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Introduction
Indirect bonding in orthodontic is a method of bracket 

placement in which the brackets are placed simultaneously on 
the patient’s teeth. Good design and precise operation could lead 
to better treatment results and shorter treatment times. In recent 
years there has been an increase interests in the research of indirect 
bonding procedure. The ideal bracket placement will correct tooth 
positions in 3 planes during treatment [1,2]. [3] have enumerated 
4 elements that demand attention when positioning brackets (1) 
bracket base adaptation to the contour of tooth surface (2) the 
rotational position of each bracket from the occlusal direction (3) 
the vertical position of each bracket (4) the desired slot angulations 
of each bracket by evaluating the position of the roots [3]. Hodge 
et al stated that there was no significant difference between the 
mean errors or risks produced by the indirect or direct bonding 
method for bracket placement [4,5]. Several other studies shown 
that indirect bonding is a more accurate and efficient technique for 
bracket placement [6,7]. Many factors might affect the clinician’s  
precision in bracket position, such as experience, sharpness of sight  

 
and manual dexterity. Using transfer trays can reduce the impact 
of human operation. Transfer trays are individually designed on a 
computer and produced with a rapid prototyping procedure [8]. 
So, the technology of improving bracket placement accuracy still 
should be explored. Computer-Aided Design (CAD), Computer-
Aided Manufacturing (CAM) and Rapid Prototyping (RP) are high-
tech procedures used in stomatology [8-11]. Various utilities and 
methods have been developed for indirect bonding and precise 
bracket placement [12,13]. Recent imaging techniques have 
allowed complete visualization of different tissues in 3 dimensions. 
CBCT imaging could provide detailed images of the bone and 
be performed to evaluate diseases of the jaw, dentition, bony 
structures of the face, nasal cavity, nerve canals and sinuses. Based 
on the CBCT data, the anatomical information of mandibular canal, 
root and crown were reconstructed [14]. With three-dimensional 
scanner, all the surface information of the dental cast models can be 
got. Doctors could make more accurate treatment for maintaining 
crown and root in their new position [15]. To help the clinician save 
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Abstract
Objective: This paper introduces a method to make a transfer tray for indirect bracket bonding by using the Three-Dimensional 

(3D) software packages. Using the advanced technology of Computer-Aided Design (CAD) and Rapid Prototyping (RP) technology 
to reduce chair time and improve the bonding precision in orthodontics.

Method: The procedure included data acquisition of cast model and CBCT data. With the data, the tooth was segmented one by 
one, and the segmented data was saved as Stereolithography (STL) files. The tooth data and the cast data could be seen in a same 
3D digital software and with the data the bracket position was decided by doctors. The transfer tray was designed in a reverse 
engineering software and printed by a 3D printing device.

Result: The method was used to make an individualized transfer tray in orthodontics.
Conclusion: With 3D scanning, CAD and RP technology, an efficient method of transfer tray production was established, which 

could meet clinical needs in indirect bonding of orthodontic and achieve a high efficiency and accuracy
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time and achieve more accurate bracket placement, in this study, 
two commercial software packages, Geomagic Studio 2012 (3D 
Systems, USA) and Amira 5.4 (VSG, Visualization Sciences Group, 
Germany) were used to complete the CAD process for a transfer 
tray of indirect bonding.

Materials and Methods
Tools

a. Software: Amira 5.4 (VSG, Visualization Sciences Group, 
Germany), 3Shape 3D Viewer (3Shape Company, Denmark), 
Geomagic Studio 2012 (3D Systems Company, America).

b. Hardware: CBCT (DCT Pro, Vatech & EWOO Group, South 
Korea), Activity102 3D Scanner (Smart Optics Company, 

Germany).

Data Processing

Data acquisition

One male patient was selected as the experimental subject. 
The maxillary CBCT scans were performed on the i-CAT Imaging 
system. The scanning conditions were constant with 360 rotation. 
Images were obtained using the following protocol: field of view, 
200×190mm2; 90Kvp; 144mA; scan time, 24s; voxel size, 0.4mm. 
Scanning conditions were constant with 360 rotation. All data 
were saved in the DICOM 3.0 format. All the data of the models 
were saved as Stereolithography (stl) files. The plaster model was 
scanned by Activity102 3D Scanner and the scanned data was saved 
as ‘Model_Maxillary.stl’ and ‘Model_ Mandibular.stl’ Figure 1.

Figure 1: 3D data of the maxillary and mandibular dental casts and their relation to the jaw

Teeth Segmentation

Amira 5.4 software was used to segment the CBCT data, and the 

tooth was segmented one by one manually. Then the data was saved 
as ‘Teeth_ Maxillary.stl’ and ‘Teeth_ Mandibular.stl’.

Registration

Figure 2: Cast models and the teeth data after registration in Geomagic Studio 2012
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The registration was linear transformation which include 
rotation and translation. With the software of Geomagic Studio 
2012, using the ‘Manual Registration’ settings, fixed the model data 
and aligned the teeth and models data, so the stl data of teeth and 
the models were in a same coordinate system Figure 2.

Orthodontic bracket placement in the software

Orthodontists strive for accurate bracket positioning and hope 
it can achieve a superior occlusion easier. Doctors assessed the 
bracket positioning early in treatment by clinical and radiographic 
evaluations. After the teeth segmentation, doctors could see the 
crown and root at the same time. With all the information, all the 
brackets were put in the correct position for clinical height and 
angulation by doctors in the software of Geomagic Studio 2012.

CAD of transfer tray

All the designed data was stored in the reverse engineering 
software of Geomagic Studio 2012, using an interactive selection 
tools command, the area of occlusal surface of the teeth was 
extracted and trimmed Figure 3a. The trimmed surface was then 
offset along the normal direction by 1.2mm, forming an interior 
surface of the transfer tray. To create the solid 3D model of the 
transfer tray body, a 1.2-mm shell of the interior surface of the tray 
was drawn out. Within the Boolean command, the transfer tray body 
was subtracting by bracket, so a new object was created. Figure 3b 
All this process was made manually one by one tooth or more than 
one tooth. Each transfer tray was tagged with tooth information. 
Figure 3c So all the transfer tray was made. The designed transfer 
tray data was then saved in the STL file format Figure 3d.

Figure 3: The CAD process of transfer tray in Geomagic 2012, 

a. is the extracted tooth surface,

b. is the transfer tray body which was subtract by bracket

c. is the transfer tray was tagged with tooth information

d. is all the designed transfer tray data of maxillary.
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3D printing

The CAD transfer tray data was imported into a computer 

system connected to the 3D printer (Objet30 Pro, Stratasys, Israel), 
and the transfer tray was printed layer upon layer at 16μm/layer 
using Vero Clear filament Figure 4.

Figure 4: The transfer tray printed by 3D printer

Results
The method could be used to make an individualized transfer 

tray in orthodontics within the digital method. From imaging to 

CAD and manufacture technologies, the transfer tray can be made 
feasibly. Figure 5 The entire design process took approximately 2 
min for each tooth transfer tray.

Figure 5: Doctor secured brackets to the model with the printed transfer tray.
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Discussion and Conclusion 
This paper proposes a reverse engineering method for the 

design of transfer tray and based on the scanned models and bracket 
models. The data for the transfer tray design are based on the 
results of the scanned plaster model and the design process could 
base on one or more teeth which decided by doctors, so the transfer 
tray and the teeth will fit well, and it is convenient for doctors to 
remove it after bonding. The advantages of this design flow are that 
doctors can position the bracket based on tooth root data and crown 
data, which could avoid the hidden danger that teeth roots move 
to outside the cortex during the treatment. The results show that 
the design has higher bonding efficiency and precision. In future, 
the individual designs can meet clinical application requirements 
better with this method.
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