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ARTICLE INFO ABSTRACT

Keywords: The early treatment of certain malocclusions, such as class II division 1, is recommended to decrease the likeli-

3D printing hood of upper incisor trauma. However, the lack of skilled technicians and economic constraints prevent the

Removable functional appliances availability of well-known removable functional appliances. The orthodontic profession is undergoing changes,

3D FR/Frénkel IT . . . . . . .

3D Sander I1 and automation may offer a solution to these challenges. This article discusses the potential for automating the

CAD/CAM orthodontics production of two commonly used removable orthodontic appliances. While CAD-CAM systems have streamlined
dental manufacturing, 3D printing is a popular option for certain manufacturing processes. However, the adoption
of 3D printing for orthodontic devices faces hurdles, such as redesigning devices for this new manufacturing pro-
cess, material considerations, and necessary certifications. To showcase the potential design and manufacturing
process of 3D printed devices that fall under the category of appliances similar in type and style to FR II and
Sander II, the article centers on these two widely recognized appliances. As it is currently not possible to replicate
all analog features in 3D, it may be appropriate to use a more general name for the FR II and Sander II appliances.
In summary, the article examines the potential and limitations of automation in orthodontic appliance
manufacturing.

Introduction 1) fully customized and made according to established rules by a

The early treatment of certain malocclusions, such as class II division
1, is recommended to decrease the likelihood of upper incisor trauma.’
However, the lack of skilled technicians and economic constraints pre-
vent the availability of well-known removable functional appliances. It
is becoming increasingly challenging to find employees, especially den-
tal technicians who specialize in orthodontics. Additionally, many
patients and offices are facing economic challenges, which means we
need to search for suitable solutions. To tackle these problems, we must
adapt, and one possible solution is automation. This could enable us to
manufacture products, such as removable appliances for early orthodon-
tic treatment, in a more cost-effective manner, with fewer or no techni-
cians required. Essentially, there are three options available for utilizing
removable functional appliances in early treatment of Class II division 1:
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trained technician,

2) prefabricated myofunctional appliances (PMAs)

3) digitally designed and fabricated using computer-aided design and
manufacturing (CAD/CAM) technology, followed by 3D printing.

About FR II and Sander II

The Frankel II appliance is a functional orthodontic appliance.” Typi-
cally used in the early stages of treatment, the Frankel II appliance can
be highly effective for growing patients.>* Skilled technical expertise is
necessary to produce the appliance, given its complex design, to ensure
optimal treatment outcomes.” However, due to the challenges associated
with manual manufacturing and the intricate nature of the design, the
use of the FR II appliance has become less common in recent years. The
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Sander II orthodontic appliance, like the Frankel, is a functional remov-
able appliance. However, its design and manufacturing process is rela-
tively simple, especially when compared to that of the Frankel, due in
part to the use of prefabricated parts. Nevertheless, a skilled technician
is still required for its proper construction. Despite this, the Sander II
orthodontic removable appliance has been proven to be an effective
treatment option for correcting class I malocclusions.® We can conclude
that the effects of functional orthodontic appliances in correcting Class
I malocclusion have been thoroughly evaluated.” However, considering
the challenges mentioned above, what is the method to produce them?

About PMAs

Prefabricated myofunctional appliances (PMAs) have been heavily
promoted and are currently a topic of much debate. They are pre-made
devices that are available in various sizes and shapes to accommodate
different patients. PMAs have become popular due to their low cost,
immediate availability, and the desire of parents to prevent potential
dental problems such as incisor trauma. It can be concluded that PMAs
are a product of our current societal and orthodontic climate. However,
the effectiveness of PMAs in treating Class II division 1 malocclusion in
the short-term has been shown to be lower than activators. Nevertheless,
the cost-effectiveness of PMAs remains a significant advantage. It is
important to note that these findings should be interpreted with caution,
as further high-quality, long-term research is necessary to fully under-
stand the benefits and limitations of PMAs.®

About 3D

A hybrid approach, combining handcrafted manufacturing with the
idea of pre-made appliances, could be used to address the current chal-
lenges in orthodontics. This approach could involve digital design and
3D printing to create customized orthodontic devices. Today, CAD-CAM
systems have transformed dental manufacturing by streamlining the pro-
cess and final manufacturing stages can be completed using 3D printing
or milling machines. However, the adoption of 3D printing is hindered
by obstacles such as the need to review current devices and consider
material certifications and mechanical properties. Recently, there has
been a surge in articles exploring the possibility of 3D printing — mostly
a twin block design but also the functional regulator (FR).° ' Another
article describes the fabrication of a milled Twin-block with an expan-
sion screw using intraoral scanning and digital bite registration without
an analog impression or construction bite. Later, computer-aided design
and manufacturing technology was used to design and build the appli-
ance, with the mandibular advancement being simulated digitally using
a virtual articulator.'? In this article, we will examine the potential for
automated production of two commonly used and well-evaluated
removable orthodontic appliances: The Frankel II (functional regulator
— FR II) and the Sander II appliance. Our preference is to use terminol-
ogy that the design and ultimate production are rooted in the initial
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appliance concept but can be accurately classified as appliances that are
comparable in type or style to FR II and Sander II. We will explore the
current possibilities and limitations of automation and provide an out-
look on what improvements are necessary.

What did we do?

There are several software programs commonly used to design 3D
printed orthodontic appliances, each with its own unique features and
capabilities. These software programs allow orthodontic professionals
(clinicians and technician) to design and customize orthodontic applian-
ces for individual patients, using digital scans of the patients. The result-
ing digital models can be used to create 3D printed orthodontic
appliances with a high degree of precision and accuracy.'*'* Here are
some software examples that fit this description: Exocad, Meshmixer,
Blender, Blue Sky Plan, OnyxCeph, Ortho Analyzer and many more.

Iin this article Rhino 3D is utilized, also known as Rhinoceros, ver-
sion 6.0, developed by Robert McNeel & Associates in Seattle, WA.
Rhino 3D is a widely used 3D modeling software that finds application
in diverse fields such as architecture, industrial design, and product
design. It features a plethora of tools for creating and manipulating com-
plex 3D geometry, including free-form surface modeling, mesh editing,
and 3D rendering. The software supports a range of file formats, facilitat-
ing easy sharing of models with other software programs. Rhino 3D is
known for its unique Spline Base or B-spline feature, which is used for
drawing curves. These curves form the foundation for creating surfaces
and volumes. Rhino's open structure enables it to function as a develop-
ment platform, allowing both expert and non-expert programmers to
customize and automate the software, thereby expanding its functional-
ity. Moreover, Rhino's licensing is affordable and owned. Additionally,
Rhino offers a comprehensive training program, with multiple training
centers available for various fields of study. Developers can also design
and create a wide variety of plugins, leveraging Rhino's Open System to
develop different plugins for different areas of use. Geometries created
with Rhino can be exported to laser cutting machines, milling machines,
or 3D printers. In this article, the authors demonstrate the process of
designing orthodontic devices, specifically the Frankel II and Sander II,
using Rhino 3D modeling. The redesign of such devices requires an
understanding of the function of each component, including metallic
and acrylic elements, and an evaluation of their synergies to identify
areas for improvement.

To expedite the design process for an FR II or Sander II, a library of
various parts is stored. The user can assemble the final device from these
parts. Fig. 1 showcases the final version of a functional regulator type II
(Frankel/FR II), where different colors represent pre-designed parts that
can be selected to construct the final appliance. By following established
analog manufacturing guidelines, these parts can be scaled and adjusted
to achieve optimal clinical results. Moreover, individual components of
the FR II and Sander II can be personalized to cater to patient-specific
factors such as the distance to the teeth, gingiva, or frenula. The use of a

Fig. 1. a) The digital design depicts the final version of a functional regulator type II (Frankel/FR II), with different colors indicating the pre-designed parts that can be
chosen to create the final appliance. b) These parts can be scaled and adapted using established analog manufacturing rules to achieve the best clinical outcome.
¢) Additionally, individual components of the FR II can be customized based on individual patient factors such as the distance to the teeth, gingiva, or frenula.
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Fig. 2. By utilizing a library of components, we can create numerous combinations of Frankel type appliances. The availability of a configurator enables doctors to
design appliances using preformed modules, which is an effective tool for communication with technicians, and patients.

component library allows for the creation of several permutations of
Frankel- or Sander type appliances. A configurator is also available,
which facilitates communication between doctors, technicians, and
patients during the appliance design process using pre-designed modules
(Figs. 1 and 2). The orthodontist or dental technician assumes the role of
a CAD designer.

Scan and bite registration

The use of digital scanners for impression making and cast fabrication
in dentistry is rapidly gaining popularity.’® In a CAD environment, the
technician has two options to generate a model: scanning physical models
or using intraoral scans. It is crucial to incorporate a construction bite dur-
ing the scanning process. Digital bite registration is a prevalent method
employed to capture the patient's bite relationship, which is necessary
when designing functional orthodontic appliances such as FR II or Sander
IL. It is imperative to consider the bite in all directions while designing
these appliances, and preset configurations can be utilized to guide tooth
eruption effectively. The process is illustrated visually in Fig. 3.

Printing and cleaning

After the appliance is assembled, it is saved in an STL file format,
which is suitable for 3D printing. Although the scientific evidence on
3D-printable orthodontic materials is limited, it is expected that 3D
printing technology will be extensively used in clinical practice soon. To
consolidate the evidence, international standards for laboratory testing
and thorough clinical investigations are necessary. Aligners are the most
studied application of 3D printing in orthodontics, but there is a lack of
consistency in mechanical property tests, and biocompatibility tests do
not fully account for intraoral conditions. Further research, including
clinical trials, and defining international standards are required."®

There are several biocompatible 3D printing resins commonly uti-
lized in orthodontics, such as Dental LT Clear Resin from Formlabs, Key-
Splint Soft from Keystone Industries, NextDent Ortho Rigid from Vertex
Dental, EnvisionTEC E-Ortholign from EnvisionTEC, Tera HARZ TC 85
from Graphy, among others. Over the years, we have extensively tested
KeySoft resin from Detax and have chosen to focus on this product due
to its excellent elastic properties that make it durable enough to with-
stand chewing loads and accidental fractures. KeySoft resin is
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Fig 3. When designing a FRII, one of the crucial factors to consider is the bite in all room directions. Additionally, preset configurations can be established to guide the

eruption of specific teeth or prevent further eruption of others.
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Fig. 4. Illustrates all stages of a CAD/CAM FR II appliance. These stages include:

Seminars in Orthodontics 29 (2023) 237—-242

a) the final digital/virtual design, b) the printed parts still exhibiting the support structure, c) the polishing and adaptation on a 3D printed model (optional), and d)
The final fitting of the appliance in the patient's mouth reveals a slight difference between the design, the printed appliance, and the intraoral fit. Correcting this differ-
ence proves to be challenging due to the absence of a wire, which makes straightforward adaptation impossible.

specifically designed for dental splint therapies and can be stored for
several months. It’s clear-transparent formulation allows for visual con-
trol, and it is easy to work with during post-production, and can be used
with many printers already parameterized for the product. It has high
initial hardness and final strength, a low-viscosity approach for low
material consumption and quick cleaning, and high mechanical bending
and breaking strength, making it strong without being brittle. Moreover,
KeySoft resin is BPA-free, neutral in odor and taste, and is classified as a
medical device Cl. IIa. A DLP printer was utilized for physical produc-
tion, and after printing, the supports are removed, and the device is fin-
ished and polished.'”"'® The device is then checked on models before
being delivered to the clinician

Fig. 4 displays the various stages involved in creating a CAD/CAM FR
II appliance. These stages include the final digital/virtual design, the
printed parts with support structure, the optional polishing and adapta-
tion on a 3D printed model, and the final fitting of the appliance in the
patient's mouth. However, there is a slight difference observed between
the design, the printed appliance, and the intraoral fit, which is challeng-
ing to correct due to the absence of a wire. In Fig. 5, an early interven-
tion for a class II/1 deep bite patient is depicted, utilizing a 3D printed
and digitally designed FR II appliance. This appliance showed positive
clinical effects and remained intact for six months. Nonetheless, there is
room for improvement in the clinical fit of some parts, and reactivation
can only be achieved by redesigning and reprinting the appliance, which
can be considered a drawback.

Discussion
The system offers several benefits, such as enabling clinicians to cap-

ture impressions using traditional methods or intraoral scanning and
sending them to the recipient company via email, saving time, material,

and courier costs. In case the impressions are not reliable, the process
can be repeated at no additional cost, eliminating the need for a physical
model. To streamline the manufacturing process of orthodontic devices,
virtual preparation can be utilized to create a protocol for a specific
device that can be divided into virtual pre-formats, which can be
adapted and stored in a library. This reduces the virtual modeling time
for a technician, while the physical realization can be entrusted to 3D
printers. However, a clinical/technical comparison during the design
stage is necessary to avoid a prepackaged system that does not consider
the specific needs of the case. The device can be viewed before printing,
which reduces errors in communication. There is also a reduction in
waste products and greater flexibility in product customization. While
some may argue that reduced manual activity in the era of digital tech-
nology can affect the quality of the final product, it is important to note
that digital technology enhances our design ability and offers interesting
solutions. It is still the mind that guides the arm, whether using a micro-
motor or a mouse. This innovative work in designing and modifying
these two removable functional appliances provides a valuable reference
point for colleagues and clinicians. There is still much to be explored and
accomplished in the field of orthodontic device manufacturing. But what
needs to be done better?

Is Hybrid the future?

The future of manufacturing removable functional appliances will
likely be a combination of digital and analog processes, rather than
strictly one or the other. However, it is crucial to have a fundamental
understanding of the appliances and carefully evaluate which parts are
better suited for digital manufacturing versus manual production. When
it comes to the original designs of the FR II and Sander II appliances,
their digital versions should be considered more generic as they differ in

Fig. 5. An early intervention is displayed for a class II/1 deep bite patient, utilizing a 3D printed and digitally designed FR II appliance. The appliance yielded positive
clinical effects and remained intact throughout its 6-month usage. However, the clinical fit of some parts could be improved, and reactivation can only be achieved
through redesigning and reprinting the appliance, which can be considered a disadvantage

240



C. Segnini et al. Seminars in Orthodontics 29 (2023) 237-242

Fig. 6. Displays the possibilities of personalizing a 3D fabricated functional appliance by incorporating premade screws. Furthermore, the patient's name can be
engraved with ease.

Fig. 7. It is demonstrated how the Sander II appliance can be employed to display additional possibilities for tailoring 3D-printed functional appliances. One can opt
for utilizing the original Sander screw from FORESTADENT or incorporate a conventional expansion screw with 3D-printed probes. Combining the digital version of
the 3D-printed Sander with analog wires can be advantageous, as it permits a hybrid style that merges 3D printing with manual handcrafting

Fig. 8. When using 3D-printed removable appliances, anchorage on the teeth can pose a challenge. One solution is to adopt a hybrid style that incorporates hand
banded wires as anchorage clamps. Another approach depicted in this picture is the use of bonded attachments. However, caution must be exercised during their appli-
cation to avoid impeding tooth eruption. To achieve this, it is necessary to carefully stage the process and incorporate an aligner-style setup.
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some respects and have limitations. Therefore, they should be referred
to as FR II and Sander II type designs. Fig. 6 demonstrates how premade
screws can be incorporated into a 3D-printed functional appliance to
allow for personalization. The patient's name can also be easily
engraved. Fig. 7 showcases additional possibilities for tailoring 3D-
printed functional appliances using the Sander II appliance. One can
choose to use the original Sander screw or a conventional expansion
screw with 3D-printed probes. Combining the digital version of the 3D-
printed Sander with analog wires can create a hybrid style that merges
3D printing with manual handcrafting. Fig. 8 illustrates the challenge of
achieving anchorage on teeth when using 3D-printed removable appli-
ances. One solution is to use a hybrid style that incorporates hand-
banded wires as anchorage clamps. Another approach is to use bonded
attachments, but caution must be exercised during application to avoid
impeding tooth eruption. A carefully staged process and an aligner-style
setup can help achieve this.

Conclusion

Although functional appliances produced via 3D printing work, they
still require improvements.

1. Due to software limitations, IT management requires plug-ins. Devel-
oping dental technician devices necessitates software engineering
skills, and modeling should be more intuitive and user-friendly. Vir-
tual configurators can facilitate a fully digital workflow, making 3D
devices comparable to aligners.

. Continued resin development is necessary to enhance their biocom-
patibility and functionality. An ideal resin has not yet been discov-
ered or certified.

. Further investigation is required for material mixing and wire imple-
mentation, particularly for reactivation wires, which are currently
lacking.

. To respect and protect the original designs of the FR II and Sander II
appliances and the extensive publications related to them, their digi-
tal versions should be regarded as more generic, as they differ in
some respects and have limitations. As a result, they should be
referred to as designs of the FR II and Sander II type.

It is crucial not to neglect orthodontic skills as AI becomes more prev-
alent in design, potentially reducing the incentive for ongoing cultural
learning.
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