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(57) Abstract: A tooth preparation system (100) includes a dental tool (150) and guide device (110) for contacting the dental tool to limit
its movement in removing predetermined tooth structure from a working tooth. The guide device includes a body (120) having an inner
surface (146A), a channel (122A, 122B), an aperture (124, 126, 136), and an opening (127A, 127B). The inner surface is configured
for attachment to a tooth to releasably fix the guide device. The channel extends partially through the body, defines a longitudinal axis,
is configured for contacting a flange (1524, 152B, 154A, 154B) extending from a shaft of the dental tool to limit a movement of the
tool, and defines a channel diameter perpendicular to a direction the longitudinal axis extends. The aperture extends through the body
and is configured to expose the predetermined tooth structure. The opening extends between the channel and the aperture and has an
opening diameter less than the channel diameter.
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TOOTH PREPARATION SYSTEM WITH LATERAL PRONGS FOR LIMITING
THREE-DIMENSIONAL MOVEMENT

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of U.S. Provisional Application No.
62/874,728 filed July 16, 2019, and U.S. Provisional Application No. 62/788,318 filed
January 4, 2019, the disclosures of both of which are hereby incorporated by reference
herein.

FIELD OF THE TECHNOLOGY

[0002] The present technology relates to devices, systems, and processes for
preparing a tooth for a tooth restoration, and in particular to instrumentation systems and
processes for preparing such instrumentation systems for use in preparing a tooth to receive a
tooth restoration.

BACKGROUND OF THE TECHNOLOGY

[0003] Complete, intact teeth that are cosmetically desirable, wear evenly, and
provide a balanced bite are the objectives of dental patients. Over time, however, problems
often arise in natural teeth due to accidents, deterioration from wear and tear, decay due to
any one or any combination of poor oral hygiene, insufficient oral care practices,
consumption of certain foods such as sweets, use of tobacco, disease, medications, certain
congenital conditions, and environmental effects, tooth movement, etc. In some instances,
natural teeth simply never achieve a cosmetic appearance desired by a patient. To this end,
dental practitioners and their patients have relied on a variety of methods to repair these
deformities and weaknesses of the patients’ teeth.

[0004] The repair of teeth often requires preparation and modification of the exterior
shape and size of a tooth to be able to receive various prostheses or restorations such as
crowns, inlays, onlays, bridges, and veneers. Also, to prepare the appropriate prosthesis or
restoration, either impressions or 3-dimensional scanning must be conducted of the original
unmodified tooth and often the modified tooth at a later time. Dental practitioners often place
a temporary prosthesis over the modified or prepared tooth while a permanent prosthesis is
manufactured, but the use of such a temporary device and the removal of any cement used to
place the temporary device over the prepared tooth may create a discrepancy between the

prepared tooth and the internal configuration of the prosthesis.
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[0005] Recently, systems and methods have been developed to form a guiding device
for use in preparing a working tooth requiring treatment to receive a restoration along with
the placement of a previously prepared restoration corresponding to the configuration of the
guiding device during the same visit, thus obviating the need for a temporary prosthesis.
Such systems, methods, and devices are disclosed in U.S. Patent Application Publication No.
US2010/0192375 Al, now abandoned; U.S. Patent Application Publication No.
US2010/0196842 A1, now U.S. Patent No. 8,640,338; U.S. Patent Application Publication
No. 2014/0248577 Al, and International Publication No. WO 2018/170278 A2, the
disclosures of each of which are hereby incorporated by reference herein. Still, further
improvements are needed to more efficiently and reliably treat the teeth of patients for
receiving restorations and other prostheses.

SUMMARY OF THE TECHNOLOGY

[0006] In accordance with an aspect, a dental guide device may be configured for
contacting a dental tool to limit the movement of the dental tool in the removal of a
predetermined portion of tooth structure from a tooth to be treated in the mouth of a patient.
The dental guide device may include an inner surface and a main body. The inner surface
may be configured for attachment to a first tooth such that the dental guide device may be
releasably fixable to the first tooth. The main body may be attached to the inner surface and
may include a first guide channel, an aperture, and a first opening. The first guide channel
may extend at least partially through the main body and may define a channel longitudinal
axis. The first guide channel may be configured for contacting a first flange of the dental tool
extending from a shaft of the dental tool to limit a movement of the dental tool. The first
guide channel may define a first channel diameter in a first direction perpendicular to one or
more directions the channel longitudinal axis may extend. The aperture may extend through
the main body and may be configured to expose at least the predetermined portion of the
tooth to be treated. The first opening may extend between the first guide channel and the
aperture. The first opening may have a first opening diameter that may be less than the first
channel diameter. The aperture may extend beyond the first opening in the first direction.
[0007] In some arrangements, the first opening may be configured for receiving a bar.
In some such arrangements, the bar may extend from the shaft to the flange of the dental tool.
[0008] In some arrangements, the channel longitudinal axis may be curvilinear or

linear.
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[0009] In some arrangements, the first tooth may be the tooth to be treated such that
the inner surface is configured for attachment to the tooth to be treated.

[0010] In some arrangements, the dental guide device may further include a tooth
wrap. The tooth wrap may extend from the main body. In some such arrangements, the tooth
wrap may include the inner surface and the first tooth may include one tooth or a plurality of
teeth of the patient different from the tooth to be treated.

[0011] In some arrangements, a cross-section of the first guide channel may define an
oval or a polygon. In some such arrangements, the cross-section of the first guide channel
may define a circle.

[0012] In some arrangements, the first guide channel may extend through a sidewall
of the main body to define an entryway configured for receipt of the dental tool into the first
guide channel in a direction parallel to a direction the channel longitudinal axis extends
through the entryway.

[0013] In some arrangements, the dental guide device may further include a
passageway. The passageway may intersect the first guide channel and may extend through a
sidewall of the body in a direction transverse to a direction the channel longitudinal axis
extends at the intersection between the passageway and the first guide channel. The
passageway may be configured for receipt of the flange of the dental tool through the
passageway and into the first guide channel.

[0014] In some arrangements, the main body of the dental guide device may further
include a second guide channel and a second opening. The second guide channel may extend
at least partially through the main body. The second guide channel may be configured for
contacting a second flange of the dental tool extending from the shaft of the dental tool to
limit the movement of the dental tool. The second guide channel may define a second
channel diameter in the first direction. The second opening may extend between the second
guide channel and the aperture. The second opening may have a second opening diameter
that may be less than the second channel diameter.

[0015] In some arrangements, the first and the second channel diameters may be the
same. In some arrangements, a cross-section of the second guide channel may be a mirror
image of a cross-section of the first guide channel.

[0016] In some arrangements, a cross-section of the second guide channel within a

first plane may be spaced from a cross-section of the first guide channel within the first plane.
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[0017] In some arrangements, the first and the second guide channels may intersect

such that the second guide channel further defines the channel longitudinal axis.

[0018] In some arrangements, the first and the second guide channels may not
intersect.
[0019] In some arrangements, the first and the second guide channels may extend

through a sidewall of the body to define an entryway configured for receipt of the dental tool
into the first and the second guide channels.

[0020] In some arrangements, the dental guide device may further include first and
second passageways. The first and the second passageways may intersect the first and the
second guide channels, respectively. The first and the second passageways may extend
through a sidewall of the body in a direction transverse to the direction the channel
longitudinal axis extends at the intersection between the first passageway and the first guide
channel. The first and the second passageways may be configured for receipt of opposing
first and second flanges of the dental tool through the first and the second passageways and

into the first and the second guide channels, respectively.

[0021] In some arrangements, the first and the second flanges may be ends of a single
bar.
[0022] In some arrangements, the dental guide device may further include third and

fourth passageways. The third and the fourth passageways may extend through the sidewall
of the body in the direction transverse to the direction the channel longitudinal axis extends at
the intersection between the first passageway and the first guide channel. The third and the
fourth passageways may intersect the first and the second guide channels at locations spaced
apart from locations at which the first and the second passageways intersect the first and the
second guide channels, respectively. The third and the fourth passageways may be
configured for receipt of third and fourth flanges of the dental tool through the third and the
fourth passageways and into the first and the second guide channels, respectively.

[0023] In some arrangements, the first and the second flanges may be ends of a single
bar. In some arrangements including some arrangements in which the first and the second
flanges are ends of the single bar, the third and the fourth flanges may be ends of a separate
single bar.

[0024] In some arrangements, the first opening may be elongated.
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[0025] In some arrangements, a longitudinal axis defined by the first opening within a
cross-section of the device may extend at an oblique angle to a longitudinal axis defined by
the aperture through the cross-section of the device.

[0026] In accordance with another aspect, a tooth preparation system configured for
the removal of a predetermined portion of tooth structure from a tooth to be treated in the
mouth of a patient to prepare the tooth to be treated for the placement of a restoration on the
tooth to be treated may include a dental tool and a dental guide device. The dental tool may
include a handpiece, opposing first and second flanges, and a cutting tool. The opposing first
and second flanges may be attached to the handpiece. The cutting tool may be attached to the
handpiece for removal of tooth structure. The cutting tool may define a central tool axis
extending in a direction transverse to a direction each of the first and the second flanges
extend. The dental guide device may be configured for contacting the dental tool to limit the
movement of the dental tool in the removal of the predetermined portion of tooth structure
from the tooth to be treated in the mouth of a patient. The dental guide device may include
an inner surface and a main body. The inner surface may be configured for attachment to a
first tooth such that the dental guide device is releasably fixable to the first tooth. The main
body may be attached to the inner surface and may include a first guide channel, an aperture,
a first opening, a second guide channel, and a second opening. The first guide channel may
extend at least partially through the main body and may define a channel longitudinal axis.
The first guide channel may be configured for contacting a first flange of the dental tool
extending from a shaft of the dental tool to limit a movement of the dental tool and defining a
first channel diameter in a first direction perpendicular to one or more directions the channel
longitudinal axis extends. The aperture may extend through the main body and may be
configured to expose at least the predetermined portion of the tooth to be treated. The first
opening may extend between the first guide channel and the aperture. The first opening may
have a first opening diameter in the first direction that is less than the first channel diameter.
The aperture may extend beyond the first opening in the first direction. The second guide
channel may extend at least partially through the main body. The second guide channel may
be configured for contacting a second flange of the dental tool extending from the shaft of the
dental tool to limit the movement of the dental tool. The second guide channel may define a
second channel diameter in the first direction. The second opening may extend between the

second guide channel and the aperture. The second opening may have a second opening
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diameter in the first direction that is less than the second channel diameter. The first and the
second guide channels may include a curved section. The curved section may curve in a
plane orthogonal to the central tool axis such that when the dental guide device is attached to
the first tooth and the first and the second flanges of the dental tool are in contact with the
first and the second guide channels, respectively, the first and the second guide channels limit
the movement of the dental tool such that tooth structure is removable by the dental tool from
any two sides of the tooth to be treated selected from the group consisting of the buccal,
lingual, mesial, distal, and occlusal sides of the tooth to be treated.

[0027] In some arrangements, the central tool axis may extend orthogonally to a
direction each of the first and the second flanges extend.

[0028] In some arrangements, the first and the second flanges may be integral with a
portion of the handpiece such that each of the first and the second flanges may be inseparable
from the handpiece without fracture of either one or both of the flange and the handpiece.
[0029] In some arrangements, the tooth preparation system may be part of a tooth
restoration system that may further include a restoration for placement on the tooth to be
treated after preparation of the tooth to be treated. In some such arrangements, the restoration
may be a crown, in particular a “margin crown” that closely follows the gingival margin of a
patient, a veneer, an inlay, an onlay, or a unit of a multi-unit bridge. In some arrangements,
the first tooth may be the tooth or a plurality of teeth to be treated. Alternatively, the first
tooth may be a different tooth than the tooth or the teeth to be treated.

[0030] In accordance with an aspect, a tooth preparation system configured for the
removal of a predetermined portion of tooth structure from a tooth to be treated in the mouth
of a patient to prepare the tooth to be treated for the placement of a restoration on the tooth to
be treated may include a dental tool and a dental guide device. The dental tool may include a
handpiece, opposing first and second flanges, and a cutting tool. The opposing first and
second flanges may be attached to the handpiece. The cutting tool may be attached to the
handpiece for removal of tooth structure. The cutting tool may define a central tool axis
extending in a direction transverse to a direction each of the first and the second flanges
extend. The dental guide device may be configured for contacting the dental tool to limit the
movement of the dental tool in the removal of the predetermined portion of tooth structure
from the tooth to be treated in the mouth of a patient. The dental guide device may include

an inner surface and a main body. The inner surface may be configured for attachment to a
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first tooth such that the dental guide device is releasably fixable to the first tooth. The main
body may be attached to the inner surface and may include a first guide channel, an aperture,
a first opening, a second guide channel, and a second opening. The first guide channel may
extend at least partially through the main body and may define a channel longitudinal axis.
The first guide channel may be configured for contacting a first flange of the dental tool
extending from a shaft of the dental tool to limit a movement of the dental tool and defining a
first channel diameter in a first direction perpendicular to one or more directions the channel
longitudinal axis extends. The aperture may extend through the main body and may be
configured to expose at least the predetermined portion of the tooth to be treated. The first
opening may extend between the first guide channel and the aperture. The first opening may
have a first opening diameter in the first direction that is less than the first channel diameter.
The aperture may extend beyond the first opening in the first direction. The second guide
channel may extend at least partially through the main body. The second guide channel may
be configured for contacting a second flange of the dental tool extending from the shaft of the
dental tool to limit the movement of the dental tool. The second guide channel may define a
second channel diameter in the first direction. The second opening may extend between the
second guide channel and the aperture. The second opening may have a second opening
diameter in the first direction that is less than the second channel diameter. Each of the first
and the second guide channels may include a curved section. The curved section may curve
in respective planes parallel to the central tool axis such that when the dental guide device is
attached to the first tooth and the first and the second flanges of the dental tool are in contact
with the first and the second guide channels, respectively, the first and the second guide
channels limit the movement of the dental tool such that tooth structure is removable by the
dental tool from the tooth to be treated at varying depths relative to a plane perpendicular to
the central tool axis.

[0031] In some arrangements, the central tool axis may extend orthogonally to a
direction each of the first and the second flanges extend.

[0032] In some arrangements, the first and the second flanges may be integral with a
portion of the handpiece such that each of the first and the second flanges are inseparable
from the handpiece without fracture of either one or both of the flange and the handpiece.
[0033] In some arrangements, the dental tool may be configured to travel within the

dental guide device. In such arrangements, the first and the second guide channels may limit
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the movement of the dental tool during the travel of the dental tool within the guide device
such that tooth structure is removable by the dental tool from the tooth to be treated a fixed
distance above a gingival margin of a patient over a discrete distance that the dental tool is
configured to travel within the dental guide device.

[0034] In some arrangements, the tooth preparation system may be part of a tooth
restoration system that may further include a restoration for placement on the tooth to be
treated after preparation of the tooth to be treated. In some such arrangements, the restoration
may be a crown, in particular a “margin crown” that closely follows the gingival margin of a
patient, a veneer, an inlay, an onlay, or a unit of a multi-unit bridge. In some arrangements,
the first tooth may be the tooth or a plurality of teeth to be treated. Alternatively, the first
tooth may be a different tooth than the tooth or the teeth to be treated.

[0035] In accordance with another aspect, a dental guide device may be configured
for contacting a dental tool to limit the movement of the dental tool in the removal of a
predetermined portion of tooth structure from a tooth to be treated in the mouth of a patient.
The dental guide device may include an inner surface and a main body. The inner surface
may be configured for attachment to a first tooth such that the dental guide device may be
releasably fixable to the first tooth. The main body may be attached to the inner surface and
may include a passageway, a first slot, a second slot, and an aperture. The passageway may
extend at least partially through the main body. The first slot may extend through a surface
of the main body and into the passageway. The second slot may extend through a surface of
the main body and into the passageway. The first and the second slots may define respective
longitudinal axes intersecting or parallel to each other within a cross-section of the guide
device through the first and the second slots and further may be configured to receive bars of
a dental tool. The aperture may extend through the main body and may be configured to
expose at least the predetermined portion of the tooth to be treated. The passageway may be
configured to contact the bars of the dental tool to limit the movement of the dental tool to
remove at most the predetermined portion of tooth structure to be removed from the tooth to
be treated.

[0036] In some arrangements, the first tooth may be the tooth to be treated or a
plurality of teeth to be treated. In this manner, the first tooth may be configured for

attachment to the tooth to be treated or the plurality of teeth to be treated as the case may be.
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[0037] In some arrangements, a tooth wrap may extend from the main body. In such
arrangements, the tooth wrap may include the inner surface and the first tooth may include a
tooth of the patient different from the tooth or the teeth to be treated.

[0038] In accordance with another aspect, a tooth preparation system for the removal
of a predetermined portion of tooth structure from a tooth to be treated in the mouth of a
patient to prepare the tooth to be treated for the placement of a restoration on the tooth to be
treated may include a dental tool and a dental guide device. The dental tool may include a
handpiece, a first bar, and a second bar. The handpiece may include a main shaft that may
define a central axis. The first bar may be attached to the main shaft and may extend in a first
direction transverse to a direction the central axis extends. The first bar may define a first bar
end configured for receipt into and contact with a dental guide device. The second bar may
be attached to the main shaft and may extend in a second direction transverse to the direction
the central axis extends. The second bar may define a second bar end configured for receipt
into and contact with a dental guide device. The first bar may define a first longitudinal axis
and the second bar may define a second longitudinal axis. The first and the second
longitudinal axes may be in different planes parallel to a plane including the central axis or in
different planes each including the central axis. The dental guide device may be configured
for contacting the dental tool to limit the movement of the dental tool in the removal of a
predetermined portion of tooth structure from a tooth to be treated in the mouth of a patient.
The dental guide device may include an inner surface and a main body. The inner surface
may be configured for attachment to a first tooth such that the dental guide device may be
releasably fixable to the first tooth. The main body may be attached to the inner surface and
may include a passageway, a first slot, a second slot, and an aperture. The passageway may
extend at least partially through the main body. The first slot may extend through a surface
of the main body and into the passageway. The second slot may extend through a surface of
the main body and into the passageway. The first and the second slots may define respective
longitudinal axes intersecting or parallel to each other and may be configured to receive bars
of a dental tool. The aperture may extend through the main body and may be configured to
expose at least the predetermined portion of the tooth to be treated. The passageway may be
configured to contact the bars of the dental tool to limit the movement of the dental tool to

remove at most the predetermined portion of tooth structure to be removed from the tooth to
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be treated. The first slot and the second slot of the dental guide device may be configured to
simultaneously receive the first bar and the second bar of the dental tool.

[0039] In accordance with another aspect, a dental cutting tool configured for
contacting a dental guide device to guide the dental cutting tool may include a main shaft, a
first bar, and a second bar. The main shaft may define a central axis. The first bar may be
attached to the main shaft and may extend in a first direction transverse to a direction the
central axis extends. The first bar may define a first bar end configured for receipt into and
contact with the dental guide device. The second bar may be attached to the main shaft and
may extend in a second direction transverse to the direction the central axis extends. The
second bar may define a second bar end configured for receipt into and contact with the
dental guide device. The first bar may define a first longitudinal axis, and the second bar
may define a second longitudinal axis. The first and the second longitudinal axes may be in
different planes parallel to a plane including the central axis or in different planes each
including the central axis.

[0040] In some arrangements, the first and the second directions may be the same
direction. In some arrangements, the first direction and the second direction may be
perpendicular to the central axis.

[0041] In some arrangements, the dental cutting tool may further include a third bar.
The third bar may be attached to the main shaft and may extend in a third direction transverse
to the direction the central axis extends. Each of the first, the second, and the third directions
may be different.

[0042] In some arrangements, the first, the second, and the third bars may be equally
spaced circumferentially from each other within a projection of the first, the second, and the
third bars onto a plane.

[0043] In some arrangements, the first bar and the second bar may define respective
longitudinal axes that form an angle of at least 90 degrees with respect to each other within a
projection of the first and the second bars onto a plane.

[0044] In some arrangements, the dental cutting tool may further include opposing
partial spheres on ends of each of the first and the second bars.

[0045] In some arrangements, the dental cutting tool may further include a first partial

cylinder, partial ovular prism, or partial polyhedron on an end of each of the first and the
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second bars opposing a second partial cylinder, partial ovular prism, or partial polyhedron on
an opposing end of each of the first and the second bars.

[0046] In some arrangements, the dental cutting tool may further include a dental bur
extending at least partially through the main shaft.

[0047] In some arrangements, the first bar and the second bar may be integral with
the main shaft such that the first bar, the second bar, and the main shaft may be inseparable
without fracture of any one or any combination of the first bar, the second bar, and the main
shaft.

[0048] In accordance with another aspect, a tooth preparation system for the removal
of a predetermined portion of tooth structure from a tooth to be treated in the mouth of a
patient may include a dental cutting tool and a dental guide device. The dental cutting tool
may be configured for contacting a dental guide device to guide the dental cutting tool. The
dental cutting tool may include a main shaft, a first bar, and a second bar. The main shaft
may define a central axis. The first bar may be attached to the main shaft and may extend in
a first direction transverse to a direction the central axis extends. The first bar may define a
first bar end configured for receipt into and contact with the dental guide device. The second
bar may be attached to the main shaft and may extend in a second direction transverse to the
direction the central axis extends. The second bar may define a second bar end configured
for receipt into and contact with the dental guide device. The first bar may define a first
longitudinal axis, and the second bar may define a second longitudinal axis. The first and the
second longitudinal axes may be in different planes parallel to a plane including or in
different planes each including the central axis. The dental guide device may include an
inner surface and a main body. The inner surface may be configured for attachment to a first
tooth such that the dental guide device may be releasably fixable to the first tooth. The main
body may be attached to the inner surface and may include a first guide channel, an aperture,
a first opening, a second guide channel, and a second opening. The first guide channel may
extend at least partially through the main body and may define a channel longitudinal axis.
The first guide channel may be configured for contacting the first bar of the dental cutting
tool to limit a movement of the dental cutting tool. The first guide channel may define a first
channel diameter in a first direction perpendicular to directions the channel longitudinal axis
extends. The aperture may extend through the main body and may be configured to expose at

least the predetermined portion of the tooth to be treated. The first opening may extend
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between the first guide channel and the aperture. The first opening may have a first opening
diameter that is less than the first channel diameter. The second guide channel may extend at
least partially through the main body. The second guide channel may be configured for
contacting the second bar of the dental cutting tool to limit the movement of the dental
cutting tool. The second guide channel may define a second channel diameter in the first
direction. The second opening may extend between the second guide channel and the
aperture. The second opening may have a second opening diameter that is less than the
second channel diameter.

[0049] A dental guide device for contacting a dental tool to limit the movement of the
dental tool in the removal of a predetermined portion of tooth structure from a tooth to be
treated in the mouth of a patient may include an inner surface and a main body. The inner
surface may be configured for attachment to a first tooth such that the dental guide device is
releasably fixable to the first tooth. The main body may be attached to the inner surface and
may include a first guide channel, an aperture, a second guide channel, and a third guide
channel. The first guide channel may extend at least partially through the main body and
may define a channel longitudinal axis. The first guide channel may be configured for
contacting a first bar of the dental tool to limit a movement of the dental tool and may define
a first channel diameter in a first direction perpendicular to directions the channel
longitudinal axis extends. The aperture may extend through the main body and may be
configured to expose at least the predetermined portion of the tooth to be treated. The second
guide channel may extend at least partially through the main body on a side of the aperture
opposite the first guide channel. The second guide channel may be configured for contacting
a second bar of the dental tool to limit the movement of the dental tool and may define a
second channel diameter in the first direction. The third guide channel may extend at least
partially through the main body on the same side of the aperture as the first guide channel.
The third guide channel may be below the first guide channel. The third guide channel may
be configured for contacting a third bar of the dental tool to limit the movement of the dental
tool and may define a third channel diameter in the first direction.

[0050] In some arrangements, the main body of the dental guide device may include a
fourth guide channel that may extend at least partially through the main body on the same
side of the aperture as the second guide channel. The fourth guide channel may be below the

second guide channel. The fourth guide channel may be configured for contacting a fourth
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bar of the dental tool to limit the movement of the dental tool and may define a fourth
channel diameter in the first direction.

[0051] In some arrangements, at least the first channel diameter, the second channel
diameter, and the third channel diameter may be the same diameter.

[0052] In some arrangements, the dental guide device may further include a first
opening, a second opening, and a third opening. The first opening may extend between the
first guide channel and the aperture. The first opening may have a first opening diameter that
may be less than the first channel diameter. The second opening may extend between the
second guide channel and the aperture. The second opening may have a second opening
diameter that may be less than the second channel diameter. The third opening may extend
between the third guide channel and the aperture. The third opening may have a third
opening diameter that may be less than the third channel diameter. Longitudinal axes defined
by each of the first opening, the second opening, and the third opening within a cross-section
of the dental guide device may extend at oblique angles to a longitudinal axis defined by the
aperture through the cross-section of the dental guide device.

[0053] In some arrangements, longitudinal axes defined by each of the first guide
channel, the second guide channel, and the third guide channel within a cross-section of the
dental guide device may extend at oblique angles to a longitudinal axis defined by the
aperture through the cross-section of the dental guide device.

[0054] In accordance with another aspect, a dental guide device configured for
contacting a dental tool to limit the movement of the dental tool in the removal of a
predetermined portion of tooth structure from a tooth to be treated in the mouth of a patient
may include a body that may include an inner surface and a channel. At least a portion of the
inner surface may be configured for releasable attachment to a first tooth. The channel may
extend through the inner surface. The channel may define a central region and first and
second annex regions spaced from the central region for introduction of a dental tool. Each
of the first and the second annex regions may be in communication with the central region via
respective first and second openings. The central region may have a first height taken in a
first direction. The first annex region may have a second height taken in a first direction that
is less than the first height. The first opening may have a third height taken in the first

direction that is less than the second first height. The second annex region may have a fourth
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height taken in the first direction that is less than the first height. The second opening may
have a fifth height taken in the first direction that is less than the further height.

[0055] In some arrangements, the first tooth may be the tooth to be treated or a
plurality of teeth to be treated. Alternatively, the first tooth may be a different tooth than the
tooth to be treated or the plurality of the teeth to be treated as the case may be.

[0056] In some arrangements, the dental tool may include a cutting tool that defines a
longitudinal axis. In such arrangements, the first and the second annex regions may be offset
from the longitudinal axis. In some such arrangements, a tooth preparation system for the
removal of a predetermined portion of tooth structure from a tooth to be treated in the mouth
of a patient may include the dental cutting tool and the dental guide device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] A more complete appreciation of the subject matter of the present technology
and the various advantages thereof may be realized by reference to the following detailed
description which refers to the accompanying drawings, in which:

[0058] FIGS. 1A-1C are perspective views of a tooth preparation system in

accordance with an embodiment;

[0059] FIG. 2A-2C are perspective views of a tooth preparation guide of the tooth
preparation system of FIGS. 1A and 1B in accordance with another embodiment;

[0060] FIG. 2D is a cross-sectional elevation view of the tooth preparation guide of
FIGS. 2A-2C taken along lines 2D-2D as shown in FIG. 2E;

[0061] FIG. 2E is a plan view of the tooth preparation guide of FIGS. 2A-2D;

[0062] FIGS. 3A and 3B are perspective views of a dental tool of the tooth

preparation system of FIGS. 1A and 1B in accordance with another embodiment;

[0063] FIG. 4 is a perspective view of a tooth preparation guide in accordance with
another embodiment;

[0064] FIGS. 5A and 5B are perspective views of a dental tool, shown in pre-
assembled and assembled states, respectively, in accordance with another embodiment;
[0065] FIG. 6A is a partial perspective view of a dental tool in accordance with
another embodiment;

[0066] FIG. 6B is a cross-sectional plan view of the dental tool of FIG. 6A along lines
6B-6B;
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[0067] FIG. 6C is a partial cross-sectional perspective view of a tooth preparation

guide in accordance with another embodiment;

[0068] FIG. 6D is a partial cross-sectional plan view of the tooth preparation guide of
FIG. 6C;

[0069] FIG. 7 is a perspective view of an outer shell guide in accordance with another
embodiment;

[0070] FIG. 8A is a perspective view of a portion of a dental tool in accordance with

another embodiment;

[0071] FIG. 8B is a perspective view of a tooth preparation guide in accordance with
another embodiment;

[0072] FIG. 8C is a perspective view of a tooth preparation system that includes the
dental tool of FIG. 8A and the tooth preparation guide of FIG. 8B in accordance with an
embodiment;

[0073] FIG. 9A is a perspective view of a tooth preparation system in accordance
with another embodiment;

[0074] FIG. 9B is a perspective view of a tooth preparation guide of the tooth
preparation system of FIG. 9A in accordance with another embodiment;

[0075] FIG. 10A is an elevation view of a dental tool of the tooth preparation system
of FIG. 8A in accordance with another embodiment;

[0076] FIG. 10B is a perspective view of the dental tool shown in FIG. 9A;

[0077] FIG. 11 is a perspective view of a prepared tooth following use of the tooth
preparation system of FIGS. 1A and 1B on a tooth to be treated; and

[0078] FIG. 12 is a process flow diagram of a process for preparing a dental
instrument in accordance with an embodiment.

DETAILED DESCRIPTION

[0079] Referring now to FIGS. 1A-1C, tooth preparation system 100 includes tooth
preparation guide 110 and dental tool 150 configured to be guided by the tooth preparation
guide in removing tooth structure from one or more working teeth to be treated in the mouth
of a patient. In the example shown, guide 110 is configured for contacting a dental tool, such
as dental tool 150, to guide the dental tool along a predetermined path in the removal of the
distal side and portions of the buccal and lingual sides of a tooth to be treated (or in some

arrangements, a plurality of teeth to be treated), and thereby in the removal of a portion of an
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occlusal surface of the tooth to be treated, in preparing the tooth to be treated to receive a
crown, in particular a “margin crown” as described previously herein, a veneer, an inlay, an
onlay, or a unit of a multi-unit bridge. In some alternative arrangements, a guide in
accordance with the present technology may be fabricated for use in contacting a dental tool
to guide the dental tool along a predetermined path in removing tooth structure from one or
more teeth to be treated to prepare the one or more teeth to be treated to receive any one of
various restorations including but not limited to (i) a crown in which tooth structure may be
removed from the tooth to be treated with an alternative approach to that shown in FIGS. 1A
and 1B, (ii) a veneer in which at least a portion of a buccal surface of the tooth to be treated
may be removed, or (iii) a bridge in which tooth structure from adjacent teeth to be treated
may be removed to receive the bridge between the adjacent teeth.

[0080] As shown in FIGS. 2A-2D, tooth preparation guide 110 is configured for
removing tooth structure from a first molar of a patient, and thus includes main body 120,
distal wrap 145A extending from a distal side of the main body, and mesial wrap 145B
extending from a mesial side of the base, which may be prepared in the manner disclosed in
U.S. Patent Application Publication No. 2018/0263726 Al (“the *726 Application™), the
entire disclosure of which is hereby incorporated by reference herein. As shown, distal wrap
145A includes distal inner surface 146A extending from a lingual side to a buccal side of a
second molar of the patient and substantially matching a contour of the surfaces of the second
molar over which the distal inner surface extends. Similarly, mesial wrap 145B includes a
mesial inner surface (not shown) that extends from a lingual side to a buccal side of each of
the set of the teeth adjacent to the first molar of the patient in the mesial direction that include
the lateral incisor on the opposite side of the mouth of the patient, i.e., from the second
premolar (bicuspid) to the lateral incisor such that portions of both lateral incisors are
covered. As in the example shown, the mesial inner surface of mesial wrap 145B may
substantially match a contour of the surfaces over which the mesial inner surface extends.
[0081] In some alternative arrangements, the tooth preparation guide may include a
main body that covers a tooth or even a set of teeth to be treated different than a single first
molar and, accordingly, may include one or more wraps that cover and substantially match a
contour of different teeth than those covered by distal wrap 145A and mesial wrap 145B such
that the wrap is releasably fixed to the teeth, i.e., extends around the crown of one or more of

the teeth so as to be adequately in contact with the teeth and so that, once applied, the wrap
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will not be released even if certain pressure, due to a normal use of the overlay, is applied. In
some such arrangements, the tooth preparation guide may include only one wrap, such as in
the example when the tooth to be treated is a second molar in which example only a mesial
wrap may be attached to the base covering the tooth to be treated.

[0082] As further shown, main body 120 includes insertion section 125 configured to
receive a dental tool, such as but not limited to dental tool 150, and operable section 135. In
the example shown, insertion section 125 of main body 120 includes opposing guide channels
122 A, 122B, head channel 124, tool channel 126, opposing flange openings 127A, 127B, and
opposing chamfered edges 128A, 128B. As shown, each of opposing guide channels 122A,
122B, head channel 124, tool channel 126, opposing flange openings 127A, 127B, and
opposing chamfered edges 128A, 128B extend through sidewall 130 of insertion section 125
to define entryway 132 and extend through the insertion section to operable section 135 such
that they pass through a thickness of the insertion section. In the example shown, operable
section 135 of main body 120 includes opposing guide channels 122A, 122B as such
channels continue from insertion section 125, head channel 124 as such channel continues
from the insertion section, tool aperture 136, opposing flange openings 127A, 127B as such
openings continue from the insertion section, and opposing chamfered edges 128A, 128B as
such edges continue from the insertion section.

[0083] As shown, opposing guide channels 122A, 122B extend partially through
operable section 135, define channel longitudinal axes, and are configured to receive and to
contact opposing flanges of a dental tool. In this example, the portions of the longitudinal
axes defined by opposing guide channels 122A, 122B in insertion section 125 are linear and
parallel whereas the portions of the longitudinal axes defined by the opposing guide channels
in operable section 135 are curvilinear and non-parallel but generally in a similar direction
until the opposing guide channels converge or at least end at respective end portions 123 in
the operable section. In this manner, with reference to FIG. 1A, insertion section 125 of main
body 120 of guide 110 may receive dental tool 150 and, with reference to FIG. 1B, end
portion 123 of operable section 135 of the main body may limit the total travel of the dental
tool within guide 110. In some alternative arrangements, the opposing guide channels may
intersect within end portion 123 such that the opposing guide channels define a common
longitudinal axis or may extend through a thickness of the main body of the tooth preparation

guide such that a dental tool may be removed from the main body at a different location than
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the entryway of the main body, in contrast to arrangements such as guide 110 in which a
dental tool is both inserted and removed from entryway 132. In any such arrangements, each
channel longitudinal axis may be linear or curvilinear along any portion of the channel
longitudinal axis.

[0084] As in the example shown, a cross-section of each of opposing guide channels
122 A, 122B is substantially circular in order to receive a complementary spherical flange of a
dental tool, such as one of opposing first flanges 152A, 152B and consecutively one of
opposing second flanges 154A, 154B of dental tool 150 described further herein. Opposing
guide channels 122A, 122B each define a guide channel diameter in a first direction
transverse, and as shown perpendicular, to the channel longitudinal axis. In certain
alternative arrangements, a cross-section of one or both of the opposing guide channels may
define a different shape such as but not limited to an oval different from a circle or a polygon,
whether regular or irregular that may correspond to differently shaped flanges of a dental
tool.

[0085] In the example shown, head channel 124 extends between and is defined by
central walls of main body 120 generally above and below opposing guide channels 122A,
122B, respectively. As in this example, head channel 124 may be configured for receiving
guide head 156 of dental tool 150 described further herein or a similarly shaped portion of a
dental tool along a length of the head channel. Tool channel 126 extends from head channel
124 and, as in this example, may be substantially greater in depth than in width (within a
plane perpendicular to longitudinal axes of opposing guide channels 122A, 122B) for
receiving cutting tool 155 of dental tool 150 described further herein or other tools having a
similar profile. As in the example shown, tool channel 126 may extend to and transition to
tool aperture 136 providing an opening for exposing the tooth to be treated or plurality of
teeth to be treated for the removal of tooth structure from the tooth or teeth to be treated. As
best shown in FIG. 2D, in some arrangements such as in the example shown, tool channel
126 may extend only within insertion section 125, and tool aperture 136 may extend only
within operable section 135. Tool channel 126 may have a sufficient width in a direction
between the opposing walls defining the tool channel, as in the example shown, such that the
tool channel receives cutting tool 155 along a length of the tool channel in a direction parallel
to the longitudinal axes of opposing guide channels 122A, 122B without the dental tool
contacting the tool channel. As best shown in FIGS. 2B and 2C, opposing chamfered edges
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128A, 128B extend from the respective walls defining head channel 124 to define an upper
opening and clearance for a shaft or housing of a dental tool such as but not limited to
housing 158 of main head 159 of dental tool 150.

[0086] As also best shown in FIGS. 2B and 2C, each of opposing flange openings
127A, 127B extends between head channel 124 and a respective one of the opposing guide
channels 122A, 122B. Each of flange openings 127A, 127B may have an opening diameter
in the first direction, which may be a height of each flange opening, that is less than a guide
channel diameter of its adjacent guide channel 122A, 122B, which may be a height of each of
the guide channels. In some arrangements, the opening diameter may be a maximum height
of the flange openings, and in some arrangements, the guide channel diameter may be a
maximum height of the guide channels.

[0087] In insertion section 125, opposing chamfered edges 128A, 128B, head channel
124, and tool channel 126 define a central channel or insertion central region having a
volume within the insertion section. Similarly, in operable section 135, opposing chamfered
edges 128A, 128B, head channel 124, and tool aperture 136 define a central aperture or
operable central region having a volume within the operable section. Each of the insertion
and operable central regions define an overall central region collectively. Each of guide
channels 122A, 122B define first and second insertion and first and second operable annex
regions on opposing sides of the insertion section 125 and the operable section 135,
respectively, in which the first insertion annex region and the first operable annex region
define a first overall annex region and the second insertion annex region and the second
operable annex region define a second overall annex region. In this context and in the
example of FIGS. 1A-2D, heights of the flange openings between the insertion central region
and the first insertion annex region and between the insertion central region and the second
insertion annex region are less than respective heights of the first and the second insertion
annex regions to which they are adjacent. Similarly, heights of the flange openings between
the operable central region and the first operable annex region and between the operable
central region and the second operable annex region are less than the respective heights of the
first and the second operable annex regions to which they are adjacent.

[0088] Referring now to FIGS. 3A and 3B, dental tool 150 may be in the form of a
dental handpiece that includes handle 157, main head 159, guide head 156, first connection

bar 151, opposing first flanges 152A, 152B, second connection bar 153, opposing second
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flanges 154 A, 154B, and cutting tool 155. In the example shown, main head 159 extends
from handle 157 and may be a drive head having a main shaft attached to cutting tool 155 for
providing high-speed rotation to the cutting tool in a manner similar to other dental
handpieces known to those skilled in the art. As further shown, main head 159 includes
housing 158 having head chamfer 159A facing towards cutting tool 155. Head chamfer
159A may correspond to chamfered edges 128A, 128B when dental tool 150 is fully and
properly inserted into tooth preparation guide 110. Guide head 156 extends from main head
159 to provide a base for first and second connection bars 151, 153 attached to the guide
head. As in the example shown, in some arrangements, a combination of first connection bar
151 and opposing first flanges 152A, 152B may be identical or at least substantially identical
to a combination of second connection bar 153 and opposing second flanges 154 A, 154B. As
shown, each of opposing first flanges 152A, 152B and opposing second flanges 154 A, 1524B
may be in the form of partial spheres such that they have circular cross-sections to correspond
with opposing guide channels 122A, 122B such that the flanges fit closely within the
corresponding guide channels. In some alternative arrangements, any one oOr any
combination of such flanges may be but are not limited to being in the form of partial
cylinders, partial ovular prisms, partial polyhedrons, or irregular shapes in which the
opposing guide channels of a corresponding tooth preparation guide have cross-sections that
correspond with cross-sections of such flanges such that the flanges fit closely within the
corresponding guide channels.

[0089] As best shown in FIG. 3B, first and second connection bars 151, 153 are
attached to guide head 156 at their respective centers, although in some alternative
arrangements, the first and the second connection bars may be attached to the guide head at
positions offset from the center depending on the needs of the patient. As in the example
shown, first and second connection bars 151, 153 may be welded to guide head 156, although
in alternative arrangements, the connection bars may be attached by a fastener such as but not
limited to a screw or by other attachment means known to those skilled in the art. As shown,
first and second connection bars 151, 153 extend in a direction orthogonal to a direction in
which a longitudinal axis defined by cutting tool 155 extends, although in some alternative
arrangements, the connection bars may extend in other directions transverse to a direction in

which the longitudinal axis defined by the cutting tool extends. As further shown, cutting
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tool 155, which may be a dental bur, extends below guide head 156 such that the cutting tool
is uncovered below a substantial portion of its length.

[0090] Referring again to FIG. 1A, in using tooth preparation system 100, dental tool
150 preferably may be inserted into tooth preparation guide 110 such that first connection bar
151 and opposing first flanges 152A, 152B are inserted into entryway 132 together and
second connection bar 153 and opposing second flanges 154A, 154B are inserted into the
entryway together either before or after the combination of the first connection bar and the
opposing first flanges are inserted into the entryway. As demonstrated by FIG. 1C, when
dental tool 150 is inserted into guide 110, each of the first and the second connection bars
151, 153 are received and maintained in both opposing flange openings 127A, 127B while
each of opposing first flanges 152A, 152B are received and maintained in opposing guide
channels 122A, 122B, respectively, and each of opposing second flanges 154A, 154B are
also received and maintained in opposing guide channels 122A, 122B, respectively, while the
dental tool travels through the guide. In this manner, opposing first flanges 152A, 152B and
opposing second flanges 154 A, 154B contact opposing guide channels 122A, 122B such that
the guide channels guide the first and the second flanges and thereby guide dental tool 150
along a predetermined path set by the opposing guide channels. Such a predetermined path
may be in directions perpendicular to the longitudinal axis of cutting tool 155 of dental tool
150, in directions parallel to the longitudinal axis of the cutting tool, and in direction
transverse to the longitudinal axis of the cutting tool. As dental tool 150 travels along the
predetermined path, cutting tool 155 may remove predetermined tooth structure from the
tooth to be treated.

[0091] In some arrangements, either one or a combination of first connection bar 151
and second connection bar 153 may be dimensioned, and further, opposing flange openings
127A, 127B may be dimensioned, such that the opposing flange openings contact either one
or both of the first connection bar and the second connection bar to limit the movement of the
contacted one or both of the first connection bar and the second connection bar in a direction
parallel to the longitudinal axis of cutting tool 155 during travel of dental tool 150 through
guide 110. In other arrangements, the first connection bar 151, second connection bar 153,
and opposing flange openings 127A, 127B may be dimensioned to provide clearance such
that the connection bars do not contact the opposing flange openings during travel of dental

tool 150 through guide 110.
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[0092] With reference to FIG. 11, using guide 110, tooth structure may be removed
from buccal, distal, and lingual sides of a tooth to be treated, and thereby to remove a portion
of the occlusal surface of the tooth to be treated to form tooth 90, as shown. In the example
as shown, in so removing the tooth structure, opposing guide channels 122A, 122B of guide
110 contacted dental tool 150 to guide the dental tool in removing tooth structure from the
tooth to be treated in an occlusal direction down to a distance just above gingival margin 96
where tooth 90 meets gingiva 95 below the crown of the tooth. As demonstrated by FIG. 11,
the pathway of dental tool 150 caused by contact of dental tool 150 with guide 110 is one that
includes movement in a direction parallel to the longitudinal axis of cutting tool 155, along
with and even simultaneously with movement in a direction perpendicular to the longitudinal
axis of the cutting tool as in other systems, such as those described in the 726 Application,
such that the cutting tool removed tooth structure from the tooth to be treated at different
distances in an occlusal direction as the cutting tool traveled through the guide to prepare
tooth 90. In this manner, in general, the present technology allows tooth structure to be
removed close to the gingival margin with only a single guide or with fewer preparation
guides than guides previously known to those skilled in the art.

[0093] In particular, dental tool 150 contacts tooth preparation guide 110 at spaced
apart positions, e.g., at locations where opposing first flanges 152A, 152B and opposing
second flanges 154A, 154B contact opposing guide channels 122A, 122B to allow three-
dimensional movement in the form of a “roller coaster” as the spacing between the areas of
contact between the dental tool and the guide provides a space for a portion of the guide to
reside without contacting, and thus without interfering with, the dental tool. In this manner,
dental tool 150 in combination with tooth preparation guide 110 is able to move vertically
and horizontally along the path taken by the dental tool through the tooth preparation guide.
In some arrangements, dental tool 150 in combination with another tooth preparation guide is
able to move either one or both vertically and horizontally as well as to optionally tilt along
the path taken by the dental through the tooth preparation guide. Through any one or any
combination of such vertical, horizontal, and tilt movements, the cutting depth (i.e., the
amount of tooth structure configured for removal from the working tooth or working teeth in
a direction transverse to a longitudinal axis of cutting tool 155) and the cutting height (i.e.,
the amount of tooth structure configured for removal from the working tooth or working teeth

in a direction along the longitudinal axis of cutting tool 155) may be altered along the path
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dental tool 150 travels through guide 110. In this manner, dental tool 150 may follow along
the gum line of a patient, forming a smooth finish line for the patient, and thereby prepare the
working tooth or teeth to receive an implant, e.g., a “margin” crown, that extends to the gum
line of the patient. Further, dental tool 150 may be controlled within a tooth preparation
guide to be more minimally invasive such that less tooth structure may be removed from a
working tooth or working teeth using dental tool 150 in combination with a tooth preparation
guide, such as tooth preparation guide 110, than prior tooth preparation systems. In prior
systems, a plurality of tooth preparation guides are needed to achieve the same removal of
tooth structure as may be accomplished using dental tool 150 and suitable tooth preparation
guide for receiving the dental tool.

[0094] Referring now to FIG. 4, tooth preparation guide 110’ may be the same or
substantially the same as tooth preparation guide 110 with the notable exception that insertion
section 125 may be replaced by insertion section 125’. Insertion section 25° may be the same
or substantially the same as insertion section 125 with the notable exceptions that insertion
section 125’ does not include entryway 132 and instead includes passageways 132A’-132D’
for insertion of a dental tool such as dental tool 150 into guide 110°. In this manner, a tooth
preparation system including tooth preparation guide 110° may be the same as tooth
preparation system 100 with the exception of the differences between guide 110’ and guide
110. As shown, passageways 132A°-132D’ extend from surfaces 131A°, 131B’ to respective
opposing guide channels 122’ that are the same as opposing guide channels 122A, 122B with
the exception of the interfaces of the guide channels with the passageways. As further
shown, passageways 132A°-132D’ further extend through opposing chamfered edges 128’
that may be the same as opposing chamfered edges 128A, 128B with the exception of the
interfaces of the chamfered edges with the passageways. With passageways 132A’-132D’
configured as shown, first flange 152A of dental tool 150 may be received through
passageway 132A°, second flange 154A of dental tool 150 may be received through
passageway 132B°, first flange 152B of dental tool 150 may be received through passageway
132C’, and second flange 154B of dental tool 150 may be received through passageway
132D’ such that all of the flanges are then received into opposing guide channels 122°. Each
of first and second connection bars 151, 153 of dental tool 150 may be received through
opposing chamfered edges 128’ such that the connection bars are then received into opposing

flange openings 127’ that may be the same as opposing flange openings 127A, 127B with the
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exception of the interfaces of the flange openings with respective passageways 132A°-132D’.
In this manner, dental tool 150 may be received in guide 110’ such that the contact of the
dental tool with the guide guides the dental tool in the removal of tooth structure from the
tooth to be treated in the same manner as guide 110 contacts the dental tool to guide the
dental tool in the removal of tooth structure from the tooth to be treated.

[0095] With reference now to FIGS. 5A and 5B, dental tool 250 takes substantially
the same form as dental tool 150 but utilizing a two-piece assembly in which dental tool 250
includes dental handpiece 249, which as in the example shown may be in the form of a
standard dental handpiece as known to those skilled in the art, and outer shell guide 248.
Outer shell guide 248 includes handle shell 257A, main head shell 259A, guide head shell
256, first connection bar 251, opposing first flanges 252A, 252B, second connection bar 253,
and second flanges 254A, 254B but excludes cutting tool 255 which is part of dental
handpiece 249. Outer shell guide 248 generally may be made of a substantially rigid material
such as but not limited to a metal, e.g., stainless steel or aluminum, or a plastic, e.g.,
polyethylene, polypropylene, acrylic, or acetal.

[0096] As shown, handle shell 257A, main head shell 259A, and guide head shell
256A of outer shell guide 248 form an open cover for wrapping around longitudinal axes
defined by handle 257B, main head 259B, and guide head 258B of dental handpiece 249. In
this manner, as shown by the contrast between FIGS. 5A and 5B, dental handpiece 249 is
insertable into and removable from outer shell 248 in which cutting tool 255 extends through
a bottom, i.e., an outermost, portion of guide head shell 256 when the dental handpiece is
fully inserted into the outer shell guide and the cutting tool is pulled through the guide head
shell when the dental handpiece is removed from the outer shell guide. First connection bar
251, opposing first flanges 252A, 252B, second connection bar 253, and second flanges
254A, 254B are in the same form and operate in the same manner as corresponding first
connection bar 151, opposing first flanges 152A, 152B, second connection bar 153, and
opposing second flanges 154A, 154B of dental tool 150.

[0097] Referring now to FIGS. 6A and 6B, dental tool 350 is the same or
substantially the same as dental tool 150 with the exception that dental tool 350 includes
guide head 356, first connection bar 351 extending from guide head 356, first flanges 352A,
352B attached to first connection bar 351 on opposing ends of the first connection bar,

second connection bar 353, and second flanges 354A, 354B attached to second connection
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bar 353 on opposing ends of the second connection bar in place of corresponding first
connection bar 151, opposing first flanges 152A, 152B, second connection bar 153, and
opposing second flanges 154A, 154B of dental tool 150. Guide head 356, first connection
bar 351, and second connection bar 353 are the same or substantially the same as
corresponding guide head 156, first connection bar 151, and second connection bar 153 of
dental tool 150 with the exception that first connection bar 351 and second connection bar
353 each include first and second portions extending from guide head 356 at an angle to each
other and in transverse but non-perpendicular directions to directions that cutting tool 155
extends from guide head 356 as opposed to the single portion of first and second connection
bars 151, 152 that extend from guide head 156 in directions parallel to each other and in
directions orthogonal to the directions that cutting tool 155 extends.

[0098] As shown in FIG. 6A, first connection bar 351 is positioned higher along
guide head 356 than second connection bar 353. As further shown, the first and second
portions of first connection bar 351 are each linear and extend in a slightly upward direction,
i.e., slightly in the direction opposite the direction that cutting tool 155 extends from guide
head 356, and the first and second portions of second connection bar 353 extend in a slightly
downward direction, i.e., slightly in the same direction to the direction that cutting tool 155
extends from the guide head. As shown in FIG. 6B, the first and second portions of first
connection bar 351 also extend rearwardly and the first and second portions of second
connection bar 353 also extend forwardly such that each of the first and second connection
bars extend partially around a longitudinal axis defined by cutting tool 155. In this manner,
first and second connection bars 351, 353 define opposing contact areas configured for
contacting opposing points along a tooth preparation guide, e.g., tooth preparation guide 310
described further herein, thereby creating opposing forces acting against dental tool 350 such
that first flanges 352A, 352B and second flanges 354A, 354B may glide smoothly along
guide channels, such as upper and lower guide channels 322A, 322B, 322C, 322D of guide
310, in which the flanges are received.

[0099] As shown in FIGS. 6C and 6D, tooth preparation guide 310 is similar to tooth
preparation guide 110 with the notable exceptions that tooth preparation guide 310 includes
opposing upper guide channels 322A, 322B and opposing lower guide channels 322C, 322D
in place of opposing guide channels 122A, 122B, elongated opposing upper bar apertures or
openings 327A, 327B and elongated opposing lower bar apertures or openings 327C, 327D in

25



CA 03125470 2021-06-29

WO 2020/142767 PCT/US2020/012357

place of flange openings 127A, 127B, and head channel 324 in place of the combination of
head channel 124 and tool channel 126. Like tooth preparation guide 110, tooth preparation
guide 310 is configured for removing tooth structure to prepare a tooth to receive a dental
crown, although tooth preparation guide 310 has a general curvature configured for limiting
the movement of dental tool 350 to make an anterior cut of a tooth whereas tooth preparation
guide 110 has a general curvature configured for limiting the movement of dental tool 150 to
make a posterior cut of a tooth.

[0100] In this example, head channel 324 has a width sufficient to receive guide head
356 in which such width is constant along a length of the head channel to the bottom of
entryway 332. As shown by FIG. 6C, four guide channels 322A-322D and four bar apertures
327A-327D (guide channel 322A and bar aperture 327A being shown in cross-section)
collectively define an overall channel having a cross-section generally in the form of an “X”
providing additional stability relative to tooth preparation guide 110, including anti-tilting, of
a dental tool such as dental tool 350 inserted into tooth preparation guide 310 with first
flanges 352 A, 352B received in corresponding upper guide channels 322A, 322B and second
flanges 354 A, 354B received in corresponding lower guide channels 322C, 322D.

[0101] The “X” formation generally continues, with the exception of gaps and
crossovers noted below, throughout the length of the overall guide channel defined by guide
channels 322 A-322D and bar apertures 327A-327D. However, to accommodate the different
vertical locations of first flange 352A and second flange 354 A relative to guide head 356 and
the different vertical locations between first flange 352B and second flange 354B described
previously herein, the distance between upper guide channel 322A and lower guide channel
322C as well as the distance between upper guide channel 322B and lower guide channel
322D fluctuates along the length of the overall guide channel defined by guide channels
322A-322D and bar apertures 327A-327D. As with tooth preparation system 100, the
system of tooth preparation guide 310 and dental tool 350 provides a “roller coaster” effect,
exhibiting three-dimensional movement in which the cutting depth and the cutting height is
altered along the path dental tool 350 travels through guide 310.

[0102] In the example shown, guide channels 322A-322D include curves along their
lengths, although in alternative arrangements, the guide channels may include linear portions,
e.g., within the insertion section that initially receives dental tool 350. Additionally, in the

example shown, gaps are provided in guide channels 322 A-322D such that, along portions of
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the path traversed by dental tool 350 when the dental tool is moved along guide channels
322A-322D through tooth preparation guide 310, only one flange of flanges 252A, 252B,
254A, 254B may be within its corresponding gap and not within its corresponding guide
channel (see, e.g., FIG. 7C). Along the path taken by dental tool 350 within tooth preparation
guide 310, the particular flange of flanges 252A, 252B, 254A, 254B within its corresponding
gap may change along the path. In the same manner that guide channels 122A, 122B criss-
Ccross, i.e., cross over each other, guide channel 322A and guide channel 322B criss-cross and
guide channel 322C and guide channel 322D criss-cross.

[0103] Still referring to FIGS. 6C and 6D, the curvature of the paths defined by guide
channels 322A-322D and the close approximation in size and form between corresponding
guide channels and flanges 252A, 252B, 254A, 254B received in the guide channels dictates
that the distance between guide channel 322A and guide channel 322B and the distance
between guide channel 322C and guide channel 322D fluctuates along the paths of the guide
channels such that none of the guide channels are parallel.

[0104] To maintain opposing forces on first and second connection bars 351, 353 of
dental tool 350 through contact of the tool with tooth preparation guide 310 along the tool
path to be taken by dental tool 350 during movement of the tool through the guide, each
flange of first flanges 352A, 352B and each flange of second flanges 354 A, 354B take paths
that are non-parallel to the paths of the other flanges 352A, 352B, 354A, 354B. In other
words, flanges 352A, 352B, 354A, 354B follow four different paths along the tool path to be
taken by dental tool 350 when the tool is moved through guide 310. In the arrangement of
FIGS. 6A-6D, the directions being taken by flanges 352A, 352B, 354A, 354B at each of the
points along the tool path to be taken by dental tool 350 when the tool is moved through
guide 310 are different. The use of these differing paths to provide the opposing forces on on
first and second connection bars 351, 353 of dental tool 350 further aids in achieving stability
of the dental tool and inhibiting or preventing tilting of the tool during movement of the tool
through guide 310.

[0105] In other arrangements, at least portions of the paths followed by flanges of a
dental tool within a tooth preparation guide may be in the same directions as portions of the
paths followed by some or all of the other flanges of the flanges of such dental tool. In these
alternative arrangements, such portions of the paths followed by the flanges may be parallel

to corresponding portions of the paths followed by the other flanges of such dental tool.
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[0106] In some arrangements, portions or all of either one or both of the set of bar
apertures 327A-327D and head channel 324 may have a size and form closely approximating
respective portions or all of respective first and second connection bars 351, 353 and guide
head 356. In this manner, contact of bar apertures 327A-327D and head channel 324 with
first and second connection bars 351, 353 and guide head 356, respectively, provides
additional guidance, and in some arrangements inhibits or prevents tilting, of dental tool 350
by way of the tool path formed within tooth preparation guide 310 defined by guide channels
322A-322D and the one or both of the set of bar apertures 327A-327D and head channel 324
in such arrangements.

[0107] As shown in FIG. 7, in some alternative arrangements, guide head 356, first
connection bar 351°, first flanges 352A°, 352B°, second connection bar 353°, and second
flanges 354A’, 354B°, which as shown are substantially in the same form as their
counterparts of dental tool 350, form parts of outer shell guide 348. Outer shell guide 348,
which operates in a manner and is made of materials that are the same or similar to outer shell
guide 248, may be fitted to dental handpiece 249 to form a dental tool operable in the same
manner as dental tool 350. Such an outer shell guide may be attachable to and removable
from dental handpiece 249. In other alternative arrangements, the outer shell guide may be a
component to be clipped onto rather than fitted around dental handpiece 249.

[0108] Referring now to FIGS. 8A and 8C, dental tool 450 is the same or
substantially the same as dental tool 350 with the exception that dental tool 450 excludes
flanges on the ends of first and second portions 451A, 451B of a first connection bar and on
the ends of first and second portions 451C, 451D of a second connection bar. As best shown
in FIG. 8A, first connection bar 451A, 451B is located at a higher position, i.e., closer to the
guide head and handle of dental tool 450, than second connection bar 451C, 451D. As shown
in related FIGS. 8B and 8C, tooth preparation guide 410 is the same or substantially the same
as tooth preparation guide 310 with the notable exception that tooth preparation guide 410
includes elongated upper bar apertures 427A, 427B and elongated lower bar apertures 427C,
427D that are in substantially the same form as upper bar apertures 327A, 327B and lower
bar apertures 327C, 327D and excludes guide channels in the form of guide channels 322 A-
322D. Bar apertures 427A-427D have a substantially equal diameter to corresponding first
and second portions of connection bars 151, 153 such that the bar apertures contact the

connection bars to limit the movement of dental tool 450 as the dental tool traverses the
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length of the bar apertures. In this manner, bar apertures 427A-427D serve a similar function
to that served by guide channels such as guide channels 322A-322D described previously
herein.

[0109] As further shown in FIG. 8C, tooth preparation guide 410 includes obliquely
angled walls configured to contact connection bars 451, 453 of dental tool 450. For example,
tooth preparation guide 410 includes wall 429 along bar aperture 427A configured to abut
first portion 451A of the upper connection bar such that the first portion of the upper
connection bar slides along the wall and is redirected by the wall.

[0110] It is to be understood that the first and second portions of each of the first and
second connection bars of a dental tool may extend in any directions transverse to the
directions that cutting tool 155 extend and that a tooth preparation guide for limiting the
movement of such a dental tool may include an overall channel defined by any one or any
combination of bar apertures and guide channels and having a cross section matching a
projection of a guide head, one or more connection bars extending from guide head, and one
or more flanges attached on the end or ends of any such connection bar onto a plane parallel
to a plane passing between the first and second connection bars. Moreover, the location or
locations of attachment of the connection bars to the guide head may be at different locations
on the guide head in which multiple portions of the same connection bar (which may extend
in different directions) may be attached to the guide head at the same location, such as in the
example shown in FIGS. 6A and 6B. Any reasonable number of connection bars may be
utilized so long as there is any one or any combination of corresponding bar apertures and
guide channels in a corresponding tooth preparation guide.

[0111] In some alternative arrangements, first and second portions 451A, 451B of the
first connection bar, the first and second portions 451C, 451D of the second connection bar,
and a guide head to which the first and second connection bars are attached may be part of an
outer shell guide, similar to outer shell guide 248, to be fitted to dental handpiece 249 to form
a dental tool operable in the same manner as dental tool 450. Such an outer shell guide may
be attachable to and removable from dental handpiece 249. In other alternative
arrangements, the outer shell guide may be a component to be clipped onto rather than fitted
around dental handpiece 249.

[0112] With reference to FIGS. 9A-9B, tooth preparation system 500 includes tooth
preparation guide 510 and dental tool 550. Tooth preparation guide 510 may be configured
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for removing tooth structure from a first molar of a patient in which the guide includes main
body 520, distal wrap 545A extending from a distal side of the main body, and mesial wrap
545B extending from a mesial side of the base, which, like guides 110, 110, 310, 410 may be
prepared in the manner disclosed in the 726 Application. As shown, distal wrap 545A and
mesial wrap 545B may be substantially similar to distal wrap 145A, 145B of guide 110 with
the exception that wraps 545A, 545B may have a contour conforming to the teeth on which
such wraps are to be placed.

[0113] Main body 520 is configured to receive a dental tool, such as but not limited to
dental tool 550. In the example shown, main body 520 includes a plurality of slots 532A-
532C, guide channel 522, and tool aperture 536 that extends through a thickness of the main
body. A combination of the plurality of slots 532A-532C and tool aperture 536 define an
entryway for receipt of a dental tool, such as dental tool 550, into guide channel 522. The
plurality of slots 532A-532C may be configured to be slightly larger than bars of the dental
tool, such as bars 551A-551C of dental tool 550. In this manner, bars of such dental tool may
only be removed from main body 520 of guide 510 through the entryway defined by the
plurality of slots 532A-532C and tool aperture 536 such that the bars remain in guide channel
522 when the bars are not in alignment with the plurality of slots 532A-532C. As such, the
bars of the dental tool may be either one or both of rotated and slid within guide channel 522
as the configuration of the guide channel permits. Guide channel 522 may extend
substantially through main body 520 in a direction transverse, and preferably perpendicular,
to the direction of insertion of the dental tool which generally may be in a direction the
longitudinal axis of cutting tool 155 of dental tool 550. Thus, as shown, guide channel 522
may be parallel or at least substantially parallel to the entryway defined by the plurality of
slots 532A-532C and tool aperture 536. Guide channel 522 may be configured in the form of
a variety of profiles such that the guide channel contacts a dental tool inserted into guide 510
to guide the dental tool in a predetermined path, which may be linear or curvilinear, such as
those paths described with respect to system 100 to prepare one or more teeth to be treated to
receive any one of various restorations including but not limited to a crown, a veneer, or a
bridge. Guide channel 522 further may be configured to contact portions of the dental tool,
e.g., bars 551A-551C of dental tool 550, such that the dental tool moves in directions parallel
to the cutting tool, such as cutting tool 155 of dental tool 550, which may be in directions

towards and away from the tooth to be treated as in the example shown. Like tool aperture
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136, tool aperture 536 may provide an opening for exposing the tooth or teeth to be treated
for removal of tooth structure from the tooth or teeth to be treated. With such configurations,
dental tool 550 may be used to guide a cutting tool of a dental tool to remove structure from a
tooth to be treated to form prepared tooth 90 as described previously herein with respect to
FIG. 11.

[0114] Referring now to FIGS. 10A and 10B, dental tool 550 may be the same or at
least substantially the same as dental tool 150 with the notable exceptions that dental tool 550
does not include first connection bar 151, opposing first flanges 152A, 152B, second
connection bar 153, or second flanges 154A, 154B and instead includes the plurality of bars
551A-551C that extend from guide head 556. Respective longitudinal axes defined by each
of the plurality of bars 551A-551C may be coplanar or at least substantially coplanar with
one or more of the other of the plurality of bars in some arrangements. In the example
shown, only bars 551B and 551C are coplanar as bar 551A does not lie in the same plane as
bars 551B, 551C. The respective longitudinal axes defined by each of the plurality of bars
551A-551C may lie in a plane parallel to a plane in which one or more of the other of the
plurality of bars lie. In the example shown, bar 551A lies in a plane parallel to a plane in
which both of bars 551B and 551C lie. In this manner, dental tool 550 may be inhibited or
prevented from tilting within planes perpendicular to such parallel planes or otherwise
stabilized when the dental tool is inserted into main body 520 of dental preparation guide
510. As shown and in correspondence with the plurality of slots 532A-532C of main body
520 of guide 510, each of the plurality of bars 551A-551C may be spaced apart
circumferentially at equivalent angles from each other. In this manner, each of the bars
551A-551C may contact walls of main body 520 defining guide channel 522 such that the
guide channel limits the three-dimensional movement of dental tool 550. As in the example
shown, bars 551A-551C may extend from guide head 556 such that a first plane through both
the longitudinal axis defined by any bar of bars 551A-551C and through the longitudinal axis
defined by cutting tool 155 may intersect with a second plane through the longitudinal axis
defined by another bar of bars 551A-551C and through the longitudinal axis defined by the
cutting tool. In certain alternative arrangements, a dental tool similar to dental tool 550 may
include only one bar, only two bars which in some such arrangements may define coplanar
longitudinal axes, or greater than three bars which in some such arrangements may define

coplanar longitudinal axes.

31-



CA 03125470 2021-06-29

WO 2020/142767 PCT/US2020/012357

[0115] In some alternative arrangements, the plurality of bars 551A-551C and a guide
head to which the plurality of bars are attached may be part of an outer shell guide, similar to
outer shell guide 248, to be fitted to dental handpiece 249 to form a dental tool operable in
the same manner as dental tool 550. Such an outer shell guide may be attachable to and
removable from dental handpiece 249. In other alternative arrangements, the outer shell
guide may be a component to be clipped onto rather than fitted around dental handpiece 249.

[0116] As shown in FIG. 12, process 600 prepares a working tooth or working teeth
to receive a restoration, in a similar manner to the process described in the 726 Application.
Atblock 610, a physical model of a plurality of teeth in the mouth of a patient is scanned by a
suitable scanner. At block 620 and following the step at block 610, tooth data corresponding
to digital topography of the scanned physical model of the plurality of teeth is received by
one or more processors of a second client computer which may receive the tooth data from a
first client computer in which the client computers may be remote from each other. At block
630 and following the step at block 620, cutting path data corresponding to a cutting path to
be followed by a dental cutting tool based on the tooth data may be stored by one or more
processors of the second client computer. At block 635 and following the step at block 620,
cutting depth data corresponding to a cutting depth to be reached by the cutting tool based on
the tooth data is stored by one or more processors of the second client computer. The steps at
blocks 630 and 635 may be performed in any order, including simultaneously. At block 640
and following the step at block 620, initial cutting guide data corresponding to a cutting guide
shell structure for placement around a portion of a tooth to be treated and based on the tooth
data is determined by one or more processors of the second client computer. At block 650
and following the steps at blocks 630 and 635, cutting tool path data corresponding to preset
limits on tool movements to be made by the cutting tool is determined by one or more
processors of the second client computer based on the cutting path data and the cutting depth
data. At block 660 and following the steps at blocks 640 and 650, a first Boolean operation
between the initial cutting guide data and the cutting tool path data is performed by one or
more processors of the second client computer to define final cutting guide data
corresponding to final cutting guide structure for guiding the cutting tool. At block 670 and
following the step at block 660, a second Boolean operation is performed between the final
cutting guide data and initial instrument configuration data corresponding to a fixation

instrument configuration for fixing dental instrumentation, which is for use in guarding the
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cutting tool to remove tooth structure from the tooth to be treated, to an adjacent tooth to the
tooth to be treated. In this manner, final instrument configuration data corresponding to the
final instrument configuration for releasably fixing the dental instrumentation to the adjacent
tooth and for contacting the cutting tool to guide the cutting tool in the removal of the tooth
structure for the tooth to be treated is defined. At block 680 and following the step at block
670, the final instrument configuration data is exported to a data storage file configured for
use with an additive manufacturing (AM) or computer-aided manufacturing (CAM) device.
At block 690 and following the step at block 680, the final instrument configuration is
fabricated using an appropriate CAM or AM device. The final instrument configuration may
be but is not limited to being in the form of tooth preparation guides 110, 110°, 310, 410, 510.
[0117] It is to be further understood that the disclosure set forth herein includes any
possible combinations of the particular features set forth above, whether specifically
disclosed herein or not. For example, where a particular feature is disclosed in the context of
a particular aspect, arrangement, configuration, or embodiment, that feature can also be used,
to the extent possible, in combination with and/or in the context of other particular aspects,
arrangements, configurations, and embodiments of the technology, and in the technology
generally.

[0118] Furthermore, although the technology herein has been described with
reference to particular features, it is to be understood that these features are merely
illustrative of the principles and applications of the present technology. It is therefore to be
understood that numerous modifications, including changes in the sizes of the various
features described herein, may be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit and scope of the present
technology. In this regard, the present technology encompasses numerous additional features
in addition to those specific features set forth in the claims below. Moreover, the foregoing
disclosure should be taken by way of illustration rather than by way of limitation as the

present technology is defined by the claims set forth below.
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CLAIMS
1. A dental guide device for contacting a dental tool to limit the movement of the
dental tool in the removal of a predetermined portion of tooth structure from a tooth to be
treated in the mouth of a patient, the dental guide device comprising:
an inner surface configured for attachment to a first tooth such that the dental
guide device is releasably fixable to the first tooth; and
a main body attached to the inner surface and comprising:

a first guide channel extending at least partially through the main body
and defining a channel longitudinal axis, the first guide channel being configured for
contacting a first flange of the dental tool extending from a shaft of the dental tool to limit a
movement of the dental tool and defining a first channel diameter in a first direction
perpendicular to one or more directions the channel longitudinal axis extends;

an aperture extending through the main body and configured to expose
at least the predetermined portion of the tooth to be treated; and

a first opening extending between the first guide channel and the aperture,
wherein the first opening has a first opening diameter that is less than the first channel

diameter and the aperture extends beyond the first opening in the first direction.

2. The device of claim 1, wherein the channel longitudinal axis is curvilinear or

linear.

3. The device of claim 1 or claim 2, wherein the first tooth is the tooth to be

treated such that the inner surface is configured for attachment to the tooth to be treated.

4. The device of any one of claims 1-3, further comprising:
a tooth wrap extending from the main body, wherein the tooth wrap comprises
the inner surface and the first tooth comprises a tooth of the patient different from the tooth to

be treated.

5. The device of any one of claims 1-4, wherein a cross-section of the first guide

channel defines an oval or a polygon.
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6. The device of claim 5, wherein the cross-section of the first guide channel

defines a circle.

7. The device of any one of claims 1-6, wherein the first guide channel extends
through a sidewall of the main body to define an entryway configured for receipt of the dental
tool into the first guide channel in a direction parallel to a direction the channel longitudinal

axis extends through the entryway.

8. The device of any one of claims 1-7, further comprising a passageway
intersecting the first guide channel and extending through a sidewall of the body in a
direction transverse to a direction the channel longitudinal axis extends at the intersection
between the passageway and the first guide channel, the passageway being configured for
receipt of the flange of the dental tool through the passageway and into the first guide

channel.

9. The device of any one of claims 1-8, wherein the main body further
comprises:

a second guide channel extending at least partially through the main body, the
second guide channel being configured for contacting a second flange of the dental tool
extending from the shaft of the dental tool to limit the movement of the dental tool and
defining a second channel diameter in the first direction; and

a second opening extending between the second guide channel and the
aperture, the second opening having a second opening diameter that is less than the second

channel diameter.

10. The device of claim 9, wherein the first and the second channel diameters are
the same.
11. The device of claim 9 or claim 10, wherein a cross-section of the second guide

channel is a mirror image of a cross-section of the first guide channel.
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12. The device of any one of claims 9-11, wherein a cross-section of the second
guide channel within a first plane is spaced from a cross-section of the first guide channel

within the first plane.

13. The device of any one of claims 9-12, wherein the first and the second guide
channels intersect such that the second guide channel further defines the channel longitudinal

axis.

14. The device of any one of claims 9-12, wherein the first and the second guide

channels do not intersect.

15. The device of any one of claims 9-14, wherein the first and the second guide
channels extend through a sidewall of the body to define an entryway configured for receipt

of the dental tool into the first and the second guide channels.

16. The device of any one of claims 9-15, further comprising first and second
passageways intersecting the first and the second guide channels, respectively, and extending
through a sidewall of the body in a direction transverse to the direction the channel
longitudinal axis extends at the intersection between the first passageway and the first guide
channel, wherein the first and the second passageways are configured for receipt of opposing
first and second flanges of the dental tool through the first and the second passageways and

into the first and the second guide channels, respectively.

17. The device of claim 16, further comprising third and fourth passageways
extending through the sidewall of the body in the direction transverse to the direction the
channel longitudinal axis extends at the intersection between the first passageway and the
first guide channel and intersecting the first and the second guide channels at locations spaced
apart from locations at which the first and the second passageways intersect the first and the
second guide channels, respectively, wherein the third and the fourth passageways are
configured for receipt of third and fourth flanges of the dental tool through the third and the

fourth passageways and into the first and the second guide channels, respectively.
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18. The device of any one of claims 1-17, wherein the first opening is elongated.

19. The device of any one of claims 1-18, wherein a longitudinal axis defined by
the first opening within a cross-section of the device extends at an oblique angle to a

longitudinal axis defined by the aperture through the cross-section of the device.

20. A tooth preparation system for the removal of a predetermined portion of tooth
structure from a tooth to be treated in the mouth of a patient to prepare the tooth to be treated
for the placement of a restoration on the tooth to be treated, the system comprising:

a dental tool comprising:
a handpiece;
opposing first and second flanges attached to the handpiece; and
a cutting tool attached to the handpiece for removal of tooth structure,
the cutting tool defining a central tool axis extending in a direction transverse to a direction
each of the first and the second flanges extend; and
the dental guide device of any one of claims 9-19, wherein the first and the
second guide channels include a curved section curving in a plane orthogonal to the central
tool axis such that when the dental guide device is attached to the first tooth and the first and
the second flanges of the dental tool are in contact with the first and the second guide
channels, respectively, the first and the second guide channels limit the movement of the
dental tool such that tooth structure is removable by the dental tool from any two sides of the
tooth to be treated selected from the group consisting of the buccal, lingual, mesial, distal,

and occlusal sides of the tooth to be treated.

21. A tooth preparation system for the removal of a predetermined portion of tooth
structure from a tooth to be treated in the mouth of a patient to prepare the tooth to be treated
for the placement of a restoration on the tooth to be treated, the system comprising:

a dental tool comprising:
a handpiece;

opposing first and second flanges attached to the handpiece; and
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a cutting tool attached to the handpiece for removal of tooth structure,
the cutting tool defining a central tool axis extending in a direction transverse to a direction
each of the first and the second flanges extend; and

the dental guide device of any one of claims 9-19, wherein each of the first
and the second guide channels include a curved section curving in respective planes parallel
to the central tool axis such that when the dental guide device is attached to the first tooth and
the first and the second flanges of the dental tool are in contact with the first and the second
guide channels, respectively, the first and the second guide channels limit the movement of
the dental tool such that tooth structure is removable by the dental tool from the tooth to be

treated at varying depths relative to a plane perpendicular to the central tool axis.

22. The tooth preparation system of claim 20 or claim 21, wherein the dental tool
is configured to travel within the dental guide device, and wherein the first and the second
guide channels limit the movement of the dental tool during the travel of the dental tool
within the guide device such that tooth structure is removable by the dental tool from the
tooth to be treated a fixed distance above a gingival margin of a patient over a discrete

distance that the dental tool is configured to travel within the dental guide device.

23. A dental guide device for contacting a dental tool to limit the movement of the
dental tool in the removal of a predetermined portion of tooth structure from a tooth to be
treated in the mouth of a patient, the dental guide device comprising:

an inner surface configured for attachment to a first tooth such that the dental
guide device is releasably fixable to the first tooth; and
a main body attached to the inner surface and comprising:
a passageway extending at least partially through the main body;
a first slot extending through a surface of the main body and into the
passageway;
a second slot extending through a surface of the main body and into the
passageway, the first and the second slots defining respective longitudinal axes intersecting
or parallel to each other within a cross-section of the guide device through the first and the

second slots and further being configured to receive bars of a dental tool; and
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an aperture extending through the main body and configured to expose
at least the predetermined portion of the tooth to be treated, wherein the passageway is
configured to contact the bars of the dental tool to limit the movement of the dental tool to
remove at most the predetermined portion of tooth structure to be removed from the tooth to

be treated.

24. The device of claim 23, wherein the first tooth is the tooth to be treated such

that the inner surface is configured for attachment to the tooth to be treated.

25. The device of claim 23 or claim 24, further comprising:
a tooth wrap extending from the main body, wherein the tooth wrap comprises
the inner surface and the first tooth comprises a tooth of the patient different from the tooth to

be treated.

26. A tooth preparation system for the removal of a predetermined portion of tooth
structure from a tooth to be treated in the mouth of a patient to prepare the tooth to be treated
for the placement of a restoration on the tooth to be treated, the system comprising:

a dental tool comprising:

a handpiece including a main shaft defining a central axis;

a first bar attached to the main shaft and extending in a first direction
transverse to a direction the central axis extends, the first bar further defining a first bar end
configured for receipt into and contact with a dental guide device;

a second bar attached to the main shaft and extending in a second
direction transverse to the direction the central axis extends, the second bar further defining a
second bar end configured for receipt into and contact with a dental guide device, wherein the
first bar defines a first longitudinal axis and the second bar defines a second longitudinal axis,
the first and the second longitudinal axes being in different planes parallel to a plane
including the central axis or in different planes each including the central axis; and

the dental guide device of any one of claims 23-25, wherein the first slot and
the second slot of the dental guide device are configured to simultaneously receive the first

bar and the second bar of the dental tool.
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27. A dental cutting tool for contacting a dental guide device to guide the dental
cutting tool, the dental cutting tool comprising:

a main shaft defining a central axis;

a first bar attached to the main shaft and extending in a first direction
transverse to a direction the central axis extends, the first bar further defining a first bar end
configured for receipt into and contact with the dental guide device;

a second bar attached to the main shaft and extending in a second direction
transverse to the direction the central axis extends, the second bar further defining a second
bar end configured for receipt into and contact with the dental guide device, wherein the first
bar defines a first longitudinal axis and the second bar defines a second longitudinal axis, the
first and the second longitudinal axes being in different planes parallel to a plane including

the central axis or in different planes each including the central axis.

28. The tool of claim 27, wherein the first and the second directions are the same

direction.

29. The tool of claim 27, further comprising a third bar attached to the main shaft
and extending in a third direction transverse to the direction the central axis extends, wherein

each of the first, the second, and the third directions are different.

30. The tool of claim 29, wherein the first, the second, and the third bars are
equally spaced circumferentially from each other within a projection of the first, the second,

and the third bars onto a plane.
31. The tool of claims 27 or 29, wherein the first bar and the second bar define
respective longitudinal axes that form an angle of at least 90 degrees with respect to each

other within a projection of the first and the second bars onto a plane.

32. The tool of claim 27 or claim 28, further comprising opposing partial spheres

on ends of each of the first and the second bars.
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33. The tool of claim 27 or claim 28, further comprising a first partial cylinder,
partial ovular prism, or partial polyhedron on an end of each of the first and the second bars
opposing a second partial cylinder, partial ovular prism, or partial polyhedron on an opposing

end of each of the first and the second bars.

34, The tool of any one of claims 27-33, further comprising a dental bur extending

at least partially through the main shaft.

35. The tool of any one of claims 27-34, wherein the first bar and the second bar
are integral with the main shaft such that the first bar, the second bar, and the main shaft are
inseparable without fracture of any one or any combination of the first bar, the second bar,

and the main shaft.

36. A tooth preparation system for the removal of a predetermined portion of tooth
structure from a tooth to be treated in the mouth of a patient, the system comprising:
the dental cutting tool of any one of claims 27, 28, and 32-35; and
a dental guide device comprising:

an inner surface configured for attachment to a first tooth such that the
dental guide device is releasably fixable to the first tooth; and

a main body attached to the inner surface and comprising:

a first guide channel extending at least partially through the main body
and defining a channel longitudinal axis, the first guide channel being configured for
contacting the first bar of the dental cutting tool to limit a movement of the dental cutting tool
and defining a first channel diameter in a first direction perpendicular to directions the
channel longitudinal axis extends;

an aperture extending through the main body and configured to expose
at least the predetermined portion of the tooth to be treated;

a first opening extending between the first guide channel and the
aperture, the first opening having a first opening diameter that is less than the first channel
diameter;

a second guide channel extending at least partially through the main

body, the second guide channel being configured for contacting the second bar of the dental
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cutting tool to limit the movement of the dental cutting tool and defining a second channel
diameter in the first direction; and

a second opening extending between the second guide channel and the
aperture, the second opening having a second opening diameter that is less than the second

channel diameter.

37. A dental guide device for contacting a dental tool to limit the movement of the
dental tool in the removal of a predetermined portion of tooth structure from a tooth to be
treated in the mouth of a patient, the dental guide device comprising:

an inner surface configured for attachment to a first tooth such that the dental
guide device is releasably fixable to the first tooth; and
a main body attached to the inner surface and comprising:

a first guide channel extending at least partially through the main body
and defining a channel longitudinal axis, the first guide channel being configured for
contacting a first bar of the dental tool to limit a movement of the dental tool and defining a
first channel diameter in a first direction perpendicular to directions the channel longitudinal
axis extends;

an aperture extending through the main body and configured to expose
at least the predetermined portion of the tooth to be treated;

a second guide channel extending at least partially through the main
body on a side of the aperture opposite the first guide channel, the second guide channel
being configured for contacting a second bar of the dental tool to limit the movement of the
dental tool and defining a second channel diameter in the first direction;

a third guide channel extending at least partially through the main body
on the same side of the aperture as the first guide channel, the third guide channel being
below the first guide channel, the third guide channel being configured for contacting a third
bar of the dental tool to limit the movement of the dental tool and defining a third channel

diameter in the first direction.

38. The device of claim 37, further comprising a fourth guide channel extending at
least partially through the main body on the same side of the aperture as the second guide

channel, the fourth guide channel being below the second guide channel, the fourth guide
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channel being configured for contacting a fourth bar of the dental tool to limit the movement

of the dental tool and defining a fourth channel diameter in the first direction.

39. The device of claim 37 or claim 38, wherein at least the first channel diameter,

the second channel diameter, and the third channel diameter are the same diameter.

40. The device of any one of claims 37-39, further comprising:

a first opening extending between the first guide channel and the aperture, the
first opening having a first opening diameter that is less than the first channel diameter;

a second opening extending between the second guide channel and the
aperture, the second opening having a second opening diameter that is less than the second
channel diameter,

a third opening extending between the third guide channel and the aperture,
the third opening having a third opening diameter that is less than the third channel diameter,

wherein longitudinal axes defined by each of the first opening, the second
opening, and the third opening within a cross-section of the dental guide device extend at
oblique angles to a longitudinal axis defined by the aperture through the cross-section of the

dental guide device.

41. The device of any one of claims 37-39, wherein longitudinal axes defined by
each of the first guide channel, the second guide channel, and the third guide channel within a
cross-section of the dental guide device extend at oblique angles to a longitudinal axis

defined by the aperture through the cross-section of the dental guide device.

42. A dental guide device for contacting a dental tool to limit the movement of the
dental tool in the removal of a predetermined portion of tooth structure from a tooth to be
treated in the mouth of a patient, the dental guide device comprising:

a body comprising:
an inner surface, at least a portion of the inner surface being configured
for releasable attachment to a first tooth; and

a channel extending through the inner surface, the channel defining a central region

and first and second annex regions spaced from the central region for introduction of a dental
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tool, each of the first and the second annex regions being in communication with the central
region via respective first and second openings, wherein the central region has a first height
taken in a first direction, the first annex region has a second height taken in a first direction
that is less than the first height, the first opening has a third height taken in the first direction
that is less than the second first height, the second annex region has a fourth height taken in
the first direction that is less than the first height, and the second opening has a fifth height
taken in the first direction that is less than the further height.

44.-



WO 2020/142767 1/14 PCT/US2020/012357

160

&
o
o
§
§
&
&

& .
o .
i \
e
RS
=

DR ) A R
\”‘:v
i
e 2
& 2R

&

N

N

2

150

RN

FIG. 1A

FiG. 1B



CA 03125470 2021-06-29

WO 2020/142767 2114 PCT/US2020/012357

1228 150




WO 2020/142767 314 PCT/US2020/012357

FIG. 2B 125 FIG. 2C



CA 03125470 2021-06-29

WO 2020/142767 4/14 PCT/US2020/012357

w 1228

120

FiG. 2D



CA 03125470 2021-06-29

WO 2020/142767 514 PCT/US2020/012357

126

159

158A

/ 1548
1524

FiG. 34 FiG. 3B



WO 2020/142767 614 PCT/US2020/012357

W\ 110

S 137¢

FIG. 4



WO 2020/142767 7i14 PCT/US2020/012357

251

i

FiG. 5B



CA 03125470 2021-06-29

WO 2020/142767 814 PCT/US2020/012357

W 350

251 o,

=

I52A : : SN \\ _
N :‘Z\ ..... )

354A ~— 356

FiG. 64

353

f“‘ 350

3528 -

351 oo

352A -

FIG. 6B



WO 2020/142767 8/14 PCT/US2020/012357

- 3578

FiG. 6C




CA 03125470 2021-06-29

WO 2020/142767 10/14 PCT/US2020/012357

o 4594
457A

3529

FiG. 7



CA 03125470 2021-06-29




CA 03125470 2021-06-29

WO 2020/142767 12/14 PCT/US2020/012357

510

FiG. 84

532A

5328

FiG. 8B



CA 03125470 2021-06-29

13/14 PCT/US2020/012357

WO 2020/142767

551C

551C

\\\\\\\\\\M\\\k
<,

551

FiG. 10B

FiG. 10A

FiG. 11



WO 2020/142767

600 h\%

CA 03125470 2021-06-29

1414

FiG. 12

PCT/US2020/012357

scanning a physical model! of a plurality
af teeth in the mouth of a patient

f 610

A4

digital

receiving tooth data corresponding to a

topography of the scanned

physical model of the plurality of teeth

f 620

/ . o

storing cutting path data
corresponding to a cutting
path to be followed by a
cutting tool based on the
tooth data

h35
J f

f 640

storing cutting depth data
corresponding to a cutting
depth to be reached by the
cutting tool hased on the
tooth data

v

cutting

determining  initial  cutting
guide data corresponding to a
shell structure for
placement around a portion of
a tooth to be treated based on
the tooth data

k

cutting depth data

determining cutting tool path data corresponding to 850
preset limits on tool movements to be made by the f
cutting tool based on the cutting path data and the

A2

A

performing a first Boolean operation between the initial cutting guide data and 660
the cutting tool path data to define final cutting guide data corresponding to e
final cutting guide structure for guiding the cutting tool

A4

performing a second Boolean operation between the final cutting guide
data and initial instrument configuration data corresponding to a
fixation instrument configuration for fixing dental instrumentation, for 570
use in guiding the cutting tool to remove tooth structure from the tooth f

to be treated, to an adjacent tooth to the tooth to be treated to define

final instrument configuration data corresponding to the final
instrument configuration for releasably fixing the dental instrumentation
to the adjacent tooth and for guiding the cutting tool in the removal of
the tooth structure from the tooth to be treated

exporting the final instrument configuration
data to a data storage file configured for use

with an AM or CAM device

Ve

X

fabricating the final instrument configuration

using an appropriate CAM or AM device

e

680

690




13
5
m
28

‘

FIG. 2C



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - CLAIMS
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - CLAIMS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - REPRESENTATIVE_DRAWING

