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ABSTRACT

Obijectives: to compare the accuracy of bracket placement using L shaped printed guide and digital indirect tray using
virtual models.

Methods: This randomized clinical trial included 20 patients selected from the orthodontic outpatient clinics at Al-Azhar
University, Assiut. Patients with full permanent dentition with complete clinical crown height and no previous orthodontic
treatment were randomly assigned to receive bracket bonding by L shaped guide and digital indirect tray to obtain virtual
models prebonding and post bonding to detect the deviation (linear and angular) of brackets for two methods. The variables
were measured for each patient in each group for incisors, canines, and premolars.

Results: The guided group showed less deviation than indirect group with significant difference between them present at
all linear variables for all teeth except for premolar at mesiodistal deviation while angular deviation showed only
differences in some brackets for certain teeth.

Conclusion: Guided method provided more precise technique for bracket bonding at accurate position at different planes
when compared to indirect tray method.
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1. INTRODUCTION

At present, the preadjusted bracket appliance is the most employed orthodontic treatment modality. This technique relies
on precise bracket placement to achieve ideal occlusion, appropriate faciolingual torque, and correct mesiodistal tip using
a straight wire(1, 2).

Direct bonding of orthodontic brackets represents the most commonly used clinical procedure in orthodontics.(3-5) This
method involves a single-step placement of brackets directly onto the teeth. Typically, brackets are positioned at the center
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of the clinical crown, aligning the mesiodistal borders of the bracket base with the crown’s long axis and positioning the
slot center at the crown midpoint. In some straight-wire techniques, bracket placement varies according to the tooth type,
with adjustments in the vertical distance from the incisal edge while preserving alignment with the crown’s long axis(6)..

Precision in bracket placement is a critical factor in achieving successful orthodontic results. Proper bracket positioning
enhances biomechanical efficiency and ensures more predictable treatment outcomes(-1?,

Conversely, inaccurate bracket positioning in modern straight-wire systems using preadjusted appliances increases
treatment time due to the need for repeated wire adjustments or rebonding procedures® 11-14),

Computer-aided design and manufacturing (CAD/CAM) technology facilitates the creation of customized orthodontic
devices through 3D printing and advanced digital image manipulation. This technique ensures precise and efficient aligner
fabrication. Digital processes such as virtual bracket debonding, indirect bonding tray design, and customized appliance
fabrication are integral to retainer production. The workflow includes digital intraoral scanning, software-based image
modification, and 3D printing of the final appliances> 16),

Advances in digital orthodontics have significantly enhanced clinical outcomes by reducing chairside time, improving
bonding accuracy, and accelerating treatment progress. Establishing a balanced occlusion after treatment requires precise
biomechanical control, accurate bracket placement, careful planning, and reliable diagnostic tools. Proper bracket bonding
plays a vital role in distributing occlusal forces evenly during mastication and in achieving optimal esthetics. Furthermore,
root parallelism, aligned dentition, and leveled marginal ridges are fundamental to maintaining functional stability®?".

A comprehensive and systematic diagnosis is the cornerstone of optimal bracket placement. Both conventional straight-
wire appliances and modern computer-assisted orthodontic systems utilizing customized brackets and robotically bent
wires rely on the accurate transfer of planned bracket positions. As a result, a variety of bracket placement tools and transfer
trays have been developed to ensure precise positioning on the teeth8-23),

Recent advancements in digital modeling, intraoral scanning, and 3D printing have expanded the possibilities for accurate
bracket placement. To address the limitations of traditional bonding methods, several digitally guided tray and guide
fabrication techniques have been proposed, with the orthodontist retaining full control over the design and manufacturing
stages®),

In present study, we compared the accuracy of brackets bonding between L shaped guided method and indirect bonding
tray. The null hypotheses of the study were that there is no difference between two methods of brackets bonding.

2. MATERIALS AND METHODS
Study Design: Randomized clinical trial.
Ethical Consideration

The study received ethical approval from the Faculty of Dental Medicine's Institutional Review Board
(AUAREC20220007-3).

Participants

Participants were selected from Al-Azhar University's Orthodontic Clinic, faculty of dental medicine (Assiut branch).
Eligibility was based on strict inclusion and exclusion criteria.

Inclusion Criteria:

1.Presence of a full complement of maxillary dentition from first molar to first molar.
2.Good oral hygiene.

3.Healthy periodontium.

4. Spaced upper arch or crowding no more than 4 mm.

Exclusion Criteria:

1.Presence of primary teeth or crowding more than 4mm.
2.Missed permanent tooth from first molar to first molar.
3.Malformed teeth or impacted teeth.

4.Enamel fluorosis.

5.Partially erupted tooth or restored tooth.

6.Tooth with major rotation impeding proper bracket positioning.

Sample size calculation:
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Based on previous study ® and Using G power statistical power Analysis program (version 3.1.9.4) for sample size
determination, A total sample size (n=16) was sufficient in the study to detect a large effect size (f)= 0.4580 between two
group, with an actual power (1-p error) of 0.85 (85%) and a significance level (a error) 0.05 (5%) for two-tailed hypothesis
test. The sample size was increased by 20% to compensate for possible patient drop-out, giving a total of n=10 for each
group

Grouping and randomization:

The patients were randomly divided into two groups.

Group (I): L shape guide bracket placement group.

Group (11): Indirect bracket placement group using bonding tray.

Intervention:

For each patient included in the present study, digital impressions of the dentition were obtained using Maestro 3D
software. The bracket placement function was then activated, and three reference points were marked by the operator on
the incisal edge of the incisor and the buccal cusps of the right and left first molars to establish the occlusal plane. Based
on the clinical crown morphology, the software automatically identified and locked the facial axis (FA) points and centers
of rotation for each tooth. Subsequently, 0.022-inch preadjusted edgewise brackets (Discovery Smart brackets, Dentaurum,
Germany) with Roth prescriptions were selected from the software library. The bracket positions were verified and saved
as STL files, which were then transferred to the Appliance Designer module of the Real Guide software for bonding guide
fabrication. Once the virtual bracket placement has been confirmed the virtual model for the upper arch with the bracket
on it has been saved as reference model (M1) Figure (1)

Figure (1): showed scanned dentition on the software and virtual model (M1)

For group (1): A new digital workflow was implemented to design the direct guided bonding device, which is composed
of an occlusal shell, an L-shaped guide, and a connecting bar connecting the two components. Figure (2)

Figure (2): showed components of the guided. (a) occlusal shell, (b) L-shaped guide, (c) connecting bar

After finalizing the guide design, the device was exported in STL format for 3D printing. Fabrication of the guided bonding
device was carried out using a NextDent 5100 3D printer and Ortho Clear resin. Figure (3)
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Figure (3): showed 3D printed guided bonding device.
Bonding was carried out using the guided bonding appliance, and patients were asked to bite on cotton rolls to confirm
accurate adaptation of the device to the dentition. After completing standard etching and adhesive application steps, a thin
layer of orthodontic composite (Green Gloo, Ormco) was applied to the base of each 0.022-inch preadjusted edgewise
bracket. Figure (4)

Figure (4): Showed bracket placement according to device and brackets adaptation to the L-shape guide
horizontally and vertically.
It was important to adjust the vertical and horizontal position of the brackets so that the brackets would perfectly fit into
the customized L-shaped guide. After curing all brackets, it was easy to remove the guided bonding device through its path
of insertion by Using a dental probe.

For group (11): The virtual bracket transfer tray was designed on (M1). A tray has thickness of 0.75 mm and covers the
incisal/occlusal surfaces as well as part of palatal surface of each tooth. Facially, the tray overlapped the brackets gingival
to the bracket slot. Figure (5)

:- Upper jiw [Scamed mosd) v Lowee jiw (SCamnsd mode) v H. f A Uppor jow (Scannod model) v Lowed jaw (Searead modd) v = 3

Figure (5): Showed Transfer tray designing occlusal and frontal view.
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The transfer tray with support structures was printed using LD-006 3D printer (Creality, Shenzhen, China) and
biocompatible flexible resin for group Il. Support structures were removed from the 3D-printed tray then sectioned in the
midline into two halves.

Brackets were carefully positioned inside respective molds in the transfer tray, A thin layer of Grengloo adhesive (ORMCO,
California, USA) was applied to the bracket’s base and homogenously dispersed with a micro brush and a thin layer of
Ortho solo™ (ORMCO, California, USA). Figure (6)

Figure (6): showed Transfer tray loaded with brackets.
Transfer tray loaded with brackets was then inserted and completely seated over the teeth after preparation of the upper
arch with etching and bond, one quadrant at a time, and gently fixated manually during curing with I-led curing light
(Woodpecker, Guangxi, China). Figure (7)

Figure (7): showed transfer tray insertion, curing and removing.

Intra oral scanning of the bonded brackets was made for groups of the study to provide a post-transfer STL file that was
saved for subsequent superimposition.

Pre-bonding model (M1) and post-bonding virtual model (M2) were prepared and superimposed using GOM inspect
software. The X, Y, and Z-axes were manually added to each bracket creating a local coordinate system in pre and post
bonding records in both groups.

The X-axis represented the mesiodistal dimension, the Y -axis represented the buccolingual dimension, while the Z-axis
represented the occluso-gingival dimension. The deviations between pre and post bonding virtual models in both groups
were quantified in reference to the local coordinate systems in two linear values (millimeter) and two angular values
(degrees) along the axes X, Y and Z.
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Measurements:

The linear deviations of brackets position, measured in millimeters, were as follows:
Mesio-distal

Occluso-gingival

The angular deviations of brackets position, measured in degrees, were as follows:
Tip

Rotation

Statistical Analysis

Data of different variables of samples were collected for the prebonding virtual cast and post bonding virtual cast and for
each group to make comparison between two methods to evaluate deviation at all planes. Data were analyzed using IBM
SPSS Statistics version 22.0 (IBM, Armonk, NY). Data normality was checked via distributional diagrams and Shapiro-
Wilk test. For the outcomes, which were normally distributed, descriptive statistics were given mean + SD. Independent
Samples Test was used to compare between two different groups.

Results:
Deviation Analysis showed in table (1) and table (2).

There were less deviations recorded for guided group as compared with indirect method either in the linear deviation or
the angular one except for.

The mesiodistal and occlusogingival deviation showed significant differences between guided method and indirect method
with all teeth except premolars at mesiodistal deviation there were non- significant difference.

As regard to angular deviation, there were non- significant difference between two groups except for canine at tip deviation
and incisors at rotation deviation where there were significant differences with less deviation at indirect method group.

Table (1): Show comparison between two groups for different linear deviation:

Deviation | Mesio-distal (mm) Occluso-gingival (mm)
Deviation Deviation
Groups G G (I p value G G (I p value
Mean+SD Mean+SD Mean+SD Mean+SD
Incisors (.167+.064) (.310+.014) 000% | (.220+.144)  (.342+.032) .018*
Canine (.191+.133)  (.312+0.033) 012% | (.117+.064) (.356+.021)  .000*
Premolars (.199+.188) (.316+.028) .069NS | (.169+.067) (.364+.022) .000*

G; group, SD; standard deviation, * significant difference, NS; non-significant difference

Table (2): Show comparison between two groups for different angular deviation:

Deviation | Tip (°) Rotation (°)
Deviation Deviation
Groups G®) G (I p value G () G (1) p value
Mean+SD Mean+SD Mean+SD Mean+SD
Incisors (1.97+.645)  (1.55+.103) .061NS | (1.98+.478) (1.22+.014) .000*
Canine (1.01+.486) (1.62+.048) .001* | (1.31+.424) (1.22+.041) .513NS
Premolars (1.46+£.525) (1.65+.070) .268NS | (1.57+.576) (1.23+.062) .079NS

G; group, SD; standard deviation, * significant difference, NS; non-significant difference
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In guided group, the lowest deviation in linear measurements was in mesiodistal deviation (canines) with a mean of .117
mm, while the highest deviation was reported in occlusogingival deviation (incisors) with a mean of .220 mm. In angular
measurements, the lowest deviation was in tip deviation (canines) with a mean of 1.01°, while the highest deviation was
reported in rotation deviation (incisors) with a mean of 1.98°.

In indirect group, the lowest deviation in linear measurements was in the mesiodistal deviation (incisors) with a mean of
.310 mm, while the highest deviation was reported in occlusogingival deviation (premolars) with a mean of .364 mm. In
angular measurements, the lowest deviation was in rotation deviation (incisors) with a mean of 1.22°, while the highest
deviation was reported in tip deviation (premolars) with a mean of 1.65°.

3. DISCUSSION:

The most popular orthodontic therapy technique nowadays is the preadjusted bracket system. The fundamental idea behind
the preadjusted technique is that when the brackets are positioned correctly, the teeth can be placed into an occlusal contact
with excellent faciolingual inclination (torque) and mesiodistal inclinations (tips) using a straight wire® 2,

To avoid the adverse effect caused by incorrect bracket positioning with pre-adjusted appliances which leads to increased
treatment time, due to the need for either several wire bending steps or bracket rebonding, accurate bracket placement must
be performed® 11-14),

To accurately transfer the planned bracket placement to patients' teeth, several types of transfer trays have been created
utilizing computer technologies such CBCT, CAD/CAM, and 3D printing®%-29), However, the effectiveness of such devices
may be questioned in relation to their precision, reliability, degree of technological know-how, and fabrication cost 2530,

The current study therefore established simple digital technology for precise and reliably placing orthodontic brackets
directly, comparing its accuracy to that of indirect bonding technique.

Virtual bonding was carried out in both groups using the Ortho Analyzer module (Maestro 3D software). An easy
workflow, from teeth segmentation to bracket validation step, was used to ensure that brackets were placed correctly and
accurately with simulation of the orthodontic teeth movement. The Auto segmentation property allowed for automatic
virtual positioning of the brackets with operator ability to adjust the positional errors before validation of the virtual
bonding. Additionally, this software has a large library of bracket systems®L 32,

Virtual designing and direct printing of the transfer trays was used in this study to eliminate the need for transfer model
printing, reduce the consumed material, save time, and enable that the entire process is virtual until the actual printing of
the bracket transfer tray.

To precisely locate the brackets, the guided bonding device was created using the Appliance Designer panel of Real guide
software (real guide v5.3, 3diemme- Italy) Utilizing intra-operative position control during bracket placement, the guided
bonding device capitalized on the direct bonding technique. Additionally, the guide was 3D printed directly rather than
using models and then building the tray, which saved a lot of time and money.

The design of the guide was L shape which incircle the bracket form two sides only (distal and occlusal), so we can easily
remove any excess composite flash to avoid plaque buildup and maintain the integrity of the enamel surface. And there
was adequate distance between the guide and labial surface of the tooth that ensure complete curing of the adhesive was
achieved®,

The linear outcomes of group Il were higher than those found by Faus-Matoses et al.®? in which the mean mesio-distal
deviation was 0.065 + 0.081 mm, and the mean vertical deviation was 0.094 + 0.147 mm.; and Park et al.®® when evaluated
the accuracy of a CAD/CAM-fabricated one-piece bracket jig system, in which the average linear measurements ranged
from 0.029 to 0.101 mm.; and Kim et al.®» which varied between 0.09 + 0.01 mm for mesiodistal error and 0.19 = 0.2 mm
for occlusogingival error using transfer jigs fabricated by CAD/CAM; and Pottier et al.®® when they compared 3D printed
tray with silicon transfer tray, the mean transfer errors for 3D printed tray in MD and OG directions were 0.198 + 0.110
mm. and 0.197 £ 0.233 mm. respectively.

Both groups' actual bracket positions following bonding were compared to the planned bracket positions determined by
the software. The results of the current study showed that, despite the presence of a positional deviation in both groups, all
the resultant deviation values in indirect bonding group and the digitally assisted direct bonding group fell within the
clinically acceptable range of deviations (0.5 mm for the linear and 2 for the angular), as established by Grunheid et al®®?,
so the digitally aided approach can be used confidently in daily clinical practice by orthodontists despite of the
resultant deviations.

In agreement with Xue et al.,® the current study's findings demonstrated that the brackets in group | were precisely
positioned by the guided bonding device in both the occlusal-gingival and mesio-distal planes. During the design process,
the L-shape part was customized around the bracket boundaries using the software's model subtraction capability, which
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assured a perfect fit of the brackets into the resulting indentation of the L-shape part. This ensured positional accuracy both
horizontally and vertically. Additionally, the 0.01 mm offset that was included in the shell design reduced the brackets'
occluso-gingival deviations by perfectly fitting the shell over the teeth. While the found bucco-lingual deviations were due
to difference between the amount of adhesive paste used on each bracket base and that was previously simulated
on the software.

The digitally assisted group's linear readings (group 1) were opposite to Kim et al.® findings, who discovered a maximum
vertical positional error of 0.71 mm, which is higher than the range that is considered clinically acceptable. A free space
between the tray and the teeth resulted from the cusp tip recontouring's inaccuracy, which caused the vertical error.

This incisal/occlusal bias of group Il corroborates the outcomes of Niu et al.®® and Castilla et al.” and explained their
results by inadequate tray seating due to a minor lack of alignment between the bracket and the hard transfer tray, and by
deficient vertical pressure on the tray during the light-curing procedure.

There is a limitation of the current study is the learning curve needed to use virtual bonding, intraoral scanners, and software
to create customized appliances. Soon, all orthodontic accessories will probably be digital, though, as software systems
become more affordable and simpler to use in routine practice.

4. CONCLUSION:
Within the limitation of the present study, we concluded the following:

There were differences between two methods of bonding with more accuracy for L shape guided groups.

Guided method provided more precise technique for bracket bonding at accurate position at different planes when
compared to indirect methods.

The guided direct bonding method employed in this study was precise, reliable, and fell within the range of clinically
acceptable errors without immediate bonding failure.

The customized L shape guide used in this study reduced the number of positional errors that could occur during bracket
placement using the traditional technique in both linear and angular directions
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