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Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention relates to calibration of
handpieces that make cavities, and, more particularly for
calibration of such handpieces that have a tip whose po-
sition is difficult to, or cannot be, calibrated by image-
guided systems.

[0002] Image-guided navigation of surgical handpiec-
es, such as dental handpieces, is well-known. For exam-
ple, U.S. Patent No. 7,457,443 to Persky describes a
particular method of compensating for distortions gener-
ated in an imaging process, and comprises providing a
registration device with a plurality of markers disposed
in a predetermined three-dimensional pattern, the mark-
ers being rendered visible in the imaging process; pro-
ducing a scanned image of an object of interest in the
presence of the registration device; and correcting the
data of said scanned image such that the image of the
markers accurately reproduces the predetermined three-
dimensional pattern. This image-guided navigation is
typically used for dental handpieces that are used to drill
teeth by means of the rotation of a shaft connected to a
symmetrically shaped drill bit that causes cavitation.
[0003] The problem is that with the advent of new tech-
nologies for drilling bone, certain surgical handpieces,
including dental handpieces, may have tips whose posi-
tion cannot as a practical matter, or without great difficulty
or cannot at all, be precisely defined or calibrated using
known image-guided systems, for example because the
tips of the handpieces have an irregular shape. Such
handpieces may make holes, for example in bone, by
means of other technologies rather than by ordinary drill-
ing by rotation. For example, some handpieces induce
cavitation by shooting high pressure steam through a tiny
curved or twisted hose tip. As shown in FIG. 1, a hand-
piece for steam-based cavitation may shoot steam
through a curved orirregularly shaped tip. In other cases,
the handpieces cut bone using ultrasonic vibration or en-
ergy.

[0004] For handpieces using these other non-rotary
drilling technologies, in which the tip of the handpiece
may be shaped irregularly, or the end of the tip or the line
of action of the handpiece is not along the longitudinal
axis of the handpiece, calibration of the tip of the hand-
piece may be too difficult or impractical or even impos-
sible using the known image-guided technologies. The
shape of the tip may be too difficult or impossible to be
precisely defined by the image-guided system. For the
surgery by image-guided system to succeed, however,
calibration of the tip of the handpiece is essential. It is
well known that in dental and other surgeries, precision
is an essential ingredient to a successful operation.
[0005] WO 2014/146701 is prior artaccording to Article
54(3) EPC and discloses an adaptor for receiving a nav-
igated structure, wherein the navigated structure is at
least a part of a medical object which carries an object
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reference, and for being connected to a registration tool
in order to register the navigated structure in a medical
navigation system.

[0006] DE 199 06 094 A1 discloses mounting position
elements on a stereotactile instrument and determining
the co-ordinates of the position elements with a suitable
detector, wherein the instrument is mounted so as to ro-
tate about a point that is fixed with respect to the detector
and a device for determining the position of stereotactic
instruments provided with position elements with aframe
element and an instrument holder, wherein the device
has a rotation element on which the instrument holder is
arranged, and in that the rotation element a fixed pivot
point rotatably mounted on the frame member is mount-
ed.

[0007] There is a compelling need for an apparatus,
system and/or method of calibration for cavitation-induc-
ing handpieces, the position of whose tip is impractical,
too difficult or impossible to be defined by known image-
guided systems, for example because the tip of the hand-
piece may have a curved or irregular shape.

SUMMARY OF THE PRESENT INVENTION

[0008] The invention is defined in the independent
claims. Embodiments of the invention are defined in the
dependent claims.

[0009] One aspect of the present disclosure is a meth-
od of using an image-guided system to calibrate a hand-
piece having a tip The method comprising fixedly attach-
ing to the tip an attachment end of a tip extension, the
tip extension also having a round end separate from the
attachment end; and calibrating a center of the round end
by contacting the round end to a calibration device.
[0010] A yet still further aspect of the present disclo-
sure is an apparatus for use with animage-guided system
to calibrate a handpiece having a tip Beneficial embodi-
ments are provided in the dependent claims.

[0011] These and other features, aspects and advan-
tages of the present disclosure will become better under-
stood with reference to the following drawings, descrip-
tions and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Various embodiments are herein described, by
way of example only, with reference to the accompanying
drawings, wherein:

FIG. 1 is a schematic illustration of a prior art hand-
piece having a tip that emits high pressure steam
and having markers to allow tracking by an image-
guided system;

FIG. 2 is a schematic illustration of a prior art tip of
a handpiece similar to FIG. 1 showing a center of
action and an axis of action;

FIG. 3 is a schematic illustration of a calibration, em-
bedded in a registration device, in accordance with
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one embodiment of the present disclosure;

FIG. 4 is a schematic illustration of an apparatus of
the present invention, comprising a tip extension fit-
ted on a tip of a handpiece, in accordance with one
embodiment of the present invention;

FIG. 4A is a schematic illustration of an apparatus
of the present invention, showing a side view of the
tip extension of FIG. 4 fitted on a tip of a handpiece,
in accordance with the present invention;

FIG. 5 is a schematic illustration of an apparatus of
the present invention as in FIG. 4, except also de-
picting the line of action and center of the round end
of the tip extension, in accordance with the present
invention;

FIG. 5A is a schematic illustration of an apparatus
of the present invention together with a handpiece,
in accordance with the present invention;

FIGS. 6A and 6B are schematicillustrations of a por-
tion of an apparatus of the present invention, shown
in two different configurations, in accordance with
the present invention;

FIG. 7 is a flow chart showing a method in accord-
ance with the present invention;

FIG. 8 is a flow chart showing a further method in
accordance with one embodiment of the present dis-
closure; and

FIG. 9 is a flow chart showing a still further method
in accordance with a further embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The following detailed description is of the best
currently contemplated modes of carrying out the inven-
tion. The description is not to be taken in a limiting sense,
butis made merely for the purpose of illustrating the gen-
eral principles of the invention, since the scope of the
invention is best defined by the appended claims.

[0014] The presentinvention generally provides an ap-
paratus and method for calibration of a tip of a handpiece,
for example for dental surgery or other bone cutting sur-
gery, where the tip would otherwise be difficult to calibrate
by an image-guided system due to the curved or irregular
shape of the tip of the handpiece. The surgery may re-
quire calibrating the handpiece for the image-guided sys-
tem prior to a surgery in which the handpiece is used
aided by the image-guided navigation system operatively
connected to the handpiece. An apparatus of the present
invention comprises atip extension having an attachment
end and a round end, the attachment end configured to
fixedly attach to the tip of a handpiece. The attachment
end includes a female component that mates with a cor-
respondingly shaped male component of the tip of the
handpiece. The round end may be atleast hemispherical
and preferably spherical. The tip extension has a neck
that has a diameter smaller than a diameter of the round
end. The neck may be configured to allow the rotation of
the round end when the round end is in a round recess
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of the calibration device such that a center of the round
end remains stationary as the round end rotates. The
present disclosure may also comprise the handpiece
having a tip, the tip not lying on a longitudinal axis of the
handpiece, and the tip extension described above. The
present disclosure may also comprise the tip extension
plus just the tip of the handpiece, the tip configured to
emit one of pressurized steam and ultrasonic energy out
of the handpiece. A method of the present disclosure
may comprise fixedly attaching to the tip an attachment
end of a tip extension, the tip extension also having a
round end separate from the attachment end; and cali-
brating a center of the round end by contacting the round
end to a calibration device. The method may also include
removing the tip extension from the handpiece and using
the handpiece to make a cavity in the bone. A method of
the present disclosure may also comprise making or pro-
viding tip extensions for a variety of handpieces of differ-
ent manufacturers whose center of action varies from
one manufacturer to the another, the method comprising
configuring particular tip extensions to be usable with par-
ticular handpieces of the variety of handpieces by con-
figuring the length of each tip extension such that a dis-
tance from the center of action to the center of the round
end remains constant.

[0015] In contrastto prior art handpieces that have tips
that are curved or irregular such that they cannot be, or
it would be difficult for them to be, calibrated by an image-
guided system for surgical cutting, a tool in accordance
with one embodiment of the present disclosure may in-
clude a handpiece combined with a tip extension such
that when the tip extension is fitted on to the impossible
or difficult-to-calibrate tip, the tool may be easily calibrat-
ed by a calibration device of an image-guided device.
[0016] The tip extension has a female component that
matches the corresponding shape of the male compo-
nent of the tip (or the entire tip) to create an overall shape
that has defined end that is along the longitudinal axis of
action. In contrast to prior art tips of surgical handpieces,
whose end is not on a longitusinal axis of action (line of
action) or on a longitudinal axis of the handpiece, in an-
other embodiment, the tip extension itself may lie on the
longitudinal axis or line of action of the handpiece and
may be relatively easy to calibrate by the image-guided
system. In contrast to prior art tips of handpieces that are
curved orirregular, the tip plus tip extension of the present
disclosure may be regular and may lie along a longitudi-
nal axis of the handpiece or along the line of action (axis
of action) of the handpiece. In contrast to prior art devices
that may be compatible with handpieces using one par-
ticular drilling technology, the method, apparatus of the
present invention may be useful for handpieces that uti-
lize steam cavitation as well as for handpieces that utilize
ultrasonic-induced cavitation. In contrast to prior art de-
vices that may be compatible with handpieces or tips of
handpieces made by only one particular manufacturer,
the method and apparatus of the present invention may
be compatible with handpieces or their tips made by a
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variety of manufacturers. For example, by varying the
neck of the apparatus, the distance between the center
of action and the center of the round end may be held
constant for drill tips of different manufacturers even
though the center of action of the handpieces made by
the different manufacturers may differ.

[0017] The principles and operation of a system for a
Tip Extension for Difficult to Calibrate Handpiece may be
better understood with reference to the drawings and the
accompanying description.

[0018] FIG. 1depicts a handpiece 40 that may be used
for drilling using steam-based cavitation, for example by
emitting or shooting steam through a tip 44 under high
pressure. Tip 44 is typically curved and/or irregularly
shaped. FIG. 2 shows the tip 44 close-up for the purpose
of defining concepts such as "line of action" and "center
of action". As shown in FIG. 2, the line of action L (some-
times referred to herein as the "axis of action" or the "lon-
gitudinal axis of action") represents the direction of the
resultant force from what is emitted through the tip, in
this case steam. A point "C" along the line of action L is
called the "center of action". Point C represents the point
along L that is located at the optimum distance from the
tip to the surface being drilled, that the user of the hand-
piece has to maintain. In the case of a typical steam-
based drill comprising a dental handpiece, the center of
action may be about 0.5 millimeters or typically from
about half a millimeter to one millimeter, along the line
of action of the shooting steam. The example of the tip
shown in FIG. 2 would typically not be calibratable by the
image-guided system since its far end, where the steam
is emitted, does not lie along the longitudinal axis of the
handpiece 40, for example because the far end is curved.
[0019] FIG. 3 shows a calibration device 50 that in this
particular embodiment is attached to a horseshoe-
shaped registration device 51 designed to fit in a dental
patient's mouth/jaw. The registration device has fiducial
markers 6 on it so that a tracking system can sense the
position of the registration device. As can be seen from
FIG. 3, calibration device 50 may have a round recess
or notch 55 for receiving a round end of an apparatus of
the present invention. The calibration device 50, in this
embodiment, may be situated between the horseshoe-
shaped part that goes into a patient’s mouth and the part
that remains external to the patient’s mouth. The external
part 52 may have a series of markers 5, for example
LEDs for tracking by a sensor of the tracking system of
the image-guided system. The calibration device 50 may
include at least the round notch/recess 55 plus at least
a portion of a device containing this notch. In some pre-
ferred embodiments, the calibration device 50 may be
defined to also include a registration device 51 and/or
the external part 52.

[0020] As shown in FIG. 4, the present invention may
be described as an apparatus 20 or tip extension 20 for
use with an image-guided system that is designed to cal-
ibrate a handpiece having a tip. Tip extension 20 has an
attachment end 22 and a round end 24, the attachment
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end 22 configured to fixedly attach to the tip 44 of the
handpiece (shown in FIG. 1). The attachment end 22
includes a female component 23 that mates with a cor-
respondingly shaped male component 43 of the tip 44 of
the handpiece (shown in FIG. 1), or with a portion of the
tip 44 or the entire tip 44. Female component 23 may be
removably detachable from and re-attachable to the re-
mainder 21 of the attachment end 22 by any suitable
means 99 that affixes the female component 23 rigidly
to the remainder component 21. FIG. 4 schematically
illustrates the attachment end 22 as being substantially
rectangular, but this is not a limitation since attachment
end 22 may assume other shapes, such as for example
cylindrical, fattened cylindrical, or other shapes. Prefer-
ably, attachment end 22 is shaped so as to have a distal
surface 22A that is substantially straight and perpendic-
ular to the sides (or at least to the distal ends of the sides)
of attachment end 22. FIG. 4A shows a side view of tip
44 showing attachment means 99A used to connect the
female component 23 to tip 44.

[0021] The round end 24 of tip extension 20 may be at
least hemispherical, and may in fact be spherical in a
preferred embodiment. In another preferred embodi-
ment, round end 24 may be round in at least one dimen-
sion, and may be conical, for example with the wider base
of the cone closer to neck 25. The round end 24 should
be sufficiently spherical that round end 24 can be made
to rotate when inserted into a calibration recess 55 such
as notch 55 shown generally in FIG. 3. During such ro-
tation, a center point of round end 24 remains constant,
i.e. fixed (not moving).

[0022] One example of a typical diameter of round end
24, in one preferred embodiment, is two to four millime-
ters, orin a particular preferred version, three millimeters.
[0023] As shown in FIG. 4, tip extension 20 also is
shown as having a neck 25, the neck 25 having a diam-
eter that is smaller than a diameter of the round end 24.
In some preferred embodiments, the neck 25 may have
a diameter that does not exceed half a diameter of the
round end, or in other preferred embodiments does not
exceed one-third, or 25% or 15% or 10% or 5% (or two-
thirds) of the diameter of the round end 24. Neck 25 of
tip extension 20 may be configured in overall shape and
diameter to allow rotation of round end 24 when round
end 24 is in a round recess such as calibration notch 55
(FIG. 3). "Round recess" means round in at least one
dimension, and for example may be at least hemispher-
ical and may be substantially spherical. A conical recess
having a round end (the round end being the end closer
to the tip extension 20 being inserted into that end) fits
the definition of a "round recess". Such a conical recess
would permit insertion and rotation of the handpiece 40
together with tip extension 20 and such rotation would
not cause movement of the center point of round end 24.
rather the centermay remain constant, i.e. fixed (not mov-
ing). In particular, neck 25 may be configured to allow
the rotation of the round end 24 when the round end is
in a round recess such that a center 24C of the round
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end 24 remains stationary as the round end 24 rotates
while contacting notch 55. This may allow the image-
guided system to which the handpiece is connected or
associated to calibrate the location of the center 24C of
round end 24 and by extrapolation the end of the hand-
piece (including the tip extension). As can be seen from
FIG. 4, neck 25 is situated between the attachment end
22 and the round end 24. Attachment end 22 may be
wider than the neck 25 since the attachment end 22 may
need to surround tip 44 so as to allow the female com-
ponent 23 to mate with tip 44 or a portion of tip 44 or with
a male component 43 of tip 44. Male component 43 of
tip 44 may simply be the portion of tip 44, for example
the last two-thirds of the length of tip 44 or the last X
millimeters or centimeters of the tip 44.

[0024] FIG. 5 shows an example of the tip extension
20 mating with the male component 43 of a tip 44 and
showing a line of action L running through a center of
action C. As can be seen, attachment end 22 may be
long enough (sometimes referred to as "thick" enough)
along its longitudinal axis (parallel to the line L or axis of
action L) (i.e. thick enough) to include or encompass the
center of action C.

[0025] In some preferred embodiments, the present
disclosure may be defined to include both tip extension
20 and also a calibration device such as shown in FIG.
3. Calibration device 50 is defined to be a component
that is shaped to receive the round end 24 of attachment
end 22 of tip extension 20. As such, calibration device
50 may comprise a round notch or recess 55. The round
recess 55 may be round in at least one dimension and
may be a conical, a spherical or substantially spherical
recess, or at least hemispherical recess.

[0026] FIGS. 6A and 6B show one preferred embodi-
ment of the ball tip 80 comprising the remainder 21 of
attachment end 22 (FIG. 4), neck 25 and round end 24
of tip extension 20 including a longer version (FIG. 6B)
and a shorter version (FIG. 6A). In one preferred embod-
iment of ball tip 80, the longer version of the combination,
or of neck 25, may be fifteen millimeters longer than in
the shorter version shown in FIG. 6A.

[0027] The present disclosure may also be described
as a tool for creating cavitation, for example in a bone.
As shown in FIG. 5A, the tool 90 may comprise a hand-
piece such as handpiece 40 shown in FIG. 1 and having
atip such as tip 44 and may also comprise a tip extension
20 such as is shown in FIGS. 4-5. The tip 44 may be
configured to emit one of (i) pressurized steam and (ii)
ultrasonic energy waves, out of handpiece 40, in partic-
ular, out of tip 44. Tip 44 may be such that tip 44 does
not lie on a line of action L of handpiece 40 (and may not
lie on a longitudinal axis LH of the handpiece 40), for
example, because tip 44 may be too curved or irregular.
Accordingly, tip 44 may be difficult to calibrate by a par-
ticular image-guided system or by known image-guided
systems or position tracking systems. The tip extension
20 may have an attachment end 22 and a round end 24,
the attachment end 22 fixedly attached to the tip 44. The
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round end 24 may be at least hemispherical, and prefer-
ably spherical. The tip extension 20 may have a neck 25
having a diameter smaller than a diameter of the round
end 24, and may have the structural features described
regarding tip extension apparatus 20.

[0028] The present disclosure may also be described
as a tool 100 for cavitation, comprising a tip 44 of a hand-
piece, the tip 44 not lying on a longitudinal axis of action
L of the handpiece 40 and configured to emit one of pres-
surized steam and ultrasonic energy out of the handpiece
40; and a tip extension 20 that may have an attachment
end 22 and around end 24, the attachment end 22 fixedly
attached to the tip 44. The tip 44 may be curved and
configured to emit high pressure steam out of the hand-
piece 40.

[0029] As seen from FIG. 7, the presentinvention can
also be described as a method 200 of using an image-
guided system to calibrate a handpiece having a tip.
Method 200 has

a step 210 of fixedly attaching to the tip an attach-
ment end 22 of a tip extension 20, The tip extension
20 also has a round end 24 separate from the at-
tachment end 22. Method 200 also includes

a step 220 of calibrating a center of the round end
24 by contacting the round end to a calibration de-
vice, for example calibration device 55. Method 200
involves the fixedly attaching of the attachment end
22 to the tip 44 such that the attachment end com-
prises a female component 23 that mates with a cor-
respondingly shaped male component 43 of the tip
44. Method 200 may have a step, in some versions,
of having the calibrating of the center of the round
end include touching the round end to a round notch
while the tip extension is attached to the tip of the
handpiece. This may further comprise rotating the
round end while the round end is in contact with the
round notch to calibrate a point at a center of the
round end that remains stationary as the round end
rotates. This may allow the image-guided system to
track and store a position of the center of the round
end. Doing so may thereby allow the image-guided
system to calculate a position of the center of action,
which in turn may allow the system to guide the sur-
geon to properly place the end of the tip of the hand-
piece relative to the working surface of the bone to
be cut, for example a tooth. Accordingly, a further
step of method 200 may be having the image-guided
system calibrate a center of action of the handpiece
from the calibration of the center of the round end.

In method 200, the tip may be curved or may be
configured to assume any other irregular shape, for
example such that the tip (or the line of action) is not
aligned with an axis of action of handpiece 40. In
some versions of the method 200 or method 300 or
400 or of the tip extension 20 (with or without cali-
bration device 50) or tool 90 or tool 100, the final 0.1
millimeters (or in other preferred embodiments the
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final 0.3 or 0.5 or 0,05 mm or 0.01 mm) of the tip is
not aligned with a longitudinal axis of the handpiece.
Accordingly, the image-guided system may be una-
ble to calibrate the tip without the method.

[0030] In some versions of method 200, the fixedly at-
taching of the attachment end of the tip extension to the
tip may comprise mating the tip with a detachable female
component of the attachment end and then attaching the
female component to a remainder of the attachment end.
[0031] AsshowninFIG. 8, the present disclosure may
also be described as a method 300 of cavitation of abone
of a human or animal using an image-guided system to
calibrate a handpiece having a tip. Method 300 may in-
clude a step 310 of fixedly attaching to the tip an attach-
ment end of a tip extension for example tip extension 20,
the tip extension also having a round end separate from
the attachment end. Another step 320 of method 300
may be calibrating a center of the round end by contacting
the round end to a calibration device. Method 300 may
also comprise a step 330 of removing the tip extension
fromthe handpiece and a step 340 of using the handpiece
to make a cavity in the bone using the image-guided sys-
tem.

[0032] Some versions of method 300 may involve hav-
ing the image-guided system calibrate a center of action
of the handpiece from the calibration of the center of the
round end and using the handpiece to make the cavity
while maintaining the handpiece at a distance from a
working surface of the bone consistent with a distance
between the center of action and the tip. Other versions
of method 300 may involve having the calibrating of the
center of the round end include touching the round end
to a round notch while the tip extension is attached to the
tip of the handpiece and may involve rotating the round
end while the round end is in contact with the round notch
to calibrate a point at a center of the round end that re-
mains stationary as the round end rotates.

[0033] AsseenfromFIG.9,the presentdisclosure may
also be described as a method 400 of making tip exten-
sions suitable for a variety of handpieces made by a plu-
rality of different manufacturers and that have a defined
center of action that may vary from one manufacturer to
another. Each of the handpieces may have a tip such
that the tip does not lie on the line of action of the hand-
piece (and it may be such that the line of action is not
parallel to the longitudinal axis of the handpiece), or in
other versions such that the tip is too curved or irregular
to be calibrated by a particular image-guided system.
Method 400 may include a step 410 of providing a plu-
rality of tip extensions, each tip extension of the plurality
of tip extensions having an attachment end and a round
end, the attachment end fixedly attachable to the tip of
at least a plurality of the handpieces, the round end con-
figured to be calibrated for the image-guided system by
inserting the round end in a calibration device having a
round recess. In a preferred embodiment, providing
means selling or manufacturing (or arranging for the
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manufacture).

[0034] Method 400 may also comprise a step 420 of
configuring particular tip extensions to be usable with par-
ticular handpieces of the variety of handpieces by con-
figuring a length of each of a plurality of the particular tip
extensions such that a distance from the center of action
to a center of the round end remains constant. For ex-
ample, a longer version having neck 25 shown in FIG.
6B may be for example fifteen millimeters longer than a
shorter version having shorter neck 25 shown in FIG. 6A.
In some versions of method 400, there may also be a
step of maintaining constant a diameter of the round end
of each tip extension of the plurality of tip extensions.
[0035] While the invention has been described with re-
spect to a limited number of embodiments, it will be ap-
preciated that many variations, modifications and other
applications of the invention may be made. Therefore,
the claimed invention as recited in the claims that follow
is not limited to the embodiments described herein.

Claims

1. Anapparatus (20) configured for use with an image-
guided system to calibrate a handpiece (40) having
a tip (44), the apparatus (20) comprising:

a tip extension (20) having an attachment end
(22) in arear and a round end (24) in a front, the
round end having a center configured to remain
stationary during rotation of the round end in a
recess during calibration, the attachment end
(22) having a female component (23) and a re-
mainder (21),

wherein the female component (23) of the at-
tachmentend (22) has an arcuate cavity for mat-
ing with a correspondingly shaped male compo-
nent of the tip (44) of the handpiece (40) so as
to fixedly attach the attachment end to the tip
(44) of the handpiece (40), the male component
being arcuate,

wherein the tip extension (20) also has a neck
(25) situated between the attachment end (22)
and the round end (24), a diameter of the neck
(25) is smaller than a diameter of the round end
(24),

wherein the tip extension (20) has a longitudinal
axis running from the front of the round end (24)
through the center of the round end (24) through
the diameter of the neck (25) and through the
attachment end (22) to the rear of the attach-
ment end (22),

wherein the tip (44) is arcuate so as to be curved
along an arc relative to the longitudinal axis, the
arc having a distal end whose extensional direc-
tion is substantially aligned with the longitudinal
axis, and

wherein the cavity has a distal end whose ex-
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tensional direction is substantially aligned with
the longitudinal axis.

The apparatus of claim 1, wherein the female com-
ponent (23) is detachable from the remainder (21)
of the attachment end (22).

The apparatus of any one of claims 1-2, wherein the
round end (24) is at least hemispherical.

The apparatus of any one of claims 1-3, wherein the
round end (24) is spherical.

The apparatus of any one of claims 1-4, wherein the
tip extension (20) has a neck (25) configured to allow
rotation of the round end (24) when the round end
(24) is in a round recess.

The apparatus of any one of claims 1-5, further com-
prising a calibration device, the calibration device
having a recess that is at least one of (i) round, (ii)
at least hemispherical and (iii) conical.

The apparatus any one of claims 1-6, further com-
prising the handpiece and wherein the tip is config-
ured to emit one of pressurized steam and ultrasonic
energy waves out of the handpiece.

A method of using an image-guided system to cali-
brate a handpiece having a tip (44) at an end of the
handpiece (40), the method comprising:

fixedly attaching to the tip (44) an attachment
end (22) of a tip extension (20) in a rear of the
tip extension (20), the tip extension (20) also
having a round end (24) in a front of the tip ex-
tension (20) separate from the attachment end
(22), the round end (24) having a center that is
configured to remain stationary during rotation
of the round end in a recess during calibration,
the attachment end (24) having a female com-
ponent (23) and a remainder (21),

wherein the fixedly attaching occurs when an
arcuate cavity of the female component (23) of
the attachment end (22) mates with a corre-
spondingly shaped male component of the tip
of the handpiece, the male component being ar-
cuate,

wherein tip extension (20) also has a neck (25)
situated between the attachment end (22) and
the round end (24) such that a diameter of the
neck (25) is smaller than a diameter of the round
end (24),

wherein the tip extension (20) has a longitudinal
axis running from the front of the round end (24)
through the center of the round end (24) through
the diameter of the neck (25) and through the
attachment end (22) to the rear of the attach-
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ment end (22),

wherein the tip is arcuate so as to be curved
along an arc relative to the longitudinal axis, the
arc having a distal end whose extensional direc-
tion is substantially aligned with the longitudinal
axis,

wherein the arcuate cavity of the female com-
ponent (23) that mates with the correspondingly
shaped male component of the tip (44) has a
distal end whose extensional direction is sub-
stantially aligned with the longitudinal axis; and
calibrating the center of the round end (24) by
contacting the round end (24) to a calibration
device.

The method of claim 8, wherein the calibrating of the
center of the round end (24) includes touching the
round end (24) to a round notch while the tip exten-
sion (20) is attached to the tip of the handpiece.

The method of claim 9, further comprising rotating
the round end (24) while the round end (24) is in
contact with the round notch to calibrate a point at a
center of the round end (24) that remains stationary
as the round end (24) rotates.

The method of any one of claims 8-10, further com-
prising having the image-guided system calibrate the
center of action of the handpiece from the calibration
of the center of the round end (24).

The method of any one of claims 8-11, wherein fix-
edly attaching the attachment end (22) of the tip ex-
tension (20) to the tip comprises mating the tip with
a detachable female component (23) of the attach-
ment end (22) and then attaching the female com-
ponent (23) to a remainder of the attachment end
(22).

The apparatus of any one of claims 1-7, wherein the
cavity is a curved cavity.

The apparatus of any one of claims 1-7 and 13, 3,
wherein the neck (25) has a width that is less than
one-quarter of a width of the round end (24) meas-
ured at a widest diameter of the round end (24) and
wherein the width of the neck (25) is less than one-
quarter of a width of the attachment end (22) at a
distal surface (22A) of the attachment end (22).

The apparatus of any one of claims 1-7, 13, 14,
wherein the attachment end (22) is substantially rec-
tangular.

Patentanspriiche

1.

Einrichtung (20), die zur Verwendung mit einem bild-
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gefiuhrten System konfiguriert ist, um ein Handstiick
(40) zu kalibrieren, das eine Spitze (44) aufweist,
wobei die Einrichtung (20) Folgendes umfasst:

eine Spitzenverlangerung (20), die ein Befesti-
gungsende (22)in einer Hinterseite und ein run-
des Ende (24)in einer Vorderseite aufweist, wo-
bei das runde Ende eine Mitte aufweist, die kon-
figuriert ist, um wahrend einer Drehung des run-
den Endes in einer Aussparung wahrend einer
Kalibrierung stationar zu verbleiben, wobei das
Befestigungsende (22) eine innere Komponen-
te (23) und einen Rest (21) aufweist,

wobei die innere Komponente (23) des Befesti-
gungsendes (22) einen bogenférmigen Hohl-
raum zum Zusammenpassen mit einer entspre-
chend geformten &ufleren Komponente der
Spitze (44) des Handstlicks (40) aufweist, um
das Befestigungsende an der Spitze (44) des
Handstiicks (40) fix zu befestigen, wobei die du-
Rere Komponente bogenformig ist,

wobei die Spitzenverlangerung (20) ebenso ei-
nen Hals (25) aufweist, der zwischen dem Be-
festigungsende (22) und dem runden Ende (24)
gelegen ist, wobei ein Durchmesser des Halses
(25) kleiner als ein Durchmesser des runden En-
des (24) ist,

wobei die Spitzenverlangerung (20) eine Langs-
achse aufweist, die von der Vorderseite des run-
den Endes (24) durch die Mitte des runden En-
des (24) durch den Durchmesser des Halses
(25) und durch das Befestigungsende (22) zu
der Hinterseite des Befestigungsendes (22) ver-
lauft,

wobei die Spitze (44) bogenférmig ist, um ent-
lang eines Bogens relativ zu der Langsachse
gekriimmt zu sein, wobei der Bogen ein distales
Ende aufweist, dessen Verlangerungsrichtung
im Wesentlichen an der Langsachse ausgerich-
tet ist, und

wobei der Hohlraum ein distales Ende aufweist,
dessen Verlangerungsrichtung im Wesentli-
chen an der Langsachse ausgerichtet ist.

Einrichtung nach Anspruch 1, wobei die innere Kom-
ponente (23) von dem Rest (21) des Befestigungs-
endes (22) abnehmbar ist.

Einrichtung nach einem der Anspriiche 1-2, wobei
dasrunde Ende (24) wenigstens halbkugelférmig ist.

Einrichtung nach einem der Anspriiche 1-3, wobei
das runde Ende (24) kugelférmig ist.

Einrichtung nach einem der Anspriiche 1-4, wobei
die Spitzenverlangerung (20) einen Hals (25) auf-
weist, der konfiguriert ist, um die Drehung des run-
den Endes (24) zu ermdglichen, wenn sich das runde
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Ende (24) in einer runden Aussparung befindet.

Einrichtung nach einem der Anspriiche 1-5, die fer-
ner eine Kalibrierungsvorrichtung umfasst, wobei die
Kalibrierungsvorrichtung eine Aussparung aufweist,
die (i) rund, (ii) wenigstens halbkugelférmig und/oder
(iii) konisch ist.

Einrichtung nach einem der Anspriiche 1-6, die fer-
ner das Handstiick umfasst, und wobei die Spitze
konfiguriert ist, um unter Druck gesetzten Dampf
oder Ultraschallenergiewellen aus dem Handstiick
zu emittieren.

Verfahren zum Verwenden eines bildgefiihrten Sys-
tems, um ein Handstiick zu kalibrieren, das eine Spit-
ze (44) an einem Ende des Handstilicks (40) auf-
weist, wobei das Verfahren Folgendes umfasst:

fixes Befestigen eines Befestigungsendes (22)
einer Spitzenverlangerung (20) in einer Hinter-
seite der Spitzenverlangerung (20) an der Spit-
ze (44), wobei die Spitzenverlangerung (20)
ebenso ein rundes Ende (24) in einer Vorder-
seite der Spitzenverlangerung (20) aufweist,
das von dem Befestigungsende (22) getrennt
ist, wobei das runde Ende (24) eine Mitte auf-
weist, die konfiguriert ist, um wahrend der Dre-
hung des runden Endes in einer Aussparung
wahrend der Kalibrierung stationar zu verblei-
ben, wobei das Befestigungsende (24) eine in-
nere Komponente (23) und einen Rest (21) auf-
weist,

wobei das fixe Befestigen auftritt, wenn ein bo-
genférmiger Hohlraum der inneren Komponen-
te (23) des Befestigungsendes (22) mit einer
entsprechend geformten du3eren Komponente
der Spitze des Handstlicks zusammenpasst,
wobei die dulRere Komponente bogenformig ist,
wobei die Spitzenverlangerung (20) ebenso ei-
nen Hals (25) aufweist, der zwischen dem Be-
festigungsende (22) und dem runden Ende (24)
derart gelegen ist, dass ein Durchmesser des
Halses (25) kleiner als ein Durchmesser des
runden Endes (24) ist,

wobei die Spitzenverlangerung (20) eine Langs-
achse aufweist, die von der Vorderseite des run-
den Endes (24) durch die Mitte des runden En-
des (24) durch den Durchmesser des Halses
(25) und durch das Befestigungsende (22) zu
der Hinterseite des Befestigungsendes (22) ver-
lauft,

wobei die Spitze bogenférmig ist, um entlang
eines Bogens relativ zu der Langsachse ge-
krimmt zu sein, wobei der Bogen ein distales
Ende aufweist, dessen Verlangerungsrichtung
im Wesentlichen an der Langsachse ausgerich-
tet ist,
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wobei der bogenférmige Hohlraum der inneren
Komponente (23), der mit der entsprechend ge-
formten auReren Komponente der Spitze (44)
zusammenpasst, ein distales Ende aufweist,
dessen Verlangerungsrichtung im Wesentli-
chen an der Langsachse ausgerichtet ist; und
Kalibrieren der Mitte des runden Endes (24)
durch Inberiihrungbringen des runden Endes
(24) mit einer Kalibrierungsvorrichtung.

Verfahren nach Anspruch 8, wobei das Kalibrieren
der Mitte des runden Endes (24) das Anliegen des
runden Endes (24) an einer runden Kerbe beinhaltet,
wahrend die Spitzenverlangerung (20) an der Spitze
des Handstiicks befestigt ist.

Verfahren nach Anspruch 9, das ferner das Drehen
des runden Endes (24) umfasst, wahrend das runde
Ende (24) in Beriihrung mit der runden Kerbe steht,
um einen Punktin einer Mitte des runden Endes (24)
zu kalibrieren, der stationar verbleibt, wahrend sich
das runde Ende (24) dreht.

Verfahren nach einem der Anspriiche 8-10, das fer-
ner umfasst, dass das bildgefiihrte System die Akti-
onsmitte des Handstlicks von der Kalibration der Mit-
te des runden Endes (24) kalibriert.

Verfahren nach einem der Anspriiche 8-11, wobei
das fixe Befestigen des Befestigungsendes (22) der
Spitzenverlangerung (20) an der Spitze das Zusam-
menpassen der Spitze mit einer abnehmbaren inne-
ren Komponente (23) des Befestigungsendes (22)
und dann das Befestigen der inneren Komponente
(23) an einem Rest des Befestigungsendes (22) um-
fasst.

Einrichtung nach einem der Anspriiche 1-7, wobei
der Hohlraum ein gekriimmter Hohlraum ist.

Einrichtung nach einem der Anspriiche 1-7 und 13,
3, wobei der Hals (25) eine Breite aufweist, die we-
niger als ein Viertel einer Breite des runden Endes
(24) betragt, gemessen an einem breitesten Durch-
messer des runden Endes (24), und wobei die Breite
des Halses (25) weniger als ein Viertel einer Breite
des Befestigungsendes (22) an einer distalen Ober-
flache (22A) des Befestigungsendes (22) betragt.

Einrichtung nach einem der Anspriiche 1-7, 13, 14,
wobei das Befestigungsende (22) im Wesentlichen
rechteckig ist.

Revendications

1.

Appareil (20) configuré destiné a étre utilisé avec un
systéme guidé par image pour étalonner une piece
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a main (40) ayant une pointe (44), I'appareil (20)
comprenant :

une extension de pointe (20) ayant une extré-
mité de fixation (22) a I'arriere et une extrémité
ronde (24) a l'avant, I'extrémité ronde ayant un
centre congu pour rester fixe pendant la rotation
de I'extrémité ronde dans un évidement pendant
I’étalonnage, I'extrémité de fixation (22) ayant
un composant femelle (23) et un reste (21),
dans lequel le composant femelle (23) de I'ex-
trémité de fixation (22) présente une cavité ar-
quéedestinée as’accoupler avec un composant
male de forme correspondante de la pointe (44)
de la piéce a main (40) de maniére a fixer de
maniere fixe I'extrémité de fixation a la pointe
(44) delapiéce a main (40), 'élément méle étant
arqué,

dans lequel I'extension de pointe (20) présente
également un col (25) situé entre I'extrémité de
fixation (22) et I'extrémité ronde (24), un diame-
tre du col (25) étant inférieur a un diametre de
I'extrémité ronde (24),

dans lequel I'extension de pointe (20) présente
un axe longitudinal s’étendant de I'avant de I'ex-
trémité ronde (24) a travers le centre de I'extré-
mité ronde (24) a travers le diamétre du col (25)
et a travers I'extrémité de fixation (22) jusqu’a
I'arriere de I'extrémité de fixation (22),
danslequel la pointe (44) est arquée de maniere
a étre incurvée le long d’'un arc par rapport a
I'axe longitudinal, I'arc ayant une extrémité dis-
tale dont la direction d’extension est sensible-
ment alignée avec I'axe longitudinal, et

dans lequel la cavité présente une extrémité dis-
tale dont la direction d’extension est sensible-
ment alignée avec I'axe longitudinal.

Appareil selon la revendication 1, dans lequel le
composant femelle (23) est détachable du reste (21)
de I'extrémité de fixation (22).

Appareil selon I'une quelconque des revendications
1a2,danslequell’extrémité ronde (24) est au moins
hémisphérique.

Appareil selon I'une quelconque des revendications
1 a 3, dans lequel I'extrémité ronde (24) est sphéri-
que.

Appareil selon I'une quelconque des revendications
1a4, dans lequel 'extension de pointe (20) présente
un col (25) congu pour permettre la rotation de I'ex-
trémité ronde (24) lorsque I'extrémité ronde (24) est
dans un évidement rond.

Appareil selon I'une quelconque des revendications
1 a5, comprenant en outre un dispositif d’étalonna-
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ge, le dispositif d’étalonnage ayant un évidement qui
est (i) rond, et/ou (ii) au moins hémisphérique et/ou
(iii) conique.

Appareil selon I'une quelconque des revendications
1 a 6, comprenant en outre la piece a main et dans
lequel la pointe est congue pour émettre I'une parmi
de la vapeur sous pression et des ondes d’énergie
ultrasonore hors de la piéce a main.

Procédé d'utilisation d’'un systeme guidé par image
pour étalonner une piece a main ayant une pointe
(44) a une extrémité de la piece a main (40), le pro-
cédé comprenant :

la fixation fixe a la pointe (44) d’une extrémité
de fixation (22) d’une extension de pointe (20)
a l'arriére de I'extension de pointe (20), I'exten-
sion de pointe (20) ayant également une extré-
mité ronde (24) a'avant de I'extension de pointe
(20) séparée de I'extrémité de fixation (22), I'ex-
trémité ronde (24) ayant un centre qui est congu
pour rester fixe pendant la rotation de I'extrémité
ronde dans un évidement pendant'étalonnage,
I'extrémité de fixation (24) ayant un composant
femelle (23) et un reste (21),

dans lequel la fixation fixe se produit lorsqu’une
cavité arquée du composantfemelle (23) de I'ex-
trémité de fixation (22) s’accouple avec un com-
posant male de forme correspondante de la
pointe de la piéce a main, le composant male
étant arqué,

dans lequel I'extension de pointe (20) présente
également un col (25) situé entre I'extrémité de
fixation (22) et 'extrémité ronde (24) de telle sor-
te qu’un diametre du col (25) est inférieur a un
diameétre de I'extrémité ronde (24),

dans lequel I'extension de pointe (20) présente
un axe longitudinal s’étendant de I'avant de I'ex-
trémité ronde (24) a travers le centre de I'extré-
mité ronde (24) a travers le diametre du col (25)
et a travers I'extrémité de fixation (22) jusqu’a
I'arriére de I'extrémité de fixation (22),

dans lequel la pointe est arquée de maniere a
étre incurvée le long d’un arc par rapport a I'axe
longitudinal, I'arc ayant une extrémité distale
dont la direction d’extension est sensiblement
alignée avec 'axe longitudinal,

dans lequel la cavité arquée du composant fe-
melle (23) qui s’accouple avec le composant
male de forme correspondante de la pointe (44)
présente une extrémité distale dont la direction
d’extension est sensiblement alignée avec 'axe
longitudinal ; et I'étalonnage du centre de I'ex-
trémité ronde (24) en mettant en contact I'extré-
mité ronde (24) avec un dispositif d’étalonnage.

9. Procédé selon la revendication 8, dans lequel I'éta-

10

15

20

25

30

35

40

45

50

55

10

10.

1.

12.

13.

14.

15.

lonnage du centre de I'extrémité ronde (24) compor-
te le fait de toucher I'extrémité ronde (24) avec une
encoche ronde tandis que I'extension de pointe (20)
est fixée a la pointe de la piece a main.

Procédé selon la revendication 9, comprenant en
outre la rotation de I'extrémité ronde (24) tandis que
I'extrémité ronde (24) est en contact avec I'encoche
ronde pour étalonner un point au centre de I'extré-
mité ronde (24) quireste fixe comme extrémité ronde
(24) tourne.

Procédé selon I'une quelconque des revendications
8 a 10, comprenant en outre le fait que le systeme
guidé par image étalonne le centre d’action de la
pieéce a main a partir de I'étalonnage du centre de
I'extrémité ronde (24).

Procédé selon I'une quelconque des revendications
8 a 11, dans lequel la fixation fixe de I'extrémité de
fixation (22) de I'extension de pointe (20) a la pointe
comprend I'accouplement de la pointe avec un com-
posant femelle amovible (23) de I'extrémité de fixa-
tion (22) et puis la fixation du composant femelle (23)
a un reste de I'extrémité de fixation (22).

Appareil selon I'une quelconque des revendications
1 a7, dans lequel la cavité est une cavité incurvée.

Appareil selon I'une quelconque des revendications
1a7et13, 3, dans lequel le col (25) présente une
largeur qui est inférieure a un quart de la largeur de
I'extrémité ronde (24) mesurée a un diametre le plus
large de I'extrémité ronde (24) et dans lequel la lar-
geur du col (25) est inférieure a un quart de largeur
de I'extrémité de fixation (22) au niveau d’'une sur-
face distale (22A) de I'extrémité de fixation (22).

Appareil selon I'une quelconque des revendications
1a7,13, 14, dans lequel I'extrémité de fixation (22)
est sensiblement rectangulaire.
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