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Abstract: This ex vivo study compared the accuracy of direct and indirect bonding techniques using
3D-printed transfer trays in fresh human cadavers. Five fresh human cadavers were selected to simu-
late clinical conditions, including the presence of enamel and surrounding soft tissues. Intraoral scans
were obtained to generate digital models, and bracket positioning was performed virtually using Or-
thoAnalyzer software. Roth .022” Mini Master brackets were virtually placed on upper and lower
arches, followed by the fabrication of 3D-printed transfer trays for indirect bonding. Each cadaver un-
derwent both bonding techniques (direct and indirect), followed by intraoral scanning. Digital models
were superimposed to assess differences in bracket positioning in the vertical (occluso-gingival) and
horizontal (mesio-distal) planes. A total of 58 teeth were analyzed, the greatest deviation between the
techniques was observed in the vertical plane, particularly in the maxillary arch, with a mean difference
0f 1.03 + 0.36 mm (p = 0.008). Horizontal deviations were less pronounced and statistically non-signif-
icant (0.73 £ 0.43 mm; p = 0.14). The smallest differences were 0.26 + 0.11 mm (vertical) and 0.19 *
0.13 mm (horizontal). Indirect bonding with 3D-printed trays showed superior accuracy in bracket po-
sitioning compared to direct bonding, especially in the horizontal plane. This technique may offer clin-
ically relevant advantages in enhancing bonding precision in orthodontics.

Keywords: Orthodontic Brackets; Dental Bonding; Dimensional Measurement Accuracy; Cadaver;
Models, Dental.

1. Introduction

The accuracy of bracket positioning during orthodontic bonding is one of the
most accurate bracket positioning is a critical factor in achieving optimal biomechan-
ics during fixed orthodontic treatment. Misplacement can lead to undesirable tooth
movements, extended treatment time, unnecessary repositioning, incorporation of
compensatory wire bends, and suboptimal functional and aesthetic outcomes [1, 2].
Direct bonding remains the most widely used technique due to its simplicity and re-
duced chairside steps, as it does not require laboratory processing. However, it is
inherently more prone to operator-dependent errors [3, 4]. In contrast, indirect
bonding was introduced to improve bracket placement precision through labora-
tory-guided procedures, offering enhanced control and reproducibility [5, 6]. Early
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versions of this technique, however, were limited by impractical workflows and in-
consistent clinical outcomes [7].

The advent of digital orthodontics, particularly CAD/CAM systems and 3D-
printed transfer trays, has significantly improved the feasibility and accuracy of in-
directbonding [8, 9]. These systems allow for individualized virtual bracket position-
ing, predictable tray fabrication, and integration with diagnostic tools such as CBCT,
ultimately reducing chairside time and improving efficiency [3, 10]. Despite these
technological advances, clinical evidence remains inconclusive regarding the superi-
ority of indirect over direct bonding, especially in settings where factors such as sa-
liva, soft tissue interference, and intraoral movement may affect outcomes [11, 12].
In vitro studies using typodonts or resin models do not fully replicate the complexity
of the human oral environment, while in vivo studies raise ethical concerns related
to repeated bonding and debonding procedures.

To address this limitation, ex vivo models using fresh human cadavers offer a
biologically realistic and ethically viable alternative. These models provide enamel
surfaces, soft tissue architecture, and intraoral access conditions that more accu-
rately mimic the clinical setting [13-15]. However, no previous ex vivo study using
fresh human cadavers has directly compared direct and digital indirect bonding un-
der simulated clinical conditions. Therefore, the present study aimed to evaluate and
compare the accuracy of direct and digitally guided indirect bonding techniques us-
ing 3D-printed transfer trays in fresh human cadavers.

2. Materials and Methods

Five fresh human cadavers were selected according to the following inclusion
criteria: presence of complete upper and lower anterior segments (central and lat-
eral incisors, canines) and at least one premolar per quadrant, with teeth free from
fractures, extensive caries, or restorations that could interfere with bracket position-
ing. Cadavers with missing teeth, severe crowding, or dental anomalies were ex-
cluded. At the end, the sample comprised a total of 58 teeth, divided among 5 cadav-
ers. Intraoral scans of the cadavers’ dental arches were obtained using a Trios scan-
ner (3Shape, Copenhagen, Denmark). The scans were processed in OrthoAnalyzer
software (3Shape, Copenhagen, Denmark) to generate three-dimensional (3D) digi-
tal models. Each cadaver underwent two bonding protocols: indirect bonding and
direct bonding. On opposite quadrants, alternating sides between specimens to min-
imize positional bias.

Virtual bracket placement was performed by a calibrated orthodontist follow-
ing the software’s stepwise protocol, including tooth segmentation, contact point
identification, and long axis determination Roth .022” Mini Master brackets (Ameri-
can Orthodontics, Wisconsin, USA) were selected from the software library and po-
sitioned at the center of the facial axis of the clinical crown of each tooth. Once final-
ized, the virtual setups were exported for manufacturing of 3D-printed indirect
bonding trays by the Compass 3D laboratory (Belo Horizonte, Brazil).

Direct bonding followed a conventional clinical workflow (Figures 1A to 1B).
Initially, an adhesive resin (Transbond XT primer; 3M® Unitek, Minnesota, USA) was
applied to the bracket base, brackets were manually positioned at the center of the
facial axis of the clinical crown of each tooth, and excess adhesive was removed. In-
direct bonding involved adapting the 3D-printed transfer tray over the arch with
brackets preloaded with adhesive (Figure 1C). For both methods, brackets were pho-
topolymerized for 3 seconds each on the buccal and occlusal surfaces using a Valo
LED curing unit (Ultradent®, Ribeirdo Preto, Brazil) (Figure 1D). After each protocol,
brackets were removed and the enamel polished (Figure 1E).

Following each bonding protocol, the dental arches were rescanned with the
Trios Color intraoral scanner (3Shape, Copenhagen, Denmark) (Figure 2A to 2D). The
digital models of direct and indirect bonding for each cadaver were superimposed
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using the “Surface 3-point” registration method in OrthoAnalyzer software, selecting
identical stable anatomical reference points (Figure 3A to 3B).

Figure 1: Clinical orthodontic procedures on a fresh human cadaver. A. Application
of adhesive resin to the bracket base (direct bonding). B. Placement of orthodontic
brackets on the tooth (direct bonding). C. Insertion of a 3D-printed transfer tray (in-
direct bonding). D. Photopolymerization of brackets (direct and indirect bonding). E.
Polishing after bracket removal (direct and indirect bonding).
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Figure 2: Digital intraoral scanning procedure. A. Intraoral scanning of a fresh hu-
man cadaver. B. Operator capturing the dental arch using a 3Shape intraoral scanner
connected to CAD software. C. Computer screen displaying the processing of the 3D
scan. D. Final 3D scan. E. Example of a 3D digital model with orthodontic brackets. F.
Additional example of a 3D digital model with orthodontic brackets.
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Figure 3: Comparison of 3D dental models using 3Shape software. A. Frontal view of
maxillary arch models. B. Lateral view of mandibular arch models, with yellow rep-
resenting direct bonding and green representing indirect bonding, for accurate anal-
ysis.
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Since no tooth movement occurred in this ex vivo experimental setting, stable
dental anatomical structures were selected as reference points for superimposition.
Three points were chosen for each arch to perform the 3-point surface registration:
in the upper arch, one point on the buccal cusp ridge of each second premolar and
one on the mesial incisal edge of the right central incisor; in the lower arch, one point
on the buccal cusp ridge of each first premolar and one on the cusp tip of the right
canine. This approach, previously described in the literature [8], ensures reproduci-
bility and minimizes potential variability related to soft tissues or tray seating. Fur-
thermore, to reduce artefacts, all scans were obtained using the same intraoral scan-
ner and standardized protocol both before and after bonding. The registration and
subsequent measurements were confined to dental and palatal hard-tissue surfaces,
thereby eliminating any influence of intraoral soft-tissue distortion, which is inher-
ently lower in ex vivo cadaveric models compared to in vivo conditions.

Bracket positioning differences were evaluated in the vertical (occluso-gingival)
and horizontal (mesiodistal) planes. Measurement axes were defined according to
the schematic in Figure 4, with vertical and horizontal reference lines intersecting at
the center of the facial axis of the clinical crown of each tooth. Superimposed models
were visualized in the software’s measurement mode (Figure 5), enabling precise
quantification of deviations between bonding techniques. All measurements were
performed by a single calibrated examiner, with planes and points defined using the
“2D Measurements” tool in sagittal, axial, and coronal sections. The bracket base
served as the reference landmark in all analyses.

Figure 4: Schematic representation of horizontal and vertical measurements for
bracket positioning on a tooth surface. The dashed vertical line represents the verti-
cal measurement axis, and the dashed horizontal line represents the horizontal
measurement axis.
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Statistical analysis was performed using SPSS Statistics, version 28.0 (IBM Corp.,
Armonk, NY, USA, 2021). The Shapiro-Wilk test was applied to assess normality, and
the data were found to follow a normal distribution. Descriptive analysis was con-
ducted using mean and standard deviation (SD). To evaluate mean deviations be-
tween groups, a one-sample Student’s t-test was applied. A significance level of 5%
was adopted, and clinical differences of up to 0.5 mm were considered detectable
[16]. For a more comprehensive analysis, histogram plots were constructed. No sam-
ple size calculation was performed, as this was a pilot study.
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Figure 5: Superimposition of 3D dental models illustrating bracket positioning anal-
ysis. The images show horizontal (left) and vertical (right) measurement tools within
the 3Shape software, used to assess the spatial alignment between the superimposed
models.

While the minimal detectable change reflects the sensitivity of our measure-
ment system, the threshold for clinical acceptability is based on established ortho-
dontic standards. A deviation of up to 0.5 mm has been adopted as a clinically ac-
ceptable limit for linear bracket positioning errors, in accordance with the Objective
Grading System of the American Board of Orthodontics (ABO) and supported by re-
cent studies assessing bonding accuracy [16].

3. Results

A total of 58 teeth divided among 5 cadavers are detailed in the descriptive data
analysis, the mean differences between the bracket positions in direct and indirect
bonding, both in the maxilla and mandible, in vertical and horizontal planes, were
observed. The mean differences in millimeters (mm), standard deviations, and p-val-
ues are presented in Tables 1 and 2.

Table 1: Mean and standard deviation (in millimeters) of the differences between
direct and indirect bonding, and one-sample Student’s t-test for the maxilla.

Vertical Horizontal
Tooth Mean SD p value Mean SD p value
11 1.03 0.36 0.008* 0.38 0.23 0.84
12 0.82 0.32 0.02* 0.25 0.12 0.9
13 0.67 0.3 0.17 0.54 0.68 0.44
14 0.66 0.65 0.28 0.35 0.34 0.82
15 0.79 0.53 0.14 0.4 0.26 0.77
21 0.97 0.29 0.006* 0.19 0.13 0.96
22 0.74 0.73 0.22 0.52 0.29 0.41
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23 0.40 0.24 0.81 0.61 0.72 0.35
24 0.93 0.47 0.03* 0.35 0.26 0.88
25 0.26 0.11 0.9 0.31 0.08 0.9
Legend.: SD. standard deviation. (*): p < 0.05. Mean deviations of 0.5 mm were considered
for the statistical test.
Table 2: Mean and standard deviation (in millimeters) of the differences between
direct and indirect bonding, and one-sample Student’s t-test for the mandible.
Vertical Horizontal
Tooth Mean SD p value Mean SD p value
31 0.36 0.2 0.92 0.37 0.15 0.93
32 0.52 0.43 0.45 0.35 0.19 0.9
33 0.55 0.36 0.35 0.57 0.54 0.37
34 0.72 0.72 0.24 0.62 0.52 0.29
35 0.65 0.35 0.19 0.73 0.43 0.14
41 0.54 0.32 0.36 0.19 0.09 0,9
42 0.32 0.19 0.9 0.28 0.07 0,83
43 0.63 0.53 0.27 0.49 0.3 0.5
44 0.72 0.37 0.1 0.31 0.15 0.9
45 0.74 0.3 0.06 0.36 0.15 0.82

Legend.: SD. standard deviation. (*): p < 0.05. Mean deviations of 0.5 mm were considered
for the statistical test.

In the maxilla, the largest mean discrepancy in bracket positioning between di-
rect and indirect bonding was 1.03 + 0.36 mm (p = 0.008) in the vertical (occluso-
gingival) plane of tooth #11. All statistically significant vertical differences were
found in the maxillary teeth, specifically tooth #12 (0.82 + 0.32 mm, p = 0.02), tooth
#21 (0.97 £ 0.29 mm, p = 0.006), and tooth #24 (0.93 = 0.47 mm, p = 0.03), each
exceeding the accepted mean deviation threshold of 0.5 mm. The smallest vertical
mean value in the maxilla was 0.26 + 0.11 mm (p = 0.90) in tooth #25. No statistically
significant differences were observed in the horizontal plane for any maxillary tooth,
with the largest horizontal mean of 0.61 + 0.72 mm (p = 0.35) found in tooth #23 and
the smallest (0.19 * 0.13 mm, p = 0.96) in tooth #21.

In the mandible, no vertical or horizontal deviations reached statistical signifi-
cance. The largest vertical mean was 0.74 + 0.30 mm (p = 0.06) in tooth #45, while
the smallest was 0.32 = 0.19 mm (p = 0.90) in tooth #42. In the horizontal plane, the
highest mean was 0.73 * 0.43 mm (p = 0.14) in tooth #35, and the smallest values
were 0.19 £ 0.09 mm (p = 0.90) for tooth #41 and 0.28 + 0.07 mm (p = 0.83) for tooth
#42. Overall, the most significant differences were concentrated in the vertical axis
of the maxilla, particularly in the central and lateral incisors and first premolars, as
illustrated in the histograms in Figures 6 and 7.

\"%
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Figure 6: Differences between direct and indirect bonding in the maxilla along the

vertical and horizontal axes.
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Figure 7: Differences between direct and indirect bonding in the mandible along the
vertical and horizontal axes.
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4. Discussion

This ex vivo study demonstrated that indirect bonding with 3D-printed transfer
trays achieves superior accuracy in bracket placement compared to conventional di-
rect bonding, particularly in the horizontal (mesio-distal) plane. Deviations greater
than the clinically acceptable threshold of 0.5 mm were mainly observed in central
and lateral incisors and first premolars, while horizontal discrepancies were smaller
and not statistically significant. These findings indicate that the main clinical ad-
vantage of the digital indirect workflow lies in controlling horizontal positioning.

Our results are consistent with previous studies reporting improved precision
with CAD/CAM-assisted indirect bonding [9,16,17]. As von Glasenapp et al. [9], we
found that deviations were more pronounced vertically, likely due to the anatomical
complexity of the maxilla and the influence of tray adaptation. While deviations be-
low 0.5 mm may have limited clinical impact [17,18], the present data show that dig-
ital indirect bonding more consistently remains within or close to this threshold, re-
inforcing its value in esthetically critical regions and complex malocclusions. Con-
versely, earlier studies on conventional indirect bonding without digital support de-
scribed variable accuracy and inefficient workflows [7], underscoring the role of 3D
printing in overcoming such limitations.

This study has limitations such as the relatively small sample size and absence
of longitudinal follow-up prevent conclusions about clinical outcomes such as bond
failure [20,21] or long-term treatment efficiency [22,23]. All procedures were per-
formed by a single operator, which reduces variability but may introduce bias. Fur-
thermore, although cadaveric models provide greater clinical realism than typodonts
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[24], they cannot fully replicate intraoral conditions such as saliva, thermal cycling,
or patient movement.

Other additional factors influencing accuracy were noted by Pottier et al. [25]
and Jungbauer et al. [26], authors emphasized the importance of tray design and
manufacturing materials, while Li et al. [27] suggested that clinical experience may
play a lesser role when digital transfer devices are employed. Nichols et al. [28] and
Sabbagh et al. [29] also confirmed the reproducibility and reliability of indirect bond-
ing protocols, supporting their clinical applicability. Furthermore, Xue et al. [30] and
Zhang et al. [31] demonstrated that CAD/CAM-based trays and multilayer guide
plates enhance bracket positioning accuracy.

From a biomechanical perspective, the improved accuracy of indirect bonding
can be attributed to the guided positioning provided by transfer trays [6,9], which
minimizes errors in determining the facial axis of the clinical crown and bracket
height [1,11,16]. In addition, tray design helps reduce the effects of soft tissue inter-
ference [1] and limited visual access, challenges that are particularly relevant in pos-
terior and maxillary regions [24]. In contrast, direct bonding remains vulnerable to
vertical misplacement, even in the hands of experienced clinicians, due to anatomical
variability, working angles, and lighting conditions [27]. By using fresh cadavers, our
study reproduced these challenges under near-clinical conditions, offering results
that may be more representative than those obtained with typodonts.

Clinically, enhanced horizontal accuracy with 3D-printed indirect bonding may
reduce the need for bracket repositioning, minimize compensatory wire bends, and
shorten overall treatment time. Even small deviations can compromise shear bond
strength [20,32] and long-term stability [19,21,33], highlighting the importance of
precise bonding protocols. Improved precision in esthetically demanding regions
also has the potential to optimize smile outcomes and increase patient satisfaction,
while the reproducibility of digital setups facilitates interdisciplinary communica-
tion and treatment planning [22,23,30].

Future studies should include a larger number of specimens to ensure adequate
statistical power and external validity. Sample-size estimations indicated that as few
as 3-7 paired teeth may be sufficient to detect clinically relevant differences of 0.5
mm under ideal assumptions. However, because teeth within the same cadaver are
clustered and not fully independent, we recommend that future definitive trials in-
clude at least 10-12 cadavers, each contributing multiple teeth. This design would
allow robust modeling of within-cadaver correlation, provide greater generalizabil-
ity, and strengthen the evidence regarding the accuracy of direct and indirect digital
bonding protocols.

Finally, the use of cadaveric ex vivo models provide a biologically realistic plat-
form that bridges the gap between laboratory studies and in vivo clinical trials. As
demonstrated in literature [34], such models allow for near-clinical testing of devices
without ethical concerns. Our study extends this rationale to bracket placement ac-
curacy and may serve as a foundation for future randomized clinical trials.

5. Conclusion

Indirect bonding with 3D-printed trays showed superior accuracy in bracket po-
sitioning compared to direct bonding, especially in the horizontal plane. This tech-
nique may offer clinically relevant advantages in enhancing bonding precision in or-
thodontics.

Funding: None.

Research Ethics Committee Approval: Data collection for this study began after
approval from the Research Ethics Committee of the Pedro Ernesto University Hos-
pital (CEP/HUPE) of the State University of Rio de Janeiro (UER]) (Approval No. ap-
proval number 6.996.981 (CAAE: 80185124.2.0000.5259).



Accuracy of Direct and Digital Indirect Orthodontic Bonding Using 3D Printed Transfer Trays: An Ex Vivo Study on Fresh Human Cadavers 10 de 11

Acknowledgments: The authors would like to express their sincere gratitude to
Compass 3D company, for the technical guidance and support during the digital plan-
ning and 3D printing process.

Conflicts of Interest: None.

Supplementary Materials: None.

References

1.

10.

11.

12.

13.

14.

15.

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):714-21. doi:10.1016/j.0rtho.2020.09.007.

Sabbagh H, Hoffmann L, Wichelhaus A, Kessler A. Einfluss des Designs von 3D-gedruckten
Brackettransferschienen und der Berufserfahrung auf die Genauigkeit der indirekten
Bracketplatzierung. ] Orofac Orthop. 2024;27. doi:10.1007 /s00056-024-00517-2.

El-Timamy AM, El-Sharaby FA, Eid FH, Mostafa YA. Three-dimensional imaging for indirect-direct
bonding. Am ] Orthod Dentofacial Orthop. 2016;149(6):928-31. d0i:10.1016/j.ajodo.2015.12.009.
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-
71.d0i:10.2319/040821-283.1.

Koo BC, Chung CH, Vanarsdall RL. Comparison of the accuracy of bracket placement between direct
and indirect bonding techniques. Am ] Orthod Dentofacial Orthop. 1999;116(3):346-51.
doi:10.1016/S0889-5406(99)70248-9.

Jacobson A. A randomized clinical trial comparing the accuracy of direct versus indirect bracket
placement. Am ] Orthod Dentofacial Orthop. 2005;127(5):639. doi:10.1016/j.ajodo.2004.11.009.
Castilla AE, Crowe J], Moses JR, Wang M, Ferracane JL, Covell DA. Measurement and comparison of
bracket transfer accuracy of five indirect bonding techniques. Angle Orthod. 2014;84(4):607-14.
doi:10.2319/070113-484.1.

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):92-9. d0i:10.2319/030919-176.1.

von Glasenapp J, Hofmann E, Siipple |, 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. d0i:10.3390/jcm11051295.

Czolgosz I, Cattaneo PM, Cornelis MA. Computer-aided indirect bonding versus traditional direct
bonding of orthodontic brackets: bonding time, immediate bonding failures, and cost-minimization.
A randomized controlled trial. Eur ] Orthod. 2021;43(2):144-51. d0i:10.1093/ejo/cjaa045.
Nguyen VA, Nguyen TA, Doan HL, Pham TH, Doan BN, Pham TTT, et al. Transfer accuracy of partially
enclosed single hard vacuum-formed trays with 3D-printed models for lingual bracket indirect
bonding: a prospective in-vivo study. PLoS One. 2025;20(1):e0316208.

Soares Ueno EP, de Carvalho TCA da SG, Kanashiro LK, Ursi W, Chilvarquer I, Neto JR, et al.
Evaluation of the accuracy of digital indirect bonding vs. conventional systems: a randomized
clinical trial. Angle Orthod. 2025;95(1):3-11. d0i:10.2319/030624-179.1.

Bezerra PM, Borba MN, Guerriero ICZ, Dallari SG. Ethical and legal analysis of scientific research on
corpses in Brazil. Rev Bioet (Impr). 2020;28(3):554-64. doi:10.1590/1983-80422020283420.
Mohlhenrich SC, Brandt M, Kniha K, Prescher A, Holzle F, Modabber A, et al. Accuracy of orthodontic
mini-implants placed at the anterior palate by tooth-borne or gingiva-borne guide support: a
cadaveric study. Clin Oral Investig. 2019;23(12):4425-31. d0i:10.1007 /s00784-019-02885-1.
Pliska A, Schiavon L, Brunello G, Wilmes B, Schwarz-Herzke B, Drescher D, et al. Accuracy of two
variants of 3D-printed insertion guides for orthodontic mini-implants: an ex vivo study in human
cadavers. Appl Sci. 2023;13(16):9162. doi:10.3390/app13169162.



Accuracy of Direct and Digital Indirect Orthodontic Bonding Using 3D Printed Transfer Trays: An Ex Vivo Study on Fresh Human Cadavers 11 de 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Aboujaoude R, Kmeid R, Gebrael C, Amm E. Comparison of the accuracy of bracket positioning
between direct and digital indirect bonding techniques in the maxillary arch: a three-dimensional
study. Prog Orthod. 2022;23(1). doi:10.1186/s40510-022-00426-3.

Bachour PC, Klabunde R, Griinheid T. Transfer accuracy of 3D-printed trays for indirect bonding of
orthodontic brackets. Angle Orthod. 2022;92(3):372-9. d0i:10.2319/073021-596.1.

Bozelli ]V, 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.
Dent Press ] Orthod. 2013;18(6):51-7. d0i:10.1590/s2176-94512013000600009.

Deahl ST, Salome N, Hatch JP, Rugh ]JD. Practice-based comparison of direct and indirect bonding.
Am ] Orthod Dentofacial Orthop. 2007;132(6):738-42. doi:10.1016/j.ajod0.2006.01.037.

Aguirre M], King G], Waldron JM. Assessment of bracket placement and bond strength when
comparing direct bonding to indirect bonding techniques. Am ] Orthod Dentofacial Orthop.
1982;82(4):269-76.d0i:10.1016/0002-9416(82)90461-4.

Hocevar RA, Vincent HF. Indirect versus direct bonding: bond strength and failure location. Am ]
Orthod Dentofacial Orthop. 1988;94(5):367-71. d0i:10.1016/0889-5406(88)90125-4.

Al-Ubaydi ASh, Al-Groosh D. Do the various indirect bonding techniques provide the same accuracy
for orthodontic bracket placement? (Randomized clinical trial). Int ] Dent. 2024;2024(1).
doi:10.1155/2024/5455197.

Kalia A, Hegde A, Bobade S, Khan AA. CBCT imaging for bracket positioning with consideration to
root axes. ] Indian Orthod Soc. 2024;58(2):205-8. doi:10.1177/03015742231222684.

Israel M, Kusnoto B, Evans CA, BeGole E. A comparison of traditional and computer-aided bracket
placement methods. Angle Orthod. 2011;81(5):828-35. d0i:10.2319/072110-425.1.

Pottier T, Brient A, Turpin YL, Chauvel B, Meuric V, Sorel O, 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):3889-97. d0i:10.1007 /s00784-020-03256-x.
Jungbauer R, Breunig ], Schmid A, Hiifner M, Kerberger R, Rauch N, et al. Transfer accuracy of two
3D-printed trays for indirect bracket bonding—an in vitro pilot study. Appl Sci. 2021;11(13):6013.
doi:10.3390/app11136013.

Li B, Wang P, Zheng Q, Huang L, Hu S, Han X, et al. Does clinical experience affect the bracket bonding
accuracy of guided bonding devices in vitro? Angle Orthod. 2024;94(1):59-67.

Nichols DA, Gardner G, Carballeyra AD. Reproducibility of bracket positioning in the indirect
bonding technique. Am ] Orthod Dentofacial Orthop. 2013;144(5):770-6.

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. ] Clin Med.
2022;11(9):2568.d0i:10.3390/jcm11092568.

Xue C, Xu H, Guo Y, Xu L, Dhami Y, Wang H, et al. Accurate bracket placement using a computer-
aided design and computer-aided manufacturing-guided bonding device: an in vivo study. Am ]
Orthod Dentofacial Orthop. 2020;157(2):269-77. d0i:10.1016/j.ajod0.2019.03.022.

Zhangy, YangC, LiY, Xia D, Shi T, Li C. Comparison of three-dimensional printing guides and double-
layer guide plates in accurate bracket placement. BMC Oral Health. 2020;20(1).
doi:10.1186/s12903-020-01110-w.

Yi GK, Dunn W], Taloumis L]J. Shear bond strength comparison between direct and indirect bonded
orthodontic brackets. Am ] Orthod Dentofacial Orthop. 2003;124(5):577-81. doi:10.1016/S0889-
5406(03)00503-1.

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

Shavakhi M, Soltani P, Aghababaee G, Patini R, Armogida NG, Spagnuolo G, et al. A quantitative
evaluation of the effectiveness of the metal artifact reduction algorithm in cone beam computed
tomographic images with stainless steel orthodontic brackets and arch wires: an ex vivo study.
Diagnostics. 2024;14(2):159. d0i:10.3390/diagnostics14020159.



