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THE GUTTING EDGE

This quarterly column is compiled by JCO Technology Editor W. Ronald Redmond,
DDS, MS. To help keep our readers on The Cutting Edge, Dr. Redmond will spotlight
a particular area of orthodontic technology every few months. Your suggestions for

future subjects or authors are welcome.

Dr. Niansong Ye and colleagues have con-
tributed a fascinating article in which they describe
the use of cone-beam computed tomography
(CBCT), computer-aided design, and three-dimen-
sional printing to produce a customized lingual
appliance. The brackets are precisely positioned
on the lingual surfaces by means of indirect bond-
ing jigs produced with a 3D printer.

Their method requires a scan lasting several
seconds to achieve enough accuracy (within 80
microns) for a good bracket-enamel interface. The
authors admit that this amount of radiation expo-
sure may be considered a drawback. Advantages
of their system over other digital procedures for
creating lingual appliances include the use of
stainless steel rather than precious metals, as well
as the ability to achieve root parallelism due to the
visibility of the roots in CBCT scans.

If you have been following this column, you
will remember my analogy to the competition
between CBCT and intraoral scans as a high-
stakes horse race. The race continues, with CBCT
coming up fast on the inside. I, for one, am enjoy-
ing the dash to the finish! WRR

Computer-Aided Design of a
Lingual Orthodontic Appliance
Using Cone-Beam

Computed Tomography

Although lingual orthodontics has been prac-
ticed for more than 30 years, it has never been
widely accepted due to issues of patient discom-
fort, interference with speech, imprecise finishing,
and the difficulty of rebonding brackets.! The
Incognito* bracket introduced by Wiechmann,
using digital models acquired from high-resolution
three-dimensional scans of plaster casts,>* has
brought considerable improvement, but still has its
drawbacks. For example, the lingual contours of
teeth that are overlapping or partially erupted can-
not be accurately scanned; in such cases, the setup
can be designed only by experience, instead of
using a defined tip and torque for each tooth.
Furthermore, the setup software is unable to deter-
mine the labiolingual inclination of each tooth or

*Trademark of 3M Unitek, Monrovia, CA; www.3mUnitek.com.
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Fig. 1 Three-dimensional model for each tooth created from segmental cone-beam computed tomography
(CBCT).

Fig. 2 A. Measurement of upper central incisor’s crown angulation in 3ds Max* software (Z = axis perpen-
dicular to occlusal plane; R = clinical-crown axis). B. Measurement of upper central incisor’s labiolingual
inclination in AutoCAD#* software (L = long axis of tooth; T = tangent to midpoint of labial surface). Angle O
(Z/L) is equivalent to labiolingual inclination (T/Z)—in this case, +7°. C. Angle Q. set up as labiolingual incli-
nation in 3ds Max software.
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Fig. 3 Dental archform determined from standard
chart, and facial prominence of crowns calculated
according to Andrews.s

to establish root positions.

This article describes a relatively inexpensive
method of producing 3D models and customized
lingual brackets with cone-beam computed tomo-
graphy (CBCT) and computer-aided design and
manufacturing (CAD/CAM) technologies, using
simplified laboratory procedures.>

Digital Setup

Volumetric images of the dentition and adja-
cent skeleton are obtained by segmental CBCT
scanning®* with a 40mm x 40mm field of view, a
tube voltage of 90kV, a current of SmA, a scan
time of 18 seconds, and a voxel size of .08mm. The
results are stored in DICOM*** format and input
into Mimicst software (version 10.01) for 3D
reconstruction in .stl format (Fig. 1).

The .stl file for each tooth is input into 3ds

Max: software (version 11.0) and analyzed accord-
ing to Andrews’s six keys to normal occlusion,® as
follows.
Crown angulation: The angle between the clini-
cal-crown axis and the Z-axis (a line perpendicu-
lar to the occlusal plane) is calculated on the
labial face of each tooth (Fig. 2A).
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Labiolingual inclination: This is the angle formed
by a tangent to the midpoint of the labial surface
and the Z-axis. Because it is difficult to visualize
with the current 3ds Max software, it must be
measured in a different system. The projection
image of each tooth in the lateral or medial plane
is imported into AutoCADZ software, the tangent
to the midpoint of the labial surface is extended,
and the angle between the tangent and the tooth’s
long axis (the line passing through the incisal edge
and the root apex for an anterior or lower poste-
rior tooth, or the buccal cusp and furcation for an
upper posterior tooth) is measured. The angle o
between the long axis and the Z-axis is then cal-
culated (Fig. 2B). In the 3ds Max software, the
angle a is used to represent the labiolingual incli-
nation of each tooth under the Andrews system
(Fig. 2C).

Archform: The dental archform is determined by
referring to a standard chart, and the facial prom-
inence of the crown of each tooth is calculated
according to Andrews (Fig. 3).

Occlusion: The molar relationship in neutrocclu-
sion and the normal overbite and overjet are mea-
sured in terms of Andrews’s optimal occlusion
(Fig. 4).

Customized Lingual Appliances

After the setup is complete, the 3D dental
model is loaded into SolidWorksti software. A
virtual .018" x .025" lingual archwire with 1st-
order bends is constructed, and virtual brackets
are placed at each tooth. Bracket bases (4mm
thick) are formed to adapt closely to the contours
of the lingual surfaces, and the bracket bodies are
then positioned on the bases at the level of the slot
plane, incorporating 2nd- and 3rd-order bends

**Accuitomo 170, trademark of J. Morita Manufacturing Corpor-
ation, Kyoto, Japan; www.jmorita-mfg.com.

*#*NEMA, Rosslyn, VA; www.dicom.nema.org.

fRegistered trademark of Materialise, Leuven, Belgium; www.
materialise.com.

tRegistered trademark of Autodesk, Inc., San Rafael, CA; www.
autodesk.com.

ffRegistered trademark of Dassault Systemes SolidWorks Corp.,
Concord, MA; www.solidworks.com.
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Fig. 5 Bracket bases adapted to virtual lingual
contours; bracket bodies positioned on bases at
level of slot plane.
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(Fig. 5).

An .stl file for each completed virtual brack-
et (Fig. 6A) is loaded into a 3D printing system to
produce a set of wax bracket analogs (Fig. 6B).
Each bracket is then cast in stainless steel (Fig.
6C); we use conventional 17-4 (17% chromium,
4% nickel) stainless steel to make the brackets
more affordable, compared with the gold alloy
used in the Incognito system.2

Larger bracket bases can be placed and bond-
ed directly onto the lingual surfaces of the upper
anterior teeth. Teeth with more irregular lingual
contours, especially the lower incisors and premo-
lars, require customized bracket positioners to
ensure accurate bonding. Using a procedure simi-
lar to the fabrication of the customized brackets,
3D models of customized positioners (Fig. 7A) are
designed in SolidWorks, saved in .stl format, and
printed in acrylic (Fig. 7B). The tooth number is
marked on each corresponding positioner, and the
positioners are then loaded with their correspond-
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Fig. 6 A. 3D virtual model of bracket. B. Wax analog of bracket generated with 3D printer. C. Bracket cast in
17-4 stainless steel.

Fig. 7 A. 3D virtual models of customized bracket positioners. B. Customized positioners printed in acrylic.
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Fig. 8 Template for manual bending of custom-
ized lingual archform.

ing brackets and placed on the cast to verify that
each gingival edge is pressure-free and that the
positioners seat easily.

A customized lingual archwire is designed
using AutoCAD software, and a template is print-
ed ata 1:1 scale for bending of the archform (Fig. 8).

Figure 9 shows a patient bonded with cus-
tomized lingual appliances.

Discussion

A manual customized setup requires separa-
tion of the teeth on a plaster cast, which can dam-
age the proximal surfaces. Moreover, it is almost
impossible to keep the contours of overlapped,
crowded teeth intact during separation. These fac-
tors can have a major impact on the subsequent
appliance design. Our CBCT-based digital setup
not only avoids such inaccuracy, but also incorpo-
rates the dental roots, allowing the clinician to
accurately plan for root parallelism at the end of
treatment.

Our software is currently unable to deter-
mine the labiolingual inclination according to the
angle formed by the Z-axis and a tangent to the
midpoint of the labial surface, but it can analyze
labiolingual inclination using AutoCAD software.
The crown angulation and inclination of each tooth
are thus set up digitally according to Andrews’s
optimal occlusion.

Repeatability can be a problem with 3D wax
printing. Our system uses two types of wax—the
support wax, with a melting point of 90°C, and
casting wax, with a melting point of 50°C—which
are separated thermally. Because constriction may
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occur during the process from CAD model design
to wax printing to final casting, the scale of the
wax printer must be finely adjusted and pretested
to ensure accuracy within .0127mm.

Precise bracket placement has been difficult
to achieve with both lingual and labial orthodontic
appliances. For this reason, various indirect-bond-
ing systems have been introduced, including rapid
prototyping trays (RPT),” the Custom Lingual
Appliance Setup Service (CLASS),? the Hiro sys-
tem,’ and the Transfer Optimized Positioning
(TOP) system.!® Our method uses CAD/CAM
software and 3D printing to produce a customized
positioner for each tooth, thus ensuring accurate
bonding. The acrylic positioners can be saved so
that brackets can be properly reseated in the event
of bond failures.

Current methods of creating digital models
include laser scanning of plaster casts, CBCT
imaging of orthodontic impressions or plaster
casts, and direct intraoral laser scanning of the
dental arches or plaster casts.!! With either laser or
CBCT scanning, the accuracy of the resulting 3D
model can be affected by material distortion dur-
ing impression taking or shrinkage during ship-
ment to a service center. Intraoral laser scanning
is inconvenient and time-consuming.!> None of
these scanning techniques can capture the full
tooth contours in a patient with overlapping con-
tacts or partially erupted or impacted teeth. A
previously described technique merged CT-scanned
roots and laser-scanned crowns to produce a com-
plete 3D model, but the procedures were complex
and time-consuming.'* Our method directly repro-
duces the entire crown-and-root setup and requires
less scanning time.

Although CBCT is not as precise in measur-
ing dental morphology as surface-scanning meth-
ods, which reach an accuracy of 1 micron,!4 it is
now accurate to a minimum voxel size of 80
microns, and research has confirmed a 1:1 image-
to-reality ratio.!>¢ Still, in a study by Liu and
colleagues, CBCT tooth volumes deviated from
the actual physical measurements by —4% to 7%,
with subjective aspects of virtual tooth segmenta-
tion affecting the volumetric measurements.!” A
high-resolution CBCT scan takes several seconds,
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during which any motion of the patient’s head
could reduce accuracy; scanning accuracy may
also be degraded by metal objects such as brackets
and crowns.!® Concerns about radiation dosage
continue to be raised as well.

Conclusion

Our streamlined technique of 3D model
acquisition, virtual setup, and CAD/CAM manu-
facturing of customized lingual brackets and
positioners can be easily applied in the office to
make customized lingual orthodontic appliances
more acceptable to both patients and orthodontists.
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