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LINGUAL ORTHODONTIC APPLIANCE

Field of the Invention

The invention relates to a lingual orthodontic appliance which comprises an archwire and a
lingual anterior tooth bracket with a horizontal slot engaging a rectangular, ribbonwise curved

archwire.

Background Art

Orthodontic brackets are used in orthodontic treatments for moving teeth from an initial
position to a desired position in a patient’s dentition. The initial position typically refers to a
position at the beginning of an orthodontic treatment, for example a position in which the labial
faces of the teeth are misaligned to each other, whereas in the desired position the labial faces of
the same teeth may be generally aligned.

For example, the patient’s teeth may be aligned relative to each other to provide the
dentition with a more acsthetically pleasant appearance. Further, one or more teeth may be moved
within the dentition to compensate for a malocclusion. Such a movement of a tooth or teeth can be
typically achieved by using brackets attached to the teeth. The brackets are typically connected to
an elastic archwire for applying forces that urge the teeth toward desired positions over a longer
term. Several brackets connected to the archwire are typically referred to as orthodontic appliance
in the field of orthodontics.

Often orthodontic brackets are off-the-shelf products which are configured for use with
clinical situations of different patients. Further there are customized orthodontic brackets which are
typically made to fit with an individual clinical situation of on¢ particular patient.

For example US 2012/0015315 A1 (Wiechmann et al.) discloses a customized orthodontic
bracket system which includes a bracket having a customized bracket bonding pad for bonding the
bracket to a tooth of a patient and a bracket slot adapted to receive a customized archwire. The
customized archwire is adapted to be positioned in the bracket slot to form a precise bracket slot-
archwire interface.

There is a general desire for an orthodontic appliance that it can be easily mounted to a
patient’s teeth. This is to avoid errors, inaccuracies and additional costs during mounting of the
appliance and to maximize patient comfort. On the other hand, there is a desire that the orthodontic
appliance be capable of controlling the movement of each tooth in three dimensions including
twisting about three axes. In orthodontics the three dimensions are typically based on a three-
dimensional Cartesian coordinate system individually defined for each tooth. Further, the
dimensions of the twisting about the axes are typically referred to as “torque”, “rotation” and “tip”.

Typically the term “torque” refers to a twisting of the tooth about the mesial-distal axis, which is
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defined in a dimension tangential of a neutral line along which the dental arch extends. The term
“rotation” typically refers to twisting about the tooth axis (or coronal-apical axis), which is defined
in a dimension between the root and the occlusal or incisal side of the tooth. The tooth axis is
typically or is desired to be approximately vertical according to a parallel to the anatomical vertical
body axis. Further, the term “tip” typically refers to a twisting the tooth about the vestibular-lingual
axis, which is defined in a dimension between the cheek or mouth and the tongue. The tooth axis,
the mesial-distal axis and the vestibular-lingual axis typically meet in approximately a center of the
tooth.

Although a variety of different brackets and bracket systems are on the market there is still
a desire to provide a bracket system which is maximized with respect to its capability of controlling

the movement in different dimensions and orientations.

Summary of the Invention

The invention relates to a lingual orthodontic appliance which comprises a lingual bracket
for an anterior tooth and an archwire. The orthodontic appliance can be defined in a (virtual) three-
dimensional Cartesian coordinate system. Based thereon, the archwire extends in a first and a
second dimension of the coordinate system at a general U-shape. This means that a projection of
the archwire on a plane in the first and second dimension corresponds to a general U-shape.

In the third dimension the archwire is generally flat or planar. This means that the archwire
may not be exactly flat or planar, but may have slight deviations from that flat or plane to account
for individual clinical situations in a patient’s mouth.

The archwire has a rectangular cross-section. The rectangular cross-section has a height
which is defined by the longer side of the rectangular cross-section. (Accordingly, the rectangular
cross-section further has a width defined by the shorter side of the cross-section.) The height is
oriented along the third dimension. The orientation of an archwire having a rectangular cross-
section which longer dimension extends generally parallel to the vestibular sides of a patient’s tecth
is in accordance to the terminology used in the field of orthodontics also referred to as
“ribbonwise” herein.

The bracket has a bracket pad and a bracket body. The bracket body forms a slot for
receiving the archwire. The slot is formed by at least two opposing parallel slot side faces and a slot
ground face arranged perpendicular thereto. The slot further has a width defined by the distance
between the slot side faces. The width matches with or corresponds to the height of the archwire.

The parallel slot side faces preferably define a slot insertion axis. In particular the slot
insertion axis is parallel to the slot side faces and extends perpendicular to the slot ground face. The
slot insertion axis is preferably horizontal with respect to the third dimension being aligned

vertically.
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In one embodiment the bracket and the archwire are mounted or arranged relative to each
other such that the slot side faces are generally parallel to a plane in the first and second dimension.
Such plane is typically arranged substantially parallel to the occlusal or horizontal plane of a
patient’s dentition when the orthodontic appliance is used for an orthodontic treatment in the
patient’s mouth. Accordingly, an orientation of a bracket’s slot generally parallel to occlusal plane
of a patient’s dentition when the bracket is appropriately installed on the patient’s tooth is in
accordance to the terminology used in the field of orthodontics also referred to as “horizontal”
herein.

In an embodiment the lingual orthodontic appliance has plurality of brackets for anterior
teeth and a plurality of brackets for posterior teeth. The anterior teeth in a jaw of the patient’s
dentition typically comprise the incisors and may further comprise one or both of the canines,
whereas the posterior teeth refer to the molars. Preferably the width of each slot matches with the
height of the archwire. Accordingly, the lingual orthodontic appliance preferably has a plurality of
brackets each having a horizontal slot. Further, the lingual orthodontic appliance preferably has a
plurality of brackets for anterior teeth each having a horizontal slot. This is in contrast to prior art
orthodontic appliances having brackets with a vertical slot for treating the anterior teeth. Although
lingual brackets with a vertical slot typically provide for a more effective torque control it has been
found that lingual brackets having a horizontal slot can provide for sufficient torque control. As an
advantage, however, lingual brackets having a horizontal slot additionally provide for a maximized
tip control.

It is noted that the brackets of the orthodontic appliance may be used with further
(different) archwires at the beginning of an orthodontic treatment. Such archwires may have a
circular or oval cross-section or may have a square-shaped or rectangular cross-section which are
undersized with respect to the width of the slot. Such archwires are typically used to begin the
orthodontic treatment with the archwire exerting moderate forces to the patient’s teeth to align
large malpositions of teeth prior to a treatment for the final tooth alignment. This further helps
making the orthodontic treatment acceptable for the patient, because the exertion of high forces to
teeth during an orthodontic treatment is typically inconvenient.

The term “torque”™ for the purpose of the present specification refers to twisting the tooth
about the mesial-distal tooth axis or an axis parallel to the mesial-distal tooth axis. Further, the term
“rotation” for the purpose of the present specification refers to a twisting about the tooth axis (or
coronal-apical tooth axis) or an axis parallel to the tooth axis. And furthermore, the term “tip” for
the purpose of the present specification refers to a twisting about the vestibular-lingual tooth axis or
an axis parallel to the vestibular-lingual axis.

In a further embodiment the plurality of brackets are mounted such that each bracket is
fitted with the slot to the archwire. In this embodiment the bracket are oriented with the pads

forming an outer periphery of the orthodontic appliance.

3
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In a further embodiment the lingual orthodontic appliance has a plurality of ligatures for
retaining the archwire and the bracket with each other. Preferably, each bracket has a ligature for
retaining the archwire and the bracket with each other. The ligature is preferably formed by a
resilient band or ring, for example a rubber or silicon ring. Further, each bracket may have at least
one tie wing for spanning the ligature over the portion of the bracket in which the slot is arranged.
The bracket may further have two or more tie wings or one or more tic wings and hooks in
combination.

In one embodiment the bracket has at least one archwire support structure. The archwire
support structure preferably forms a support surface in a plane of the slot ground face. Further,
support surface is preferably spaced from the slot ground face. Thus, the support surface provide
for an additional leverage in case the archwire exerts a rotational load in a plane parallel to the slot
side faces. In this situation the rotational load is limited by the force at which the archwire is
retained in the slot by the ligature. Due to the maximized leverage provided by the support
structure the rotation transmittable between the archwire and the bracket is maximized with respect
to a bracket having no support structure, although the force exerted by the ligature is the same.

In a further embodiment the shape of the support surface is pre-determined independent
from the shape of the bracket pad. Accordingly, the quality of the support provided by the support
surface to the archwire under load is independent from any patient individual clinical situation.
This maximizes the predictability of the rotation control provided by the bracket of the invention.

In an embodiment the archwire support structure forms a flat which forms the support
surface. Further, the archwire support structure preferably protrudes generally parallel to the third
dimension. Preferably the archwire support structure protrudes in a direction from the root of a
tooth toward the apex of the tooth during use of the orthodontic appliance for treating a patient. The
archwire support structure may protrude from the bracket body. The lingual orthodontic appliance
may have two archwire support structures. These archwire support structures may be arranged
symmetrically on opposite sides of the slot.

In a further embodiment the bracket pad has a tooth facing surface and an opposite tissue
facing surface. The tooth facing surface and the tissue facing surface are substantially parallel to
cach other, but may taper toward each other at the periphery of the bracket pad. The tooth facing
surface preferably conforms in shape to the shape of the lingual side of a patient’s tooth. Hence, the
bracket pad and the tooth facing surface is preferably customized to match with the shape of a tooth
of an individual patient.

In a further embodiment the brackets of the lingual orthodontic appliance are made of a
metal, in particular gold or steel or other appropriate metals or metal alloys.

In an embodiment the slot insertion axis extends generally perpendicular to the tooth axis,

when seated on a tooth having a tooth axis.
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In a further embodiment the slot ground face is oriented at an acute angle relative to an

occlusal region of the tissue facing surface of the bracket pad.

Brief Description of the Figures

Fig. 1 is a perspective view of a computer model of a bracket pad of a bracket according to
an embodiment of the invention;

Fig. 2 is a perspective view of a computer model of a bracket body of a bracket according
to an embodiment of the invention;

Fig. 3 is a perspective view of a computer model of a bracket according to an embodiment
of the invention; and

Fig. 4 is perspective view of an orthodontic appliance according to an embodiment of the

invention.

Detailed Description of the Invention

Fig. 1 illustrates a portion of a computer model of a patient’s dentition 100. A bracket pad
2 is arranged on a tooth 101 of the patient’s dentition 100. The dentition model 100 can be scanned
directly from a patient’s mouth or from a physical model of the patient’s teeth. Such physical
model is typically prepared from making a dental impression replicating the negative shape of the
patient’s tecth, and casting a positive plaster model by using the dental impression as a mold. In the
example the dentition model 100 represents the malocclusion of the patient’s teeth. A physical
model may further be provided by 3D printing based on a computer model obtained by scanning.

The bracket pad 2 has a tissue facing surface 3, which in the example is a tongue facing
surface. This is because the bracket pad is arranged on the lingual side of the tooth 101. The
bracket pad 2 further has a tooth facing surface (not visible in this view) on the opposite side of the
tissue facing surface. The tooth facing surface conforms in shape to the shape of the lingual side of
the tooth 101. Further, because in the example the tissue facing surface is derived from the tooth
facing surface or the lingual side of the tooth, the tissue facing surface also generally conforms in
shape to the shape of the lingual side of the tooth 101. Therefore the bracket pad has a generally
uniform thickness, although the bracket pad may be modified in a subsequent step to provide a
periphery of the bracket pad with a tapered and/or rounded shape.

Fig. 2 shows an exemplary computer model of a bracket body 1. Although a computer
model of the bracket body is illustrated, it is further referred to simply a “bracket body™ in the
following. The bracket body 1 can be obtained from a library which is accessible by the computer
that stores the bracket body 1. The bracket body 1 may be otherwise generated and coupled with
the bracket 2. The bracket body 1 has a slot 4 for receiving an orthodontic archwire (not shown).
The slot 4 extends through the bracket body 1 along an archwire axis W. The slot 4 has a proximal
slot side face 4a and an opposing distal side face 4b. The proximal and distal side face 4a, 4b

5
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extend parallel to the archwire axis W and further parallel to an archwire insertion axis I. The
archwire axis W and the archwire insertion axis | are perpendicular to each other. The slot 4 has
further a slot ground face 4¢ that extends parallel to the archwire axis W and further parallel to a
slot cross axis C. The slot cross axis C is perpendicular to the archwire axis W as well as to the
archwire insertion axis [.

The bracket body 1 further has two archwire support structures 5a, 5b. Each of the archwire
support structures Sa, 5b forms a flat 6a, 6b. The flats 6a, 6b are within an (imaginary) plane of or
flush with the slot ground face 4¢. Further, the flats 6a, 6b each are spaced from the slot ground
face 4¢. The bracket body 1 has a head portion 7 which in the example has a tie wing 8 and a hook
9 which on the final bracket serve for retaining a ligature. The bracket body 1 has a first end
portion 10 and, opposite thereof, a second end portion 11. The first end portion 10 is pre-shaped
and in the example has the slot 4, the support structures Sa, 5b, the tie wing 8 and the hook 9.
Further, the second end 11 portion extends at a generally uniform cross-section, in the example
rectangular. The bracket body 1 is a precursor of the finally shaped bracket body with respect to the
length of the second end portion 11. The second end portion 11 is typically shortened in a
subsequent step of the bracket design. It is noted that the model of the bracket body 1 may further
be a precursor with respect to the first end portion in that the initial presence and/or angulation of
the slot 4 is optional. Further, the slot 4 and the support structures 5a, Sb may be adjustable in their
angle relative to a dimension in which the second end portion extends. Although in the example the
second end portion 11 extends along the slot insertion axis I, in another example the slot insertion
axis | may extend at an angle to the dimension along which the second end portion extends. The
end portion 11 may extend along the slot insertion axis I, or may extend at an angle to the slot
insertion axis 1.

The wire support structures 5a, 5b are arranged at a pre-determined distance from the slot
4, in particular from the slot ground face 4¢. Thus, a bracket obtained from this design allows for a
predictable rotation control of a tooth in a patient’s mouth. Further, the space between the wire
support structures 5a, 5b and the slot ground face 4¢ is preferably dimensioned so that a portion of
a ligature can run through without getting compressed or clamped.

Fig. 3 shows a computer model of a bracket 12 which is obtained by combination of the
bracket pad 2 (shown in Fig. 1) and the bracket body 1 (shown in Fig. 2). The combination is
typically performed by aid of a computer. Thereby the patient’s dentition is typically used to
determine the path along which the archwire of the orthodontic appliance should extend, and the
path of the archwire is used to align the bracket body 1. Typically, the second end portion of the
bracket body 1 is shortened to avoid that it protrudes beyond the tooth facing surface of the bracket
pad 2.

The slot insertion axis | extends generally perpendicular to the tooth axis (not shown). This

type of slot, because of the orientation relative to the tooth, is typically referred to as “horizontal

6
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slot” in the field of orthodontics. The horizontal slot as shown features a slot ground face 4¢
oriented at an acute angle relative to the occlusal tissue facing surface 3 of the bracket pad 2.
Likewise, the horizontal slot 4 as shown features a slot side face 4a oriented at an acute angle
relative to the gingival portion of tissue facing surface 3 of the bracket pad 2 (the orientation angle
is generally obtuse relative to the occlusal tissue facing surface). An orientation of the slot 4 as
shown enables for effectively exerting a torque to the tooth in a plane parallel to dimensions of the
slot cross axis and the slot insertion axis. This is because the two opposing slot side faces 4a, 4b
allow for tightly clamping a rectangular wire by a positive fit so that therefore the archwire can
transmit a torsional moment to the bracket 12 for rotating the tooth as desired. In an orthodontic
treatment of anterior teeth it is typically desired that the brackets used for the treatment not only
provide for good torque control but also good rotation control. Although the horizontal
arrangement of the slot is typically less efficient for rotation control (twisting about the tooth axis)
it has been found that the rotation control can be performed at relatively low forces that can be
provided by a bracket having a horizontal slot. On the other hand, due to the positive fit between
the archwire and the bracket with respect to a torsional moment in a plane of the slot cross axis C
and the archwire axis W the bracket with the horizontal slot provides for excellent tip control.
Accordingly, the bracket according to the invention can be used for posterior teeth as well as for
anterior teeth. Further, the bracket according to the invention provides for excellent tip control
which is particularly relevant for the anterior teeth.

Fig. 4 shows a part of an orthodontic appliance comprising a plurality of lingual
orthodontic brackets 12 arranged on the front teeth of a patient’s dentition 100. The brackets 12 are
customized on the respective tooth on which they are arranged. In particular, each bracket 12 has a
bracket pad 2 which conforms in shape to the lingual side of the respective tooth. Although the
brackets 12 are differently configured they all have a horizontal slot 4. Therefore the orthodontic
appliance provides for good rotation, torque and tip control during an orthodontic treatment.

The orthodontic appliance further has an archwire 20 mounted in the slots of the brackets
12. Further, the orthodontic appliance typically has a plurality of ligatures fixed on the brackets 12

for retaining the archwire in the slots.
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Claims

L. A lingual orthodontic appliance comprising a lingual bracket for an anterior tooth and an
archwire, the orthodontic appliance being defined in a three-dimensional Cartesian coordinate
system, wherein the archwire in a first and a second dimension of the coordinate system extends
generally U-shaped and in the third dimension is generally flat, wherein the archwire has a
rectangular cross-section having a height defined by the longer side of the rectangular cross-
section, the height being oriented along the third dimension, wherein the bracket has a bracket pad
and a bracket body with the bracket body forming a slot for receiving the archwire, the slot being
formed by at least two opposing parallel slot side faces defining a slot insertion axis, and a slot
ground face arranged perpendicular thereto, wherein the slot has a width defined by the distance
between the slot side faces, and wherein the width corresponds to the height of the archwire, and
wherein the slot insertion axis is horizontal with respect to the third dimension being aligned

vertically.

2. The lingual orthodontic appliance of claim 1, wherein the bracket and the archwire being
arranged relative to each other such that the slot side faces are generally parallel to a plane in the

first and second dimension.

3. The lingual orthodontic appliance of claim 1 or 2, having plurality of brackets for anterior
teeth and a plurality of brackets for posterior teeth, wherein the width of each slot matches with the

height of the archwire.

4. The lingual orthodontic appliance of claim 3, wherein the plurality of brackets being
arranged relative to each other such that each bracket is fitted with the slot to the archwire and

oriented with the pads forming an outer periphery of the orthodontic appliance.

5. The lingual orthodontic appliance of claim 3 or 4, having a plurality of ligatures for

retaining the archwire and the bracket with each other.

6. The lingual orthodontic appliance of any of the preceding claims, wherein the bracket has
at least one archwire support structure that forms a support surface in a plane of the slot ground

face and spaced from the slot ground face.

7. The lingual orthodontic appliance of claim 6, wherein the shape of the support surface is

pre-determined independent from the shape of the bracket pad.
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8. The lingual orthodontic appliance of claim 6 or 7, wherein the archwire support structure

preferably forms a flat and protrudes generally parallel to the third dimension.

9. The lingual orthodontic appliance of any of the claims 6 to 8, wherein the archwire support

structure protrudes from the bracket body.

10. The lingual orthodontic appliance of any of the claims 6 to 9, having two archwire support

structures symmetrically arranged on opposite sides of the slot.

I1. The lingual orthodontic appliance of any of the claims 6 to 10, wherein the bracket pad has
atooth facing surface and an opposite tissue facing surface, wherein the tooth facing surface and
the tissue facing surface are substantially parallel to each other, tapering toward each other at the

periphery of the bracket pad.

12. The lingual orthodontic appliance of any of the claims 6 to 10, wherein the brackets are

made of a metal, in particular gold or steel.

13. The lingual orthodontic appliance of any of the preceding claims, wherein, when seated on

atooth having a tooth axis, the slot insertion axis extends generally perpendicular to the tooth axis.

14. The lingual orthodontic appliance of claim 11, wherein the slot ground face is oriented at

an acute angle relative to an occlusal region of the tissue facing surface of the bracket pad.
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