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Abstract: In interceptive treatments in which impacted teeth (incisor or first permanent molar)
should be included into the dental arch, the main clinical problem is the provision of an anchorage
area and a suitable appliance. The use of laser sintered metal orthodontic grids, designed and
printed digitally, has expanded the boundaries of orthodontic treatment, especially in its intercep-
tive phase. Our aim is to describe a digital model for providing anchorage during orthodontic-sur-
gical traction of impacted teeth in the mixed dentition period. We present the treatment of three
clinical cases with digitally projected and printed metal grids used for anchorage.In the described
clinical cases, individually designed anchorage systems were used. They were created through de-
sign software and after that the metal grids were printed. The devices are placed in the oral area and
don’t disturb the aesthetics of the patient in any way. The advantages of individual designed metal
support grids allow to accommodate the features of relief of the hard palate and alveolar bone. This
makes the grids comfortable for the patient and rigid enough to perform orthodontic tractions at
the same time. The printed additional grids are applicable in mixed dentition and in complicated
clinical cases in permanent dentition. Their individuality allows segmental treatments or treatments
in cases requiring additional anchorage further from the active force.

Keywords: Laser sintered metal grid; Digitally printed orthodontic grid; Interceptive treatment; An-
chorage area

1. Introduction

Important dento-alveolar, occlusal and skeletal changes occur and are diagnosed
during the mixed dentition. Some of them require early treatment (interceptive) in order
to prevent aggravation of the problem during the active growth period. The main clinical
problem, that often arises, is the provision of an anchorage zone with included permanent
tooth. This may be provided by usage of personal rigid grid which connected these teeth.
Orthodontic mini-implants are not applicable in vestibular areas with developing tooth
germs. The available stable permanent teeth in the early mixed dentition are often an in-
sufficient support unit, which is placed in distance of the active area. Use of metal ortho-
dontic grids designed and printed digitally has expanded the limits of orthodontic treat-
ment, especially in its interceptive phase.

Advances in digitization have created many possibilities for customizing orthodontic
appliances. CAD-CAM technologies allow to make a momentary intraoral scan of both
tooth rows and their occlusal relationships, digital analysis of all paraclinical studies, but
also to make computerized individual design of appliance or additional auxiliary devices
[1-4]. In orthodontics most of the printed devices are from biocompatible composites or
metal. Today, 3D printing of laser-sintered metal orthodontic grids is the basis for the
development of modern orthodontics [5, 6]. The reduction of the stages of appliance’s pro-
duction (intraoral scanning — computer design — printing) occur combined with minimi-
zation of the human errors and without heavy physical activity [7, 8]. The modern laser-
sintered orthodontic appliances provide exceptional detail precision [9-13] and have pre-
dictable geometry of tooth movements [8]. The construction of the appliances can be tai-
lored to the geometry of the forces for biomechanical action and moments produced by it.
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The extreme accuracy of the devices does not allow the generation of residual tensions
voltages. There is already a lot of research on the topic in regards to their mechanical
properties, electrochemical behaviour and biocompatibility. Most often, the printed de-
vices are made of cobalt-chromium (Co-Cr) alloys [10], which are strong. Their mechanical
properties such as hardness, strength and modulus of elasticity must be known, because
it is necessary to guarantee their wear and, at the same time, the printed devices should
not be dangerous to the hard tissues (teeth) on which they are placed and debonded,
therefore they also can undergo deformation [14]. The appliances must be strong enough
to withstand masticatory forces during chewing without any permanent deformation,
maximum accuracy and reduced risk of human error and deviation in geometry [15, 16].
They increase the predictability of the result, but require the orthodontist's technical prep-
aration and financing [17, 18].

As every orthodontic force produces a reactive force of equal magnitude, the success
of the orthodontic treatment depends on the anchorage and the elimination of side effects,
including the unwanted teeth movement or tooth segments.

Our aim is to describe a fully digital model for providing anchorage during ortho-
dontic-surgical traction of impacted teeth in the mixed dentition’s period. We shall criti-
cally describe and discuss metal-printed grids to support orthodontic treatment.

2. Materials and Methods

2.1. The method used to produce the grids is 3D additive printing - selective laser melting
(sintering - SLS).

After the patient and parents have accepted the orthodontic treatment plan, we per-
form the intraoral digital scan. We design the anchorage orthodontic grid on the obtained
STL file with the help of CAD/CAM software. The generated file with the future grids is
exported to the 3D metal printing machine for production. For the fabrication of a Co-Cr
grids, we used metallic powder Wirobond C+ (BEGO Medical GmbH) with composition
Co-64%, Cr-25%, V-5%, Mo-5% and a laser sintering grids Truprint 1000 (Trump Group).
In this technology, the powder is heated above the melting temperature using a high-en-
ergy CO2 beam, thereby sintering/melting the particles together in a set pattern. Next
comes a curing process that proceeds layer by layer until the entire material is printed. It
is finished with removing the support elements, avoiding solder joints and other thermal
effects.

2.2. We present the treatment of three clinical cases with digitally designed and printed metal
grids, used for anchorage in orthodontic treatments. Most often in practice, we use them for
extrusion of retained teeth in a mixed dentition or in segmental treatments. We incorporate
segments on the same or opposite side with stable permanent teeth. The system of fixed and
blocked teeth, placed away from the area of action, is built to absorb the generated counter force.

2.2.1. We present an 8-year-old girl with an ectopic eruption of the lower right lateral (42)
in the area of the first temporary molar. In the lower dental arch, the temporary right
lateral and canine are with preserved positions. After an X-ray examination, hypodontia
of the upper laterals was established in the upper dental arch. The well-developed and
normally positioned germ of right canines and premolars in the lower were found (fig.
1). In this early phase of mixed dentition, the ectopically placed lower right lateral
should be positioned in its normal location. This will prevent future canine transposition
or canine retention due to the mechanical barrier that the lateral presents. At the same
time, it is important to preserve the perimeter of the dental arch, in the earlier exfoliation
of the temporary canine.
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Figure 1. Oral clinical status and x-ray examinations of a patient with an ectopic eruption of the
lower right lateral (42) in the area of the first temporary molar.

Medial movement of the lateral needs to be as lingual as possible along the highest
part of the alveolar ridge to accommodate the canine germ, which is positioned more ves-
tibular. Therefore, an anchorage point is needed to apply a medially directed force from
the lingual (side). In this phase of mixed dentition, only the permanent first molars are
stable. Therefore, the solution is a rigid lingual arch with a hook in the area of the central
incisors, as a fulcrum to apply the force to straighten and move the lower right lateral.

Based on the patient's digital model, a lingual arch design was made with a hook in
suitable location and direction for anchorage to tooth movement of the lower right lateral
(fig. 2). The placed printed grids are maximally reduced, but at the same time stable
enough to be anchorage. The patient adapted to it in a short time and the biomechanical
system used showed a good result.

Figure 2. Treatment progress in insertion of a lower right lateral in the dental arch, using a lingual
arch support.

After moving the lateral incisor to its normal location in the lower dental arch, pro-
ceed to its levelling with the Utility arch, follow the eruption of the canine and both pre-
molars. The treatment ended with the complete levelling of the dental arch.

2.2.2. We present a 10-year-old girl aimed for the orthodontic treatment by Maxillofacial
surgeon. A cystic lesion involving teeth 44 and 45 was detected, which was operated on
and tooth 44 was extracted. A follicle cyst was detected in the upper dental arch at tooth
16, which changed the direction of development of the germ of the upper right first mo-
lar (fig. 3). The molar is impacted with the crown in vestibular direction. Its orthodontic
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traction is recommended. For this, it is necessary to construct an anchorage area in the
palate. The characteristics of the bone do not allow the use of mini-implants. Therefore,
the plan includes a printed metal grid, including the premolars on both sides and the left
first molar, as well as part of the hard palate. In the area of tooth 16, a "ladder" is de-
signed with a series of hooks for attaching the elastic chain. The grid is printed from Co-
Cr metal and fits perfectly.

Figure 3. Oral status and CBCT examination of a patient with cystic lesions in the upper and lower
jaw. Upper right first molar is impacted with changed direction of crown position.

After surgical exposure of the upper right first molar, the grid was glued and molar
traction started (fig. 4). When the position of the molar changed, part of the ladder was
removed, so that the bearing area changed along with the movement of the tooth.

Figure 4. Laser sintered metal support grid during orthodontic traction of the upper right first mo-
lar.

The movement of an upper first right molar is firstly- rotation — a change in the di-
rection of the clinical crown from vestibular to occlusal and then vertical movement until
reaching the occlusal plane (fig. 5). The initial position and the change of the fulcrum from
the grid allowed these movements. After traction (extrusion) of the upper right first molar
to the level of the occlusal plane, the complete corrective orthodontic treatment with a
fixed technique is planned.
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Figure 5. Change in the position of the upper right first molar and restoration of the alveolar bone
in the lower jaw.

2.2.3. A 17-year-old female patient with a surgically repaired cleft of the hard palate. The
patient's complaints are worsened aesthetics. During the first clinical examination, a re-
duced perimeter of the upper dental arch was found, crowding was observed both in the
frontal and in the middle segment (in the area of premolars), the shape of the dental arch
was changed - trapezoidal. The upper right lateral is located at the palate and the canine
is medially located in contact with the central incisor. The upper frontal teeth are
retruded and extruded, the bite is covered (fig. 6).

Figure 6. Initial status of patient with a surgically repaired cleft of the hard palate.

For the purposes of orthodontic treatment, extraction of two upper premolars (14 and
25) is required, which will provide a space exactly equal to the crowding size (the sizes of
right lateral and left premolar). It is not desirable to design a biomechanical system in
which there will be medial displacement of the distal anchorage teeth, as it occurs with
the classic distal displacement of canines and anchorage second premolar and first molar
(anchorage type A). In this clinical case, a stable distal anchorage zone is required, which
can be provided by mini orthodontic implants or a rigid transpalatal arch involving all
available anchorage teeth (fig. 7). When fabricating this type of digitally planned arch,
elements can be incorporated into its design to aid in a more body movement of the ca-
nines, which will reduce the side-inclination effects of their movement.
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Figure 7. Transpalatal support arch with extension for distal movement of maxillary right canine -
treatment progress.

The anchorage transpalatal arch construction, designed by us includes first and sec-
ond molar rings, right second premolar lingual wall, first molar tube, and an extended
right first molar hook for a higher level of applied canine distalizing force.

The teeth in the upper and lower dental arch are levelled and the occlusal relation-
ships are normalized. The aesthetics of the frontal segment have been restored. From a
smile with five frontal upper teeth (13, 11, 21, 12 and 13) a symmetrical smile was achieved
with inclusion of the palatally located upper right lateral in a normal position. A well-
designed metal anchorage system did not allow medialization of the abutment teeth.
Complete preservation of the perimeter of the upper dental arch was achieved.

3. Results

In the three clinical cases, individually created anchorage systems were used through
design software and metal grid were printed. The devices are placed in the oral area which
does not disturb the aesthetics of the patient. Due to the extreme accuracy of the devices,
their adjustment is not necessary and the clinical time for their placement and manage-
ment is completely reduced. With the grid constructed in this way, no deviation is fore-
seen in the biomechanics of their action. Their rigidity is sufficient as a support when using
biological orthodontic forces. No movements or other negative changes were detected in
the teeth included in the support brackets.

The printed additional grids are applicable both in mixed dentition and in compli-
cated clinical cases in permanent dentition. Their individuality allows for segmental treat-
ments or treatments for dental conditions requiring additional anchorage further from the
active force.

4. Discussion

The digital technologies that we use in orthodontic practice expand the possibilities
of orthodontic treatments by relying on the creativity of the healer, a good technical and
software base. New materials for printing, especially resins and plastics, diversify the type
of devices used for leveling (aligners). CAD/CAM designs in orthodontic practice are
mostly used in the retention phase to produce metal sintered or milled retainers [19].
While metal printing or milling helps with complicated orthodontic treatments requiring
a sufficient support area or greater forces. It is not unusual to work with printed lingual
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or transpalatal arches [7], but the possibilities of their individualization and expansion of
the construction with different hooks, buttons and arms have made them a valuable ele-
ment of orthodontic therapy.

We use conventional TPA most often for support, but its possibilities have impact on
the three directions: transverse expansion in the molars, rotational movements, extrusion
and intrusion changes of the molars. The disadvantages faced by orthodontists when
working with classical TPA are that it requires good manual skills in bending, adapting
and activating it [20, 21]. A change in the planned geometry is possible when the arch is
activated. The digitally printed arch is rigid and does not allow corrective movements at
the molars, but is a stable support. The planned molar rings do not traumatize the papil-
lae. An advantage is that it is possible to plan the inclusion of the second molars in the
arch, and even the medially located premolars. The alloy from which it is produced is
reliable to take the load.

Many experiments and analyses have been done for their resistance to torsion, which
show that their stability and strength can be relied upon [22]. Zinelis et al. [14] have tested
Co-Cr orthodontic grids and obtained results that show that these grids have clinically
acceptable mechanical properties that remain unaffected by intraoral aging.

The biggest advantage in the design of grids designed with appropriate software is
that the support points (hooks, extensions, buttons, loops, etc.) can be planned in places
approximately close to the level or in the area of the very centre of resistance of the tooth
or tooth group that will be moving. This provides a movement that is very close to the
hull and at the same time a support area that does not change. The vertical extensions,
which can be planned in the printed grids, have a height that is consistent with the centre
of resistance of the tooth to be moved. Thus, the power arm is correctly positioned and
the body movement of the tooth is achieved [23, 24]. The individually planned vertical
extension (shoulder) complies with the relief of the alveolar ridge, the required height and
is maximally comfortable for the patient. Such extensions can be made in the design of
different orthodontic grids and in different planes.

The role of the lingual arch is also not the same as in the traditional one. With the
printed lingual arch, it is not possible to straighten the inclinations of the lower first mo-
lars, but only to preserve their existing position. Therefore, with the printed form, we can
keep the perimeter, but not increase or change it.

The advantage of the digitally designed lingual arch is that it improves the support
zone during orthodontic extraction of impacted teeth even in mixed dentition, in teeth
with suspected ankylosis, it can stabilize the adjacent ones and counteract the intruding
counter force.

One of the great advantages of digitally printed grids is that their main components
can be placed orally, making them more invisible and aesthetic for patients. Their other
advantages are cost-effectiveness, improved quality, speed and accuracy; predictability
[28]. Grids produced by the printing method have less material loss than those made by
milling, which also affects their price, making them affordable [25-27]. The created device
is of high complexity and shape that serves individual treatment. At the same time, this is
achieved with reduced human involvement, which reduces the level of error, and with
reduced costs, because several machines are printing at the same time.

5. Conclusion

Modern orthodontics works with new digital algorithms for diagnosis and treatment
planning, as well as for the customized creation and production of orthodontic grids. Or-
thodontic treatments in the interceptive phase of mixed dentition are possible because it
is not necessary to wait for teeth to erupt from the distal anchorage zone. With custom-
designed grids, more distant teeth can be incorporated into a common unit to support and
normalize the position of individual ectopic or impacted teeth.
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