean J Orthod. 2016;46(1):3-12. d0i:10.4041/kjod.2016.46.1.3

26. Sabbagh H, Khazaei Y, Baumert U, Hoffmann L, Wichelhaus A,
Janjic Rankovic M. Bracket transfer accuracy with the indirect
bonding technique - A systematic review and meta-analysis. J Clin
Med. 2022;11(9):2568. doi:10.3390/jcm11092568



