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Three-dimensional printing has quickly become 
one of the hottest areas of technology in ortho-

dontics, thanks to its wide range of clinical appli-
cations.1 Also known as additive manufacturing, 
3D printing creates an object by depositing mate-
rial in layers. It is considered faster and more pre-
cise in producing complex appliances than conven-
tional manufacturing processes such as injection 

This month’s column is the first in a series 
of articles describing the use of three-dimensional 
printing to enhance orthodontic treatment. To my 
knowledge, these authors are the first to explore 
the use of 3D-printed auxiliaries to assist tooth 
movement and improve on existing technologies.

Several aids to biomechanics are described, 
including retraction hooks, bite turbos, bondable 
retainer strips, and attachments for clear aligners. 
Such auxiliaries seem to be more accurate and 
efficient than those produced by previous tech-
niques.

I believe this is merely the tip of the iceberg 
for 3D printing. Innovative minds will continue to 
push the envelope and create “aha moments”.
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THE CUTTING EDGE
This 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.�
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es the digital model into thousands of virtual lay-
ers and translates the data into a numerical-control 
programming language called G-code. The spec-
ifications are then sent to a stereolithographic 
(SLA)*** or fused deposition modeling (FDM)† 
printer, which forms the auxiliary layer by layer 
from a plastic filament or resin material (Table 1).

Retraction Hooks

The customized retraction hook consists of 
a 1.5mm tube with an attached hook, 6mm long 
and 1.5mm thick at its curve (Fig. 2). This hook is 
designed to withstand a maximum 350g of force. 
A rectangular stainless steel archwire is inserted 
through the tube before being engaged in the 

molding. With new-generation printers rendering 
accurate, affordable, and instant prototypes, 3D 
printing has proven to be economical and easy to 
use in an orthodontic practice. The present article 
describes the fabrication of various customized 
auxiliaries.

The 3D printing process starts with a digital 
scan of either the dental arches or the working 
casts, using an intraoral scanner or a 3D model 
scanner* (Fig. 1). An auxiliary is designed with a 
modeling software such as Netfabb,** which slic-

*True Definition Scanner, 3M ESPE, St. Paul, MN; www.3M.com.
**Netfabb, GmbH, Lupburg, Germany; www.netfabb.com.
***ProJet 1200, 3D Systems, Rock Hill, SC; www.3Dsystems.
com.
†MakerBot Replicator, MakerBot Industries, LLC, Brooklyn, NY; 
www.makerbot.com.

TABLE 1
COMPARISON OF DIGITAL ORTHODONTIC AUXILIARIES

				    Print Time 
	 Printer Type	 Appearance	 Material	 (minutes)

Retraction hook	 SLA	 Esthetic	 VisiJet FTX Clear***	 90
Bite turbo	 FDM	 Nonesthetic	 ABS	 30
Lingual retainer	 SLA	 Nonesthetic	 VisiJet FTX Green***	 150
Aligner attachments	 SLA	 Esthetic	 VisiJet FTX Clear***	 120

Fig. 1  Digitization of working cast using 3D model scanner.*
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cisely to the palatal surfaces of the maxillary an-
terior teeth. Each turbo has enough bond strength 
to withstand the forces of occlusion.

Lingual Bonded Retainer

A bondable retainer strip can be digitally 
designed to match the lingual contours of the an-
terior teeth after orthodontic treatment (Fig. 4). 
The retainer strip shown here was printed 1.5mm-
2mm thick, with 4mm × 4mm bonding pads. In an 
extraction case, extensions can be added to incor-
porate the occlusal or lingual surfaces of the pre-
molars. Bonding pads for each tooth facilitate easy 
and efficient bonding, although the flowable com-
posite should be carefully applied so that the ad-
hesive does not spread between the teeth or to the 
other surfaces of the retainer.

Commercially available prefabricated lingual 
retainers require accurate size selection and wire 
bending for proper adaptation before bonding. 
Digitally printed, metal-free retainers eliminate 
the need to make complex wire bends to achieve 
a precise fit.

Aligner Attachments

Modeling software can be used to design 

brackets. In the case shown here, the retraction 
hook was positioned between the lateral incisor 
and canine brackets. To place the hook exactly in 
the middle of the interbracket span, a rigid spacer 
can be crimped distal to the hook.

Commercially available crimpable hooks are 
less esthetic; moreover, if the crimping is insuffi-
cient to hold the hook in place, it must be welded 
or soldered to the archwire at the chair. The 3D-
printed hook causes no patient discomfort and is 
held snugly by the fit of the rectangular archwire 
in the tube. It is sturdy enough to withstand retrac-
tion, with the distal end of the tube acting as a stop 
to the distally directed forces.

Bite Turbos

Customized bite turbos can be fabricated 
with a 3D printer for patients with severe deep bites 
(Fig. 3). After the palatal surfaces of the upper 
anterior teeth are scanned, the bonding bases of 
the bite turbos are designed to match the palatal 
contours. In this example, a 5mm × 5mm bite ramp 
was built to contact the lower incisors at an angle 
of 90°; the ramp dimensions can be increased in 
cases with palatally impinging, retropositioned 
mandibular incisors.

The 3D-printed bite turbos will conform pre-

Fig. 2  A. Design of customized retraction 
hook for fabrication with SLA print-
er.***  B. Placement of retraction hook on 
.019" × .025" stainless steel archwire.
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bondable ramps, bumps, and buttons as adjuncts 
to clear-aligner therapy (Fig. 5). An SLA printer 
was used to print the attachments shown here, with 
dimensions ranging from 3mm × 4mm × 1mm to 
5mm × 1.5mm × 1mm.

The 3D-printed attachments are more easily 
and reliably debonded than composite attach-
ments, and they eliminate the need for excess 

flash removal. Companies that supply the aligner 
trays can also provide templates for SLA-printed 
attachments, thus improving the accuracy of clear-
aligner treatment.

Discussion

The most important advantage of 3D printing 
is that everything is customizable. Therefore, this 
technology may be most useful when the clinician 
needs to create a new device or prototype for pre-

Fig. 3  A. Deep-bite patient requiring bite turbos before bonding of fixed appliances.  B. Bite turbos custom-
ized to palatal surfaces of upper central incisors on scanned model.  C. Retentive grooves designed on bite 
turbo’s bonding surface.  D. FDM-printed† bite turbos.  E. Patient after bonding of bite turbos.

Fig. 4  A. Bondable retainer strip designed on digitized model.  B. Retentive grooves on bonding-pad sur-
faces.  C. Bonded retainer strip in place.

†MakerBot Replicator, MakerBot Industries, LLC, Brooklyn, NY; 
www.makerbot.com.
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Conclusion

Considering that one size fits none, custom-
ized appliances enable clinicians to offer more ef-
ficient and effective orthodontic treatment. Three-
dimensional printers are rapidly replacing previous 
technologies in the production of superior- 
quality, economical auxiliaries from biocompatible 
materials.
ACKNOWLEDGMENTS: The authors would like to thank Rathish 
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cise treatment mechanics. We recommend direct 
intraoral scanning because it is faster and more 
accurate than cast scanning in transferring data to 
the modeling software.

FDM printers have recently gained popular-
ity in the field of rapid prototyping and digital 
dentistry.2 We prefer them over SLA printers for 
fabricating auxiliaries such as the bite turbos, since 
the additive manufacturing process is less wasteful, 
time-consuming, and expensive. Although the fin-
ished quality of an SLA-printed model is superior,1 
the finish of an FDM-printed model can be im-
proved by trimming, buffing, and polishing. For 
maximum accuracy and esthetics of customized 
retraction hooks, retainers, and aligner attachments, 
however, we send our design files to a local research 
facility for fabrication with an SLA printer.

Fig. 5  A. Scanned model with digital attachments designed for various facial surfaces of teeth during clear-
aligner treatment.  B. Bondable aligner attachments fabricated from clear resin using SLA printer.  
C. Mock-up of bonded attachments used to check accuracy.  D. Patient after bonding of attachments and 
placement of clear aligner.
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A patient with a missing anterior 
tooth who has completed orthodontic 
treatment is often unhappy that the flipper 
must be removed while eating. This is par-
ticularly true of an adolescent who eats 
lunch at school. Here is a method for pon-
tic fixation and anterior tooth retention 
using a bonded retainer wire. Consider it 
in patients who refuse flippers or mini-
screws with pontics, or when compliance 
may be a concern.

NEAL D. KRAVITZ, DMD, MS 
Associate Editor for Pearls

Fixed Retainers with  
Bonded Pontics

The two main options for replacing a missing 
tooth in a young patient are prosthetic resto-
ration and autotransplantation. Retaining the 

opened space for permanent replacement of miss-
ing teeth poses an esthetic challenge. Fixed retain-
ers such as Maryland bridges require extensive lab 
procedures; removable dentures are uncomfortable 

and unpopular with adolescents.1 Sometimes the 
patient needs to be debonded before a removable 
retainer with a pontic can be fabricated by the 
laboratory.2 This article describes an efficient 
method for securely attaching a temporary pontic 
to a fixed retainer immediately after debonding.

Procedure
The technique is demonstrated in a 21-year-

old female patient with bilateral missing lateral 
incisors (A). After spaces were opened for replace-
ment with dental implants, a fixed retainer was 
fabricated from .017" multistranded braided wire. 
A helix was incorporated on each side of the cast 
where the retainer wire passed through the spaces 
of the missing teeth (B).

Either a prefabricated denture tooth or an 
instant pontic fabricated from flowable resin may 
be used. These instant pontics were trimmed to 
match the spaces of the missing teeth on the cast 
(C). Grooves were marked (D) and cut with a stain-
less steel disc (E) so that the pontics would bond 
securely to the helices.

After the pontics were bonded to the braided 
wire with flowable composite* (F), the retainer 

*Filtek Z350XT Flowable Restorative, trademark of 3M Unitek, 
Monrovia, CA; www.3MUnitek.com.
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with helices was adapted to the grooves (G). Clear-
ance with the lower dentition was verified on the 
cast (H).

The braided fixed retainer with temporary 
pontics was bonded to the maxillary teeth, and the 
pontics were contoured with flowable composite 
to hide the visible black triangles (I).

The helices in the braided retainer wire can 
be made into double overlapping helices for stron-
ger retention and to prevent any rolling of the 
bonded pontics (J).

Conclusion
This temporary pontic-fixed retainer is se-

cure, cost-effective, and convenient for patients. 
Avoiding the need for lab work, it can easily be 
delivered in a single appointment with minimal 
chairtime.
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