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Rapid prototyping: A new method of preparing
trays for indirect bonding
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This article describes a new method of preparing trays for indirect bracket bonding. Computer-aided
technology is used to design the individualized trays, which are then produced with a rapid prototyping
procedure. Application in clinical practice and the advantages of time savings and accurate bracket

placement are discussed. (Am J Orthod Dentofacial Orthop 2006;129:75-77)
Precise bracket positioning expresses the full
potential of the straight-wire orthodontic appli-
ance and leads to better treatment results and

shorter treatment times.1 The accuracy of bracket
placement with both direct and indirect bonding tech-
niques has been investigated,2 and no statistically
significant differences have been found between the 2
procedures in regard to angulation, mesiodistal posi-
tion, or shear bond strength.3,4

Regardless of whether the direct or the indirect
technique is used, occasional minor positioning errors
in initial bracket placement are inevitable.5,6 However,
high-tech procedures involving computer-aided design/
computer-aided manufacturing (CAD/CAM) processes
could help reduce the number of errors.7

Rapid prototyping is a high-tech procedure in which
a solid object is produced from a computer model. It
has been used with CAD/CAM in orthodontics to
customize lingual brackets7 and in maxillofacial sur-
gery to fabricate custom trays for mandibular recon-
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struction after bone loss.8 Orthodontists could use this
technology to prepare custom trays for orthodontic
bonding. This article describes a method of tray prep-
aration for indirect bracket bonding. These trays are
individually designed on a computer and produced with
a rapid prototyping procedure. They help the clinician
save time and achieve more accurate bracket place-
ment.

THE MANUFACTURING PROCESS

The first step in the manufacturing process is to take
a silicone impression. The casts produced from this
impression are used to prepare the initial model of
malocclusion. Noncontact scanning of the initial model
is performed with a high-resolution optical 3-dimen-
sional (3D) scanner (Structura s.r.l., Ancona, Italy). The
3D scanner examines the model from various perspectives
to create a complete 3D representation, with a resolution
of at least 0.02 mm. The result is a surface consisting of
many thousands of minute triangles (standard triangula-
tion language surface; Fig 1, A) that can be turned,
observed, and processed on a computer with dedicated
software (CADental, Structura s.r.l.). At present, acquiring
the malocclusion model takes approximately 90 minutes,
and a trained operator is needed to ensure correct
placement in the scanner.

Next, using the dedicated software, the operator
virtually positions the desired commercial bracket (pre-
viously incorporated in the software database) onto
each tooth at the desired height. Measurements are
accurate to 0.1 mm (Fig 1, B). When brackets have
been properly positioned, the fabrication of the rapid
prototyping trays (RPT) can begin. A special command
fills the bracket inlets with virtual clattering material,
producing a cubic-like figure that has the same maximal
bracket dimensions. A positive of the RPT, in which the
real bracket will be placed, has been made. To create

the negative of the site, the cubic figure is covered with
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a virtual acrylic-like material, which represents the tray
in a raw state (Fig 1, C).

A software utility trims off the virtual excess material,
leaving single, grouped, or unique RPTs, according to
arch anatomy and user preference (Fig 1, D). Single trays
with adequate mesiodistal dimension are preferable be-
cause they prevent interproximal interferences due to, for
example, dental misalignment. Moreover, trays for
each tooth could be reused in successive treatment
phases in which rebonding of some brackets is needed.
In contrast, a full-arch tray cannot be reused after the
original position of teeth has changed.

To prevent errors in positioning, the RPT should
overlap the incisor or cusp margins enough to give a
point of reference for the vertical dimension. To have
an immediate mesiodistal reference point, the RPT
should extend almost to the interproximal space for the
incisors, and at least 1 mm laterally from the bracket
site for the canines and the premolars. The gingival
margin should be cut off from the definitive RPT.

A high-end rapid prototyping machine is used to
convert the virtual trays into the final real product,

Fig 1. Design process of virtual tray: A, scanned mal-
occlusion model; B, virtual bracket placement; C and D,
creation of virtual trays.
made of a rigid-elastic plastic material (Fig 2, A and B).
BONDING PROCEDURE

Once the trays have been produced and delivered,
the bonding procedure can start. The buccal enamel
surfaces are cleansed and polished with pumice and
rubber cups, washed with water, and dried. A 37%
phosphoric acid gel (3M Dental Products, St Paul,
Minn) is used to acid-etch the teeth for 30 seconds.
The teeth are rinsed again and dried, and the char-
acteristic frosty white appearance must be present.
Transbond XT primer (3M Dental Products) is ap-
plied to the etched surface in a thin film. An adequate
quantity of Transbond XT adhesive paste (3M Dental
Products) is applied to the bracket bases (Micerium,
Genova, Italy), and the brackets are positioned into
the RPT sites (Fig 2, A ). Then the RPT can be placed
in the mouth and pressed onto the dental surfaces
according to the anatomy of the teeth (Fig 2, B ) and
the adhesive cured. When the tray is removed, the
bonded bracket remains on the tooth (Fig 2, C ). This
procedure is continued to bond the full arch (Fig 2,
D-F).

DISCUSSION

This method addresses 2 problems traditionally
associated with bonding: inaccurate bracket positioning
and lengthy chair time.

Commercial brackets in the software database are
positioned with utilities that measure height, mesiodistal
position, and angulation with a resolution of 0.1 mm. This

Fig 2. Clinical application of RPT: A, bracket in RPT
with adhesive paste; B, RPT placed on tooth; C, RPT
removal; D and E, RPT placement on adjacent teeth (full
arch bonding can undertaken); F, light-curing.
allows exact bracket placement and reduces the poten-
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tial for error. However, this alone is no guarantee of a
reduction in mean bracket placement errors. The qual-
ity of the initial impression is crucial, and, during the
virtual bracket positioning, the user must avoid contact
with the dentition of the opposite arch; this could cause
accidental debonding.

Compared with direct bonding, indirect RPTs could
help the clinician save time by reducing the time
needed to check the bracket position on each tooth. The
RPT automatically places the bracket in the desired
position, as defined on the 3D malocclusion model.

The main advantages of this new methodology,
compared with traditional indirect bonding, are the
reduction in manufacturing stages and the bracket
positioning optimization offered by CAD/CAM tec-
nologies.7 Furthermore, with this system, bracket posi-
tioning can be performed by an orthodontic auxiliary.9

Potential limitations of RPTs include the impossi-
bility of correcting the bracket position because of the
presence of the tray during the bonding procedure. If
the bracket position is wrong on the 3D model, the error
will be discovered only after the tray is removed.
Furthermore, the presence of light-cured paste around
the bracket can be observed only after the tray is
removed, so it is necessary to apply an adequate
quantity of adhesive paste. Because special equipment
and skills are needed to acquire the malocclusion model
and fabricate the RPT, these jobs currently should be
performed in a dedicated center. However, orthodon-
tists could use the custom software to position the 3D
CONCLUSIONS

RPTs are a new instrument for indirect bracket
positioning. They exploit the advantages of CAD/CAM
technologies to optimize bracket placement and can
help the clinician place brackets accurately in a shorter
time. Randomized controlled trials are needed to com-
pare the effectiveness of this technique with traditional
direct and indirect bonding methods in terms of bracket
placement accuracy, time, and shear bond strength.

REFERENCES

1. Redmond R. The cutting edge. J Clin Orthod 2004;38:93-5.
2. Koo BC, Chung CH, Vanarsdall RL. Comparison of the accuracy

of bracket placement between direct and indirect bonding tech-
niques. Am J Orthod Dentofacial Orthop 1999;116:346-51.

3. Polat O, Karaman AI, Buyukyilmaz T. In vitro evaluation of shear
bond strengths and in vivo analysis of bond survival of indirect-
bonding resins. Angle Orthod 2004;74:405-9.

4. Yi CK, Dunn WJ, Taloumis LJ. Shear bond strength comparison
between direct and indirect bonding brackets. Am J Orthod
Dentofacial Orthop 2003;124:577-81.

5. Carlson SK, Johnson E. Bracket positioning and resets: five steps
to align crowns and roots consistently. Am J Orthod Dentofacial
Orthop 2001;119:76-80.

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

7. Wiechmann D, Rummel V, Thaleim A, Simon JS, Wiechmann L.
Customized brackets and archwires for lingual orthodontic treat-
ment. Am J Orthod Dentofacial Orthop 2003;124:593-9.

8. Singare S, Dichen L, Bingheng L, Yanpu L, Zhenyu G, Yaxiong L.
Design and fabrication of custom mandible titanium tray based on
rapid prototyping. Med Eng Phys 2004;26:671-6.

9. Chen MS, Horrocks EN, Evans RD. Video versus lecture: effec-
tive alternatives for orthodontic auxiliary training. Br J Orthod
brackets. 1998;25:191-5.

ESTATE PLANNING & PLANNED GIVING

Estate Planning: The AAO Foundation offers information on estate planning to AAO members and their
advisors on a complimentary basis and at no obligation.

Planned giving: Persons who are contemplating a gift to the AAO Foundation through their estates are
asked to contact the AAOF before proceeding. Please call (800) 424-2481, extension 246.

Please remember the AAO Foundation in your estate planning.


	Rapid prototyping: A new method of preparing trays for indirect bonding
	THE MANUFACTURING PROCESS
	BONDING PROCEDURE
	DISCUSSION
	CONCLUSIONS
	REFERENCES


