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ABSTRACT

In this article, we demonstrate different approaches to enhance the integration of temporary anchorage devices in
the digital workflow of the daily orthodontic practice. We describe methods of varying complexity which could be
used depending on the equipment available in the orthodontic clinic.
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INTRODUCTION

Over the past two decades, temporary anchorage devices (TADs) have become a vital
part of orthodontic treatment, revolutionizing treatment possibilities in adults? and
adolescents,® as well as in non-compliant patients.>® During the same period, the
exponential development of digital technology has also drastically influenced the practice
of orthodontics.Y! However, the integration of TADs into the digital workflow has yet
been rudimentary. Thus, guidelines are needed to help orthodontists integrate TADs in the
modern orthodontic clinic.

Although few orthodontists have fully embraced a digital workflow and many do not have
the latest equipment, clinicians may opt to integrate bone-borne appliances into their clinical
repertoire. Some clinicians may possess cone-beam computed tomography (CBCT) machines
and/or intraoral scanners, while others may utilize only conventional radiography and
impressions. Hence, we aim to describe different ways to integrate TADs and bone-borne
appliances in the digital workflow, depending on the available equipment.

CONVENTIONAL APPROACH

If only conventional radiographs and impressions (alginate or silicone) are available, the
TADs are first placed in the ideal location within the T-Zone described by Ludwig et al.l"!
and an impression is made with (or without) impression caps. Thereafter, the impression
is either scanned directly or the cast is poured and scanned indirectly, using a desktop
scanner or a CBCT machine at an orthodontic laboratory. The resulting three-dimensional
(3D) file (e.g. STL file) then needs to be inspected to determine if the TAD head is clearly
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distinguishable. If not completely distinguishable, the TAD
head on the 3D image needs to be replaced using a digital
implant analog to provide clear borders of the implant head
[Figures 1-4]. A superimposition in the 3D space requires
three clearly defined spots to overlay an object. If an
impression cap was used, the cap first needs to be removed
digitally. The easiest way to perform the superimposition
is with a two-piece, or two-step, digital implant analog,
provided by the implant company. The first step is to place
and superimpose the digital implant analog with the cap
over the scanned implant head, then with a single click, the
impression cap is removed or replaced with the implant
analog without the cap. Subsequently, the STL file with
the clearly defined TAD head can be printed and used to
fabricate a TAD-supported device using the conventional
device or can be used for a virtual design and print of the
appliance.[213)

Figure 1: Digital temporary anchorage devices superimposition.
Adding the digital analog (with an expansion screw inserted for
virtual appliance design).

Figure 2: Digital temporary anchorage devices superimposition
final position reached (with an expansion screw inserted for virtual
appliance design).

INTRAORAL SCAN

If an intraoral scanner is available, the TAD head can be
readily scanned. Some scanners are incapable of capturing
metal structures, therefore, for these scanners, powder

Figure 3: Digital temporary anchorage devices superimposition
final position (with an expansion screw inserted for virtual
appliance design).

Figure 4: Digital temporary anchorage devices superimposition
final position three-dimensional check with different transparencies
(with an expansion screw).

n

Figure 5: Scan beam during temporary anchorage devices scan.
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(according to the scanner instructions) or occlusion spray  the software) relies on a continuous surface. Consequently, if
(3M, used for prosthodontic occlusion check) is required.! the implant shoulder is too wide and the light beam of the

There are some fundamental concepts to consider when
scanning the implant head. An intraoral scanner (specifically

Figure 6: Scan beam during temporary anchorage devices (TADs)
scan demonstrating undercuts and shadow of the TAD shoulder.

Figure 9: Occlusion with temporary anchorage devices in situ
without scan bodies.

Figure 7: Incomplete intraoral scan of the temporary anchorage Figure 10: Occlusion with temporary anchorage devices in situ with
devices. scan bodies.

Figure 8: Temporary anchorage devices scan intraoral with digital Figure 11: Occlusion scan with temporary anchorage devices in situ
analog superimposition. with scan bodies.
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scanner cannot pass beneath it [Figures 5 and 6], the software
will delete the implant head as it is identified as an artifact.
There must be a connection from the palatal surface to the
implant head for the head to be recognized as “real” by the
software and not be deleted. To reduce this risk, it is the best
to insert the TAD until the shoulder has a solid contact with
the palatal mucosa. If this is not possible, orthodontic wax
can be gently adapted around the implant neck (being careful
not to cover the coupling part of the TAD) to provide a good
continuous surface for the scanner to capture accurately.
Depending on the shape and contour of the palate, it is not
always possible to scan the entire implant head [Figure 7]
as the light beam cannot pass beneath the implant head. In
these cases, a digital implant analog (described as before)
[Figure 8] is mandatory to provide a distinct TAD head for
the production of an appliance. If the position of the TAD

does not allow a proper scan, a scan body may help. A scan
body is similar to an impression cap and is produced from
a material that is easily captured by the scanner. Different
TAD companies provide different designs for scan bodies
(e.g, PSM Medical Solutions, Tuttlingen, Germany)
[Figures 9-12]. The STL files then need to be processed with
the digital implant analog as described previously in the
classical approach.

CEPHALOMETRIC RADIOGRAPHY AND
INTRAORAL SCAN

If an intraoral scan and cephalometric radiograph are
available, these can be used for a virtual setup with palatal
TADs. A digital cast generated from a conventional alginate
impression could be used as well.

Onyxceph software (Image instruments, Chemnitz,
Germany) allows for merging of the 3D cast with a
cephalometric radiograph by superimposition over the
incisors. This allows for planning of the position of the
TADs in the palate based on the bone thickness seen on
the cephalometric radiograph [Figures 13-16]. The TADs,
available in a library, are positioned using the software at the
appropriate location for the appliance. It is then possible to
print the cast and produce the appliance with a surgical splint
to guide the TAD placement. The appliance can be fabricated
conventionally on the printed cast or can be designed
digitally and printed directly. The same protocol can be used
for fabricating the surgical splint with the appropriate drill
guide. With this protocol, it is possible to insert the TADs and
fit the orthodontic appliance in one session, thus reducing
chair time and number of appointments for the patient and
orthodontist.
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Figure 13: Temporary anchorage devices match by Onyxceph.
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CBCT AND INTRAORAL SCAN

The ideal clinical setup for a digital workflow is with a CBCT
machine and an intraoral scanner. With this setup, it is
possible to plan the position of the TADs entirely in 3D. The
intraoral scan is superimposed on the CBCT and the ideal
TAD and appliance location are planned. If the appliance is
fitted to the implant head and tooth surface only (and not the
mucosa), it is possible to skip the intraoral scan completely,
as the surface of the tooth can be clearly discerned by the
CBCT. The appliance can then be designed digitally and
a tooth-supported surgical splint can be printed. If there

is any contact of the appliance on the palatal mucosa, it is
vital to utilize and superimpose the intraoral scan over the
CBCT to avoid fitting problems during insertion in the
mouth. Another method of fabrication of the appliance and
surgical splint is on the 3D-printed cast with the planned
TADs inserted. If the orthodontic clinic is not equipped with
a laboratory, it is possible to outsource that step (e.g., Easy
Driver system, Union Tech Lab, Italy) [Figures 17-21].
The Onyxceph software (Image instruments, Chemnitz,
Germany) also offers the processing and merging of the
CBCT and the intraoral scan [Figures 22 and 23].
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Figure 14: Matching the intraoral scan with the Ceph.
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Figure 15: Check of the temporary anchorage devices position in relation to bone availability.
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Figure 16: Matching the temporary anchorage devices with the combined scan and Ceph.

Figure 17: Easydriver match of the scan and cone-beam computed Figure 19: Temporary anchorage devices positioning splint offered
tomography (Homepage Uniontech). by Easydriver, Uniontech (Homepage Uniontech).

Figure 18: Check of the temporary anchorage devices position with Figure 20: Temporary anchorage devices in situ with the Easydriver
the Easydriver system (Homepage Uniontech). splint (Homepage Uniontech).
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Figure 21: Benefit system inserted in the same appointment with
the temporary anchorage devices, due to the Easydriver system
(Homepage Uniontech).

DISCUSSION

The more technology advances for intraoral scanning
and virtual planning software, the easier the combination
of TADs and other preformed parts will become for our
orthodontic treatment. We are standing on the edge of a
paradigm shift in orthodontics, transitioning from analog
orthodontics to digital orthodontics, and every clinician has
to ask themselves if and when they will be ready to make
the jump.'™'*'1 However, in the private clinical setting,
this decision must also be financially viable. Based on this,
it may be easier to adapt slowly by initially outsourcing
certain steps, until cost and efficiency allow for complete in-
house fabrication. The scope of 3D and digital technologies
is not only limited to TADs or bone-borne appliances but
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Figure 22: Planning of the temporary anchorage devices with Onyxceph on an intraoral scan (with hypothetic roots) and cone-beam

computed tomography.
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Figure 23: Position check of the temporary anchorage devices with Onyxceph on an intraoral scan (with hypothetic roots) and cone-beam
computed tomography.
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also includes 3D-printed removable appliances,' indirect
bonding,® clear aligners,'** customized appliances,*2*
and for retention.!'®*4

CONCLUSION

To remain at the forefront of advancement in the field of
orthodontics, every clinician should consider when is the
right time to fully commit to the digital era. Embracing new
technology, sooner rather than later, will hopefully push
the orthodontic specialty to new heights by allowing us to
expand our boundaries in efficiency and dfectiveness and
improve orthodontic care.
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