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Abstract:

Introduction: Indirect bonding is a procedure that
involves transferring orthodontic attachments from
dental casts (working models) and bonding them to
the teeth with the help of a transfer tray. Indirect
bonding is a preferred approach for many
orthodontists since it takes less time than direct
bonding. The merging of computer-aided design and
computer-aided manufacturing (CAD/CAM) allowed
for the digital formation of transfer trays. This study
aimed to determine the accuracy of CAD/CAM
indirect three-dimensional printed bonding trays.
Materials and methods: ) ¢ + teeth were planned to be
bonded by 3D printed transfer tray. The intraoral
scanner was first used to produce a stereolithographic
(8TL) file for virtual brackets location, and then
another scan was taken after the brackets were
bonded. Software was used to measure position
deviation of bracket placements by superimposing
virtual STL files and post bonding STL files. Results:
To see if the mean transfer error was statistically
within the selected accuracy limits of 0.5 mm for
linear measurements, a one-sample t-test was used.
For linear measurements, P-values of less than 0.05
indicated differences within the accepted deviation
limits. Conclusions: CAD/CAM transfer trays for
indirect bonding have high transfer accuracy in all
Kinds of teeth.
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Introduction

The first straight wire appliance was developed
since long time ago. An appliance made up of
attachments (brackets) that have unique
features for each tooth, including a pre-set tip,
in and out, and torque prescription.(1)

It used to take a long time for direct brackets
bonding to their positions. An orthodontist will
place the bracket in a certain location and
orientation, which may vary from case to case,
in order to produce desired tooth movements.
Many orthodontists favor indirect bonding
because the more accurate the bracket
insertion, the more probable the ideal teeth
positioning will occur. Indirect bonding is a
procedure in which orthodontic attachments are
transferred from dental casts (working models)
and bonded onto teeth using a transfer tray,
first reported by Silverman et al in 1972.(2)

Brackets were often bonded to plaster
(physical) models before being moved to a
patient's mouth using an indirect bonding
transfer tray made of silicon or vacuum formed
sheets.(3-6)
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Currently, technological advancements enable
for digital bracket planning and bonding. This
technique comprises a desktop scanner scan of
the patient's models or an intraoral scanner
scan of the patient's mouth. After the brackets
are put on the digital models, a transfer tray is
created or printed to keep the brackets in their
proper position before being inserted in the
patient's mouth for the bonding operation. In
2018, Christensen was the first to employ an
indirect bonding transfer tray created using
computer-aided design/computer-aided
manufacturing (CAD/CAM). (7,8)

Materials and methods

Before beginning the study, ethical approval of
the Faculty of Dentistry ethical committee was
obtained and all individuals were told about the
study's nature and benefits. Also a signed
informed consent was acquired from each
paticipant.

Seven individuals with good dental hygiene
who needed fixed orthodontic treatment were
chosen from the Orthodontic Department's
outpatient clinic. Hypocalcified teeth or huge
restorations extending to the tooth's facial
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surfaces, poor dental hygiene, active
periodontal disease, and several missing teeth

were all ruled out.

This study included 140 teeth for indirect
bonding (all upper and lower incisors, canines,
and premolars in all patients).

After taking complete orthodontic records, all
participants had their teeth polished. Standard
Tessellation Language (STL) data for both
dental arches were obtained using an intraoral
scanner.

The STL file was imported into the 3Shape
Orthoanalyzer software, where virtual models
were created. Virtual bracket placement
according to desired treatment plan was
completed, and another STL file for the final
bracket position design was obtained and
utilized as a reference for superimposition.

Ortho appliance designer was used to plan the
transfer tray by defining its extensions. After
that, a transfer tray was 3D printed from
biocompatible flexible resin Ortho IBT, which
was loaded with brackets, checked for firrting
and ready for bonding (Figure 1).
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Figure 1 printed transfer tray with brackets

Indirect bonding procedure:

All teeth were polished with a brush and
pumice, and then etched for 20 seconds with 37
percent phosphoric acid. Drying by air with
special attention to the lingual and palatal
surfaces of the teeth, as well as isolation, was
carried out. With a bonding brush, the etched
surfaces were covered with single bonding
agent. Inside the transfer trays, light cured
composite was applied over the mesh of
bracket bases. Gentle pressure was used to
place transfer trays loaded with brackets on
teeth, followed by 20 seconds of light curing
for each bracket. The tray was removed with a
dental probe from the lingual surface to the
labial or buccal surfaces. After complete
bonding, teeth were scanned by the same intra
oral scanner for superimposition.

Superimposition:

Superimposition was carried out by reverse
engineering software (Geomagic qualify)

according to technique described by El-
nigoumi in 2016.(9)

Mesio-distal and occluso-gingival linear and
angualr deviations were measured as the linear
distance.

Statistical analysis:

P-values of less than 0.05 indicated differences
within the limits of 0.5 mm for linear
measurements.(10)

The mean and standard deviation values were
calculated. Data were explored for normality
using Kolmogorov-Smirnov and Shapiro-Wilk
tests, data of accuracy showed parametric
(normal) distribution.

The significance level was set at P < 0.05.
Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows.

Results:

One-tailed t-tests were performed to determine
whether the mean transfer error was
statistically within the selected acceptable
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limits of 0.5 mm for linear measurements, and
2° for angular measurements. P-values of less
than 0.05 indicated differences within the
limits of 0.5 mm for linear measurements and
2° for angular measurements.(10)
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indicating that the brackets were transferred

with acceptable translational error in the MD

and OG dimensions, regardless of tooth type or

arch. Also, all one-sided t-tests reach statistical

significance (P < 0.05) for torque angular
dimensions in all tooth types in both arches.

All one-sided t-tests reached statistical
significance (P < 0.05) for all linear Figure 2 Bar charts representing relation
dimensions in all tooth types in both arches, between different arches
Group B
e 8 I u a I B8 4 I
Table 1 The mean, standard deviation (SD) values of tranferred brackets
Variables
p-value
Mean SD
MD (mm) 0.20 0.07 <0.001*
Premolars OG (mm) 0.32 0.12 <0.001*
MD (D) 1.73 0.60 0.045*
Torque 2.28 0.71 0.072ns
MD (mm) 0.23 0.06 <0.001*
Canines OG (mm) 0.32 0.12 <0.001*
MD (D) 1.61 0.49 0.011*
Torque 2.41 0.68 0.040*
MD (mm) 0.21 0.06 <0.001*
Incisors OG (mm) 0.32 0.08 <0.001*
MD (D) 1.55 0.44 <0.001*
Torque 2.52 0.61 <0.001*
MD (mm) 0.21 0.06 <0.001*
Total OG (mm) 0.32 0.10 <0.001*
MD (D) 1.63 0.51 <0.001*
Torque 241 0.66 <0.001*
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Discussion

The purpose of this study was to determine the
accuracy of CAD/CAM indirect three-
dimensional printed bonding trays. In this
study, a total of 140 brackets were bonded.
While removing the transfer tray, 16 brackets
were debonded, accounting for 11.4 percent of
total bonded brackets. This figure is slightly
lower than that reported by Zachrisson and
Brobakken, who found a bonding failure rate
of 14 percent with indirect bonding.(11)

For transfer accuracy, 134 brackets were
measured. One-sided tests revealed that
brackets were transferred within the accepted
range (0.5 mm) in
(occluso-gingival and mesio-distal), as well as

linear measurements
within the transfer error range of 2 degrees in
angular measurements (mesio-distal rotation
and torque). The 0.5 mm and 2° thresholds
were selected because they are generally
recognized professional standards limits. For
teeth that are 0.5 mm or more out of alignment,
the American Board of Orthodontics Cast-
Radiograph Evaluation allocates points. The
allowed angular deviation
determined because a 2° crown-tip deviation

threshold was

error causes a marginal ridge discrepancy of
0.5 mm in an average-sized tooth. Several
studies have used these levels to evaluate tooth
and Dbracket transfer
superimposition.(12-14)

accuracy in  model

According to Armstrong et al, 0.25 mm
transfer deviation in the incisor brackets
positions and 0.5 mm for canines, premolars
and molars is considered clinically accepted.

(15)
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The results demonstrated that the transferred

brackets' linear and angular control were within

acceptable limits except torque measurements

in premolars. Previous studies of digital

indirect bonding techniques have yielded
similar results.(14,16)

Previous studies compared the actual bracket
positions with the virtual setup through
superimposition or direct measuring to
determine the accuracy and precision of digital
indirect bonding, and they concluded that
CAD/CAM indirect bonding is an accurate and
efficient technique for orthodontic bracket
bonding, which is consistent with the findings
of this study..(12,17-19)

The type of material utilised, lack of elasticity,
distortion, wrong tray fit, and pressure are all
examples of indirect bonding typical problems
that affect transfer trays construction.
Appropriate pressure would enable appropriate
tray seating, but excessive pressure could result
in gingival deviation or bracket rotation.

With technology evolution and further
researches, standardization of printing settings
and resin specification will be set and range of
errors through the whole procedure will be
reduced to minimum and CAD/CAM indirect
bonding will be more popular in every

orthodontist daily practice.
Conclusions:

CAD/CAM indirect bonding transfer trays had
high transfer accuracy in linear measurements
in all types of teeth.

Angular measurements showed accepted
transfer accuracy in all teeth except premolars

regarding torque measurements.

Volume 62 — December 2022

13 —



ISSN: 1110-435X
ONLINE ISSN: 281-5258

References :

1. McLaughlin RP, Bennett JC. Evolution
of treatment mechanics and contemporary
appliance design in orthodontics: A 40-year
perspective. Am J Orthod Dentofacial Orthop
[Internet]. 2015 Jun [cited 2019 Oct
4];147(6):654-62. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2603806
9

2. 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):236-44.

3. 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):269-76.

4. Koo BC, Chung CH, Vanarsdall RL.
Comparison of the accuracy of bracket
placement between direct and indirect bonding
techniques. Am J Orthod Dentofacial Orthop
[Internet]. 1999 [cited 2022 Jan
18];116(3):346-51. Available from:
https://pubmed.ncbi.nim.nih.gov/10474109/

5. Hodge TM, Dhopatkar AA, Rock WP,
Spary DJ. Scientific section: A randomized
clinical trial comparing the accuracy of direct
versus indirect bracket placement. J Orthod.
2004;31(2):132-7.

6. Bozelli JV, Bigliazzi R, Barbosa HAM,
Ortolani CLF, Bertoz FA, Faltin Junior K.
Comparative study on direct and indirect
bracket bonding techniques regarding time
length and bracket detachment. Dental Press J
Orthod. 2013;18(6):51-7.

Egyptian

Orthodontic Journal

7. Christensen LR, Cope JB. Digital

technology for indirect bonding. Semin Orthod

[Internet]. 2018;24(4):451-60. Available from:
https://doi.org/10.1053/j.s0d0.2018.10.009

8. Layman B. Digital Bracket Placement
for Indirect Bonding. J Clin Orthod.
2019;53(7).

9. EIl Nigoumi A. Assessing the Accuracy
of Indirect Bonding with 3D Scanning
Technology. J Clin Orthod [Internet]. 2016
[cited 2022 Jan 21];50(10):613-9. Available
from:
https://pubmed.ncbi.nlm.nih.gov/27888654/

10. Casko JS, Vaden JL, Kokich VG,
Damone J, James RD, Cangialosi TJ, et al.
Obijective grading system for dental casts and
panoramic radiographs. American Board of
Orthodontics. Am J Orthod Dentofacial
Orthop. 1998;114(5):589-99.

11. Zachrisson BU, Brobakken BO.
Clinical comparison of direct versus indirect
bonding with different bracket types and
adhesives. Am J Orthod. 1978;74(1):62-78.

12. Larson BE, Vaubel CJ, Grinheid T.
Effectiveness of computer-assisted orthodontic
treatment technology to achieve predicted
outcomes. Angle Orthod. 2013;83(4):557-62.

13. Griinheid T, Lee MS, Larson BE.
Transfer accuracy of vinyl polysiloxane trays
for indirect bonding. Angle Orthod.
2016;86(3):468-74.

14. 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.

Volume 62 — December 2022

14 —



ISSN: 1110-435X
ONLINE ISSN: 281-5258
15. Armstrong D, Shen G, Petocz P,

Darendeliler MA. A comparison of accuracy in
bracket positioning between two techniques -
Localizing the centre of the clinical crown and
measuring the distance from the incisal edge.
Eur J Orthod. 2007;29(5):430-6.

16. Bachour PC, Klabunde R, Griinheid T.
Transfer accuracy of 3D-printed trays for
indirect bonding of orthodontic brackets: Angle
Orthod. 2022;00(00).

17. Son KH, Park JW, Lee DK, Kim KD,
Baek SH. New virtual orthodontic treatment

system for indirect bonding using the

Egyptian
Orthodontic Journal
stereolithographic technique. Korean J Orthod.
2011;41(2).

18. Brown MW, Koroluk L, Ko CC, Zhang
K, Chen M, Nguyen T. Effectiveness and
efficiency of a CAD/CAM orthodontic bracket
system. Am J Orthod Dentofac Orthop.
2015;148(6):1067-74.

19. El-Timamy AM, El-Sharaby FA, Eid
FH, Mostafa YA. Three-dimensional imaging
for indirect-direct bonding. Am J Orthod
Dentofac Orthop [Internet]. 2016;149(6):928—
31. Available from:
http://dx.doi.org/10.1016/j.ajod0.2015.12.009

Volume 62 — December 2022

15 —



