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Abstract

The purpose of the present article is to introduce a new design of mini-screw anchored maxillary molar distalizing device in the palate through the application of
computer-aided design and computer-aided manufacturing (CAD/CAM) technology. I designed the SHU- form in which the main part of the mini-screw anchored
maxillary molar distalizing device is located in the posterior area of the palate. The SHU-lider device, which is a custom-made device that incorporates that new design
and applies CAD/CAM technology, has superior intraoral adaptation, allows distal movement of the maxillary molars to be performed as intended and improve

problems regarding lingual discomfort.

Introduction

Class II malocclusion is the most frequent treatment problem
in orthodontic practice. In these cases, the increased overjet or the
anterior crowding are caused by mesial migration. Especially for adult
patients, extraction of premolars has been mainly chosen in the past.
To avoid extraction therapy, distalization of the maxillary molars is
regarded as the preferred method to create space and to establish a
Class I molar relationship [1-3].

Over the past decades, various concepts, biomechanics, and devices
for maxillary molar distalization have been proposed to correct Class II
malocclusion. One of the conventional approaches for distalization of
molars was to apply an extraorally anchored headgear device. However,
due to esthetic drawbacks and the duration of wear, compliance
problems frequently occurred in the clinical application of these
devices [4-6]. The other devices independent of patient’s compliance
have become popular for maxillary molar distalization. However,
using conventional intra- and intermaxillary molar distalization
devices unwanted side effects may occur in terms of e.g. distal tipping,
extrusion and distal rotation of the maxillary molars as well anchorage
loss in terms of mesial movement and proclination of the maxillary
premolars.

The development of skeletal anchorage hat widened the possibilities
of the maxillary molar distalization indepedent of patient s compliance.
Especially the mini-screws have gradually attracted great attention,
because they have a great versatility, minimal surgical invasiveness,
and low costs [7-9]. In recent years, various kinds of maxillary molar
distalizing device connected anchor screws in the palate with sliding
mechanics have been described [10-12]. In these devices, the stainless
steel wire is connected at the anterior part of the palate to the mini-
screws with the prefabricated abutment. The stainless-steel wire is
turned to the lingual side of the canine or premolar mesial part and bent
in the distal direction from the mesial area along the palatal gingiva so
as to pass through near the center of resistance of the molars. It has
been reported that bodily distal movement of the maxillary molars can
be performed effectively by applying orthodontic force near the center
of resistance of the molars and sliding on the stainless-steel wire [13].
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Recently, the clinical application of digital technology has been
promoted in the field of orthodontic dentistry. The introduction of
intraoral scanner enables the recording of scans as data of the implants
to be performed with a high degree of accuracy [14]. Moreover, a novel
method of utilizing digital CAD/CAM design and three-dimensional
metal prints of orthodontic devices using anchor screws has been
reported.15

The purpose of the present article is to introduce a new design of
mini-screw anchored maxillary molar distalizing device in the palate
through the application of CAD/CAM technology.

SHU-form

A conventional maxillary molar distalizing device using mini-
screws in the palate applying sliding mechanics may cause deflection
of the stainless steel wire due to the reaction of the orthodontic force of
the open coil spring for distally moving the maxillary molars in some
cases. As a result, the maxillary molars may become prone to buccal
tipping movement. Especially, in a case of a V-shaped dental arch and
large amount of maxillary molar distal movement, such a trend may be
observed [13]. In addition, the buccal deflection of the stainless-steel
wire during maxillary molar distal movement may tend to cause mesial
rotation of the maxillary molars. Moreover, when these conventional
devices are used, the stainless steel wire connected to the mini-screws is
located at the anterior portion of the palate, and therefore the tip of the
tongue may easily come into contact, which may cause discomfort and
there is also the possibility of having an effect when performing lingual
training with oral myofunctional therapy.

In light of such points, I devised SHU-form with the purpose of
ensuring maxillary molar distal movement as intended and improving
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problems such as lingual discomfort (Figure 1). In the SHU-form, a
main part of superstructure connected to the heads of the palatal mini-
screws is located in the posterior area of the palate. The guiding part
for sliding the maxillary molars mesiodistally is placed to pass near the
center of resistance of the maxillary molars from the distal to mesial
direction.

SHU-lider device

The SHU-lider device is a mini-screw anchored maxillary molar
distalizing device manufactured with the SHU-form design in the
palate through the application of CAD/CAM technology. To date,
a prefabricated plate or ring have been used most commonly as the
abutment for connecting with the heads of the mini-screws. The SHU-
lider device features a custom-made superstructure by utilizing CAD/
CAM technology composed of a coupling, which is fixed with the head
of the anchor screw, a connector, and a guide (Figure 2). The connector
extends in a plate shape from the posterior coupling toward the distal
palatal portion of the molar. At the plate end of the distal palatal

Figure 1. SHU-form

Figure 2. SHU-lider device. A: Coupling, B: Connector, C: Guide, D: Molar band, E:
Open-coil spring, F: Activation lock, G: Sliding hook
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portion of the connector, the guide for sliding the molars mesiodistally
is connected so as to pass near the center of resistance of the maxillary
molars from the distal to the mesial direction. This guide can be welded
with a stainless-steel wire, it is also possible to manufacture a guide by
applying CAD/CAM technology.

It is necessary to use molar bands, open-coil springs, activation
locks, and sliding hooks inserted into the palatal sheaths on the molar
bands as a component for directly exerting orthodontic force on the
maxillary molars. The distalizing force is delivered by opencoil springs,
activated by activation locks, to sliding hooks inserted into lingual
sheaths on the molar bands. The molar bands, palatal sheaths, and
sliding hooks can also be custom-made by CAD/CAM technology.

Clinical example

The patient was a 10-year-old boy with insufficient space for canine
eruption, and therefore distal movement of maxillary molars was
performed. Two mini-screws were inserted in the hard palate (Figure
3). The impression of the heads of the mini-screws, palatal gingiva,
and all teeth was taken with an intraoral scanner (Figure 4). Virtual
planning of the SHU-lider device was performed by using a CAD
software (Figure 5 and 6). Based on the digital design, the coupling,
connector and molar bands were printed three dimensionally with
metal alloy utilizing a laser-melting machine and manufactured in a
custom-made manner. The SHU-lider device were placed on a three-
dimensional printed model (Figure 7). The connector and the guide
made of stainless-steel wire were welded together. The molar bands
were bonded to the bilateral first molars and the coupling were fixed to
the heads of the mini-screws. It can be fixed at a predetermined position
in the oral cavity (Figure 8). After maxillary molar distal movement, it
is possible to cut the anterior part of the guide short. Because there is
no superstructure in the anterior center part of the palate, the tongue
is less uncomfortable, and myofunctional therapy of the tongue can be
performed.

Discussion

By taking an impression with the intraoral scanner, it is possible
to accurately reproduce the three-dimensional positional relationship
between the heads of the mini-screws, palatal gingiva, and teeth, and to
manufacture the orthodontic device. In particular, because it features
superior adaptation of the heads of the mini-screws and the coupling,
it appears that the unexpected overload to the mini-screws at the time
of fixation can be prevented.

Because the SHU-lider device is mainly composed of a hard metal
plate, compared with a conventional maxillary molar distal movement
device using anchor screws in the palate with sliding mechanics,
deflection of the superstructure, in particular, the connector and
the guide, due to the reaction of the orthodontic force of the open
coil spring tends not to occur. Hence, it is possible to ensure distal
movement of the maxillary molars toward the position as intended,
and it is also possible to prevent buccal inclination and mesial rotation
during maxillary molar distal movement.

In the SHU-lider device, because the superstructure connected to
the heads of the mini-screws is not located at the anterior portion of the
palate, the tongue experiences a relatively low degree of discomfort and
the device is less likely to cause stimulation or damage to the tongue.
Therefore, it does not tend to be an obstacle to myofunctional therapy
in patients with lingual dysfunction. In addition, the mesial end of
the guide can be shortened after the distal movement of the maxillary
molars, resulting in a more compact form. When performing retraction
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Figure 3. Two mini-screws positioned in the palate Figure 6. The custom-made coupling, connector and molar bands.

Figure 4. Image taken by intraoral scanner after placement of mini-screws

Figure 5. Virtual planning of the SHU-lider device Figure 8. Intraoral fixed the SHU-lider device
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of the anterior teeth using molars as indirect anchorage after molar
distal movement, the anchorage loss of the molars can be prevented
by using a hard metal plate. Furthermore, even in cases in which
retraction of the anterior teeth is greatly performed after maxillary
molar distal movement, the stainless steel wire does not contact or dig
into the anterior palatal mucosa.

Conclusions

The SHU-lider device is a novel mini-screw anchored maxillary
molar distalizing device with the SHU-form design through the
application of CAD/CAM technology. By taking an impression with the
intraoral scanner and using a CAD/CAM technology, it is possible to
accurately reproduce the three-dimensional position in the oral cavity
and to manufacture this device with superior adaptation. Because the
superstructure is mainly composed of a hard metal plate, it is possible
to distally move the molar to a desired position with little deformation
of the device when the orthodontic force is applied. In addition, when
using the molar as an indirect anchorage after maxillary molar distal
movement, more stable indirect anchorage can be established. Because the
superstructure is not located in the anterior part of the palate, the tongue
experiences relatively little discomfort, and it is less likely to interfere with
myofunctional therapy for patients with lingual dysfunction.
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