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MULTI-DIRECTIONAL HANDPIECE

Related Applications

[0001] This patent application claims the benefit of and priority to US Provisional Patent
Application Ser. No. 61,913,947, filed on December 10, 2013.

Field of Invention

[0002] The present invention relates to endodontic instruments, and more particularly,

rotating, reciprocating, and/or oscillating instruments.

Background of the Invention

[0003] Current contra angle handpieces are designed either to only rotate the file or to move
the file up and down without rotating it. Each motion has its own separate advantages. By
rotating the file, due to the file fluting, this allows the file to engage with the root canal and
clean and shape more efficiently. The disadvantage to pure rotation movement is the
susceptibility to over torque the file while performing a root canal procedure. If the file begins
to bind in the canal, it can increase the potential for the file to either unwind or separate.
Also, by having pure rotation, if the file is going around a curve and is held at that curve too
long, cyclical fatigue can cause the file to separate. By having only an up and down motion
without any rotation of the file, it prevents the file from over torque. It also prevents the file
from experiencing cyclical fatigue failure due to extensive rotational motion while going
around a curve. The disadvantage of just up and down motion is that the cutting efficiency is
significantly reduced due to the design of the file and its fluting.

[0004] There are many commercially available contra angle handpieces that have the
capability of rotating the file clockwise, counterclockwise, or in reciprocation motions when
connected to an endodontic motor (Aseptico, ATR, Sirona). These contra angle handpieces
are available in many different gear ratios based upon the desired RPM capabilities of the
clinician. Also, there are commercially available contra angle handpieces that have the
capability of vertically oscillating the file in an up and down motion without rotation
(EndoPulse, ReDent). US Patent 8,172,572 discusses a handpiece design that has a
reciprocating motion parallel to the tool axis at a first frequency of oscillations per minute and
rotates about the tool axis at a frequency at a second frequency of rotations per minute,
wherein said first frequency is at least one order of magnitude greater than said second

frequency. it goes on to state that the tool holder  rotates
1
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through a rotational step of no more than a fortieth of a revolution about said tool axis. It also
states that the first frequency (motion parallel to the tool axis) is at least two orders of magnitude
greater than said second frequency (rotation about the tool axis). This type of design is
primarily intended to vertically oscillate at a much greater magnitude than it rotates. By having
this type of motion, most conventional rotary files would not be able to be used with this type of
contra angle design because the rotation is not balanced with the vertical oscillation. Most
conventional file designs would prefer no more than a ratio of 8 to 1 where there are 8 vertical
oscillations for every rotation of the file. US Patents 4,175,324; 5,169,312: 5,454,718; and
5,453,008 discuss using an eccentric shaft or pin, which is driven by the motor to cause the file
in the contra angle to move up and down. This is perfectly fine for a concept where the file is
only moving in a vertical motion and nof rotationally. The problem comes when the desire is for
the file to rotate as well. Therefore, a separate component would have to be added to have the
file rotate while driven by the motor. US Patent 5,145,369 discusses a cam mechanism where
Fig. 60 is rotating along the top of the contra angle and a restoring spring is used to apply
constant pressure to the cam mechanism thus allowing it to rotating while moving up and down.
The key in this design is that the cam mechanism will generate friction if not lubricated well and
may cause the cam mechanism to wear down over time depending on the spring constant of the
restoring spring. US Patent 6,106,290 and 4,289,849 discusses a hand piece with groove
portions or a L-shaped link arm which allows the file to reciprocate both vertically and in rotation.
The problem with this design is that the file is never allowed to fully rotate 360° which will limit
the cutting efficiency of the file as it progresses within the root canal.

[0005] Most current contra angle handpieces are designed either to only rotate the file or to
oscillate the file up and down without rotating it. Each motion has its own separate advantages.
By rotating the file, due to the file fluting, this allows the file to engage with the root canal and
clean and shape more efficiently. The disadvantage to pure rotation movement is the
susceptibility to over torque the file while performing a root canal procedure. If the file begins to
bind in the canal, it can increase the potential for the file to either unwind or separate. Also with
pure rotation, some file designs allow the file to screw into the canal thus causing the clinician to
lose control of the progression of the file. This can lead to transportation or apical zipping of the
canal. Also, by having pure rotation, if the file is going around a curve and is held at the curve
too long, cyclical fatigue can cause the file to separate. By having only an up and down vertical
motion without any rotation of the file, it prevents the file from over torque. It also prevents the
file from experiencing cyclical fatigue failure due to extensive rotational motion while going

around a curve. The disadvantage of just up and down motion is that the cutting efficiency is
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significantly reduced due to the design of the file and its fluting. By having a motion of the file
that is both in rotation as well as axial movement up and down, it allows the file to ¢lean and
shape efficiently while reducing the torque and cyclical fatigue exposure on the file.

[0006] As such, the present invention attempts to overcome these problems by providing a
handpiece configured to achieve a motion (e.g., a motion of a file) having both rotation (e.g.,
clockwise, counterclockwise, or a combination of both movement about the file axis) as well as
oscillation (e.g., axial movement up and down) dual motion. This dual functionality allows the
file to clean and shape efficiently while reducing the torque created on the file and cyclical
fatigue exposure.

Summary of Invention:

[0007] The present invention seeks to improve upon prior rotary instruments by providing
improved multi-directional instruments. In one aspect, the present inveniion provides a muiti-
directional handpiece comprising: a motor drive exiending along and configured for rotation
about a body axis, the motor drive having: a motor gearing at a proximal end of the motor drive:
and a file gearing in engagement with the motor gearing for transferring the rotational and axial
movement to a workpiece; and a housing for the workpiece; and wherein through rotation of the
motor drive, the workpiece moves in an axial oscillating motion while being rotated.

[0008] In another aspect, the present invention contemplates a multi-directional handpiece
comprising: a motor drive extending along and configured for rotation about a body axis, the
motor drive having: & motor gearing at a proximal end of the motor drive; and a cam drive at the
proximal end of the motor drive, the cam drive extending along an axis offset from the body
axis; and a cam follower extending along a head axis; the cam follower having: a groove having
opposing spaced apart walls for receiving the cam drive; a file gearing in engagement with the
motor gearing for transferring the rotational movement of the motor drive about the body axis to
the cam follower about the head axis; and a housing for a workpiece; and wherein through
rotation of the motor drive, the cam drive revolves along a displaced path from the body axis
thereby moving the cam follower generally along the head axis so that the workpiece moves in
an oscillating motion while being rotated.

[0009] In another aspect, the present invention contemplates a multi-directional handpiece
comprising: a fixed pin {e.g.. stationary pin); a motor drive extending along and configured for
rotation about a body axis, the motor drive having: a motor gearing at a proximal end of the
motor drive; and a file drive extending along a head axis; the file drive having: a file gearing in
engagement with the motor gearing for transferring the rotational movement of the motor drive
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about the body axis to the file drive about the head axis; and a follower member including a
radial groove having opposing spaced apart walls, the walls including a plurality of sections
(e.g., curves) having a first section being displaced axially relative to a second section along
the head axis to define an offset path that is dimensioned for receiving the fixed pin; and a
housing for a workpiece; and wherein as the file drive rotates, at least one wall of the radial
groove is rotated towards the fixed pin so that upon contact with the fixed pin, the follower
member is axially displaced generally along the head axis so that the workpiece moves in an
oscillating motion while being rotated.

[0009a] In yet another aspect, any of the aspects of the present invention may be further
characterized by one or any combination of the following features: wherein the workpiece is
axially oscillated from 1 to 20 times for every revolution; wherein the workpiece is axially
oscillated from 1 to 10 times for every revolution; wherein the workpiece is axially oscillated
at least 1 time for every revolution; wherein the workpiece is axially oscillated at least 2 times
for every revolution; wherein the workpiece is axially oscillated less than 10 times for every
revolution; wherein the workpiece is axially oscillated less than 7 times for every revolution;
wherein the motor drive includes a cam drive at the proximal end of the motor drive, the cam
drive extending along an axis offset from the body axis; wherein the cam follower extends
along a head axis having a groove with opposing space apart walls for receiving the cam
drive; wherein the workpiece is rotated either clockwise, counterclockwise or in reciprocation;
wherein the workpiece/tool is a file; or any combination thereof.

[0009b] In an embodiment, there is provided a multi-directional handpiece comprising: a
fixed pin; a motor drive extending along and configured for rotation about a body axis, the
motor drive having: a motor gearing at a proximal end of the motor drive; and a file drive
extending along a head axis; the file drive having: a file gearing in engagement with the
motor gearing for transferring the rotational movement of the motor drive about the body axis
to the file drive about the head axis; and a follower member including a radial groove having
opposing spaced apart walls, the walls including a plurality of sections having a first section
being displaced axially relative to a second section along the head axis to define an offset
path that is dimensioned for receiving the fixed pin; and a housing for a workpiece; and
wherein the fixed pin extending from an internal surface of a head housing has a fixed end
and a free end generally extending in a transverse direction to the head axis; the free end of
the fixed pin extends into the radial groove of the follower member; and wherein as the file

drive rotates, at least one wall of the radial groove is rotated towards the fixed pin so that
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upon contact with the fixed pin, the follower member is axially displaced generally along the
head axis so that the workpiece moves in an oscillating motion while being rotated.

[0009¢] In an embodiment, there is provided a multi-directional handpiece comprising: a
motor drive extending along and configured for rotation about a body axis, the motor drive
having: a motor gearing at a proximal end of the motor drive; and a rotatable cam drive at the
proximal end of the motor drive, the rotatable cam drive extending along an offset axis and
being generally parallel to the body axis; and a cam follower extending along a head axis; the
cam follower having: a groove having opposing spaced apart walls for receiving the cam
drive; a file gearing in engagement with the motor gearing for transferring the rotational
movement of the motor drive about the body axis to the cam follower about the head axis;
and a housing for a workpiece; and wherein through rotation of the motor drive, the rotatable
cam drive rotates about the offset axis while revolving around the body axis thereby moving
the cam follower generally along the head axis so that the workpiece moves in an oscillating
motion while being rotated.

[0010] It should be appreciated that the above referenced aspects and examples are non-
limiting as others exist with the present invention, as shown and described herein. For
example, any of the above mentioned aspects or features of the invention may be combined
to form other unique configurations, as described herein, demonstrated in the drawings, or

otherwise.

Brief Description of the Drawings

[0011] The novel features of the invention are set forth with particularity in the appended
claims. The invention itself, however, both as to organization and methods of operation,
together with further objects and advantages thereof, may best be understood by reference
to the following description, taken in conjunction with the accompanying drawings in which:
[0012] Figure 1 is a side view of a portion of a multi-directional handpiece assembly in a first
position in accordance with embodiments of the present invention;

[0013] Figure 2 is a side view of the portion of the multi-directional handpiece assembly in a

second position in accordance with embodiments of the present invention;

4a
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[0014] Figure 3 is a zoomed in perspective view of the portion of the multi-directional handpiece
assambly shown in Figure 2;

[0015] Figure 4 is a side view of an alternative following member of another multi-directional
handpiece assembly in accordance with embodiments of the present invention;

[0016] Figure 5 is a side view of another alternative following member of another multi-
directional handpiece assembly in accordance with embodiments of the present invention;
[0017] Figure 6 is a side view of ancther alternative following member of another multi-
directional handpiece assembly in accordance with embodiments of the present invention;
[0018] Figure 7 is a perspective view of a portion of another muliti-directional handpiece
assembly in a first position in accordance with embodiments of the present invention;

[0019] Figure 8 is a side view of the another multi-directional handpiece assembly shown in
Figure 7;

[0020] Figure 9 is a perspective view of the portion of the another multi-directional handpiece
assembly in a second paosition in accordance with embodiments of the present invention;

[0021] Figure 10 is a side view of the another multi-directional handpiece assembly shown in
Figure 9;

[0022] Figure 11A is a front view of the multi-directional handpiece shown in Figure 8 without
the headpiece housing showing the cam follower in a first vertical position;

[0023] Figure 11B is a front view of the multi-directional handpiece shown in Figure 11A without
the cam follower;

[0024] Figure 12A is a front view of the multi-directional handpiece shown in Figure 8 without
the headpiece housing showing the cam follower in a second vertical position;

[0025] Figure 12B is a front view of the multi-directional handpiece shown in Figure 11A without
the cam follower,;

[0026] Figure 13A is a side view of a portion of another multi-directional handpiece assembly in
accordance with embodiments of the present invention;

[0027] Figure 13B is a front cross-sectional view of the multi-directional handpisce shown in
Figure 13A taken across A-A.

Detailed Description of the Invention

[0028] The present invention may provide a multi-directional handpiece. More particularly, the
present invention may provide a rotary file handpiece (contra angle) for simultaneously rotating
(either clockwise, counterclockwise, or reciprocating clockwise and counterclockwise) and
oscillating {(moving up and down in an axial reciprocating movement) an endodontic file attached
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thereto. It is appreciated that the multi-directional handpieces of the present invention may
simultaneously rotate and move axially the rotary file for cleaning and shaping a root canal.
[0029] Desirably the file may rotate either clockwise, counterciockwise, or in reciprocation (e.g.,
intermittent rotation between counterclockwise rotation and clockwise rotation) while
simultaneously osgcillating vertically up and down (e.g., above and below the Handpiece Body
Axis). The multi-directional handpiece may be configured so that the workpiece (e.g., file)
axially oscillates at least 1, preferably at least 2, and more preferably at least 3 times or more
{e.q., 5, 6, or 7 times) for every revalution (e.g., rotation such as clockwise, counterclockwise, or
in reciprocation). Furthermore it is appreciated that the workpiece may be axially oscillated less
than 20, preferably less than 15, and more preferably less than 10 (e.g., 7) times for every
revolution. For example, the workpiece may be axially oscillated from 1 to 20, preferably from 2
to 18, and more preferably from 3 to 10 {e.g., from 3 to 7) times for every revolution. As referred
to herein, an oscillation may be describe as one cycle from a first position to a second position
and returning to the first position.

[0030] It is believed that one advantage to having a simultaneous rotation and vertical
oscillation motion for the endodontic file may be that it allows the file to clean and shape
efficiently while reducing the torque and cyclical fatigue exposure that the file sees in traditional
rotary only motions.

[0031] In the present exemplary embodiment, the multi-directional handpiece 10 comprises a
handpiece head 12 and only part of a handpiece body 14. The handpiece head 12 includes an
angular head housing 16 whose rear body housing section 17, when mounted to the handpiece
10, is a forward extension of the gripping sleeve 10a of the handpiece 10 having a longitudinal
axis 18,

[0032] As shown in particular in FIGS. 1-3 the angular head housing 16 has in the region of its
head housing section 16a an axial bearing bore 20 which leads forward into a continuous
bearing bore 22 that extends at right angles thereto and is manufactured with steps. In the
bearing bore 22, a following member 24 is mounted to a tool drive 26 so that it can move up and
down in its longitudinal direction (along the head axis 28), i.e. fransverse to the handpiece body
14, and rotate (about the head axis 28). In the cylindrical bore (not shown) of the following
member 24 there is a treatment tool 30 (e.g., workpiece or file such as an endodontic file)
having a cylindrical holding shaft 30a arranged along its axis 30b, which can be inserted
slidingly from the tool side and clamped. The tool 30 operates by oscillating longitudinally (e.g.,
up and down along head axis 28).
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[0033] The tool drive 26 has in its upper region a tool gearing 32, which is capable of rotating
the tool drive 26 about the head axis 28. The tool gearing 32 is spaced axially from the follow
member 24 to provide space for a motor gearing 34, which extends from a motor drive 36. The
motor drive 36 transfers power from the moter {not shown) in a rotational movament about the
body axis 18. The motor gearing 36 translates the rotational drive power {(e.g., rotational
movement about the body axis 18) from the motor drive 36 through the tool gearing 32 to
provide rotational drive power (e.g., rotational movement about the head axis 28) along the tool
drive 26.

[0034] In one specific example, the tool drive 26 includes at least one longitudinal rib 38
(preferably two opposing spaced ribs) for receiving and guiding the following member 24 by way
the at least one corresponding longitudinal groove 40 (preferably two opposing spaced
grooves). It is appreciated that this is only one example and should not be limited to this
specific orientation. For example, the at least one longitudinal rib 38 may be located on the
following 24 while the respective at least one longitudinal groove 40 may be provided on the tool
drive 28. It is appreciated that slidable movement of the following member 24 in cooperation
with the tool drive 26 may be accomplished by other means known in the art.

[0035] The longitudinal ribs 38 mate with the longitudinal grooves 40, respectively, and allows
for slidable movement of the following member 24 along the head axis 28, which results in the
oscillating motion of the tool 30. The length of the longitudinal rib 38 and/or the longitudinal
groove 40 should be sufficient to allow the following member 24 the maximum movement {(e.g.,
vertical height/depth of oscillation of the tool 30) depending on the shape/size of the following
member 24.

[0036] The head 12 may further included a fixable pin 42 extending from an internal surface 43
of the head housing 16. The fixable pin 42 may be in a fixed (e.g., stationary) location or may
be movable between two or more fixed locations/positions (e.g., in a generally parallel direction
to the head axis 28). The fixable pin 42 may include a fixed end 42z and a free end 42b
generally extending in a transverse direction to the head axis 28. The free end 42b of the
fixable pin 42 extends into an outer groove 44 of the following member 24.

[0037] The following member 24 may include an outer surface 46, which includes an upper
portion 48 and a lower portion 50 defined by the outer groove 44, therebetween. The outer
groove 44 may include a top wall 44a, a bottom wall 44b, and a base surface 44c extending
therebetween. It is appreciated that the outer groove 44 may extend along at least portion of or
preferably entirely around the following member 24 (in a generally transverse direction to the
head axis 28).
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[0038] The outer groove 44 may define a generally sinusoidal path, though not required. Other
path shapes are contemplated. Preferably, the outer groove 44 includes ohe or more
displacement portions 52 (e.g., one or more pairs of displacement portions) having at least a
first pair of corresponding displacement portions. In one specific embodiment, as shown if
FIGS. 1-3, the outer groove 44 may include a first pair of cotresponding displacement portions
52a and 52b and a second pair of corresponding displacement portions 54a and 54b. In this
specific example, the pair of corresponding displacement portions 52a and 52b are located on
opposing sides of the following member 24 while the second pair of corresponding displacement
portions 54a and 54b are also located on different opposing sides of the following member 24,
Preferably, the displacement portions may be equally spaced from one another, though not
required.

[0039] Optionally, the following member 24 may be provided in alternative shapes/sizes 24a,
24b, and 24c (FIGS. 4-6) and/or may be removable to accommodate these alternative following
members in one or more multi-directional handpieces 12. These alternative following members
may be designed to accommodate various preferences in desired wvertical oscillation
height/depth (e.g., about 0.5 mm to about 4.5 mm, preferably about 1 mm fo about 3 mm)
and/or number of oscillations per rotation (e.g., 1 to 20, typically 1 to 10, and preferably 2 to 4)
of the tool into a working area (e.g., root canal).

[0040] It is appreciated that height of each pair of corresponding displacement portions and the
number of pairs of corresponding displacement portions define vertical oscillation height and the
number of oscillations per rotation, respectively. For example, the pairs of corresponding
displacement portions 56a,56b and 58a,58b in FIG. 4 have a smaller vertical height “vh” than a
larger vertical height “VH” of the pairs of ccrresponding displacement portions 602a,60b and
62a,62b in FIG. 5. Furthermore, for example, FIGS. 4-5 include four pairs of corresponding
displacement portions 56a,56b, 58a,58b, 60a,60b and 62a,62b, which result in two full vertical
oscillations for every one rotation of the tool as compared to FIG 6, which includes six pairs of
corresponding displacement portions 64a, 64b, 64c and 66a, 66b, 66¢ (not shown) resulting in
three full vertical osciliation for every one rotation of the tool.

[0041] It is appreciated that the simultaneous movement (e.g., rotation and oscillation) may be
achieved through rotation of the motor drive 36 by way of the motor so that the gearing from the
motor drive 36 engages the gearing of the tool drive 26, which then causes the tool drive 26 to
rotate. As the tool drive 26 rotates, the ribs 38 in the tool drive 26 engage with the grooves 40
in the follower member 24 thus causing the follower member 24 to rotate. As the follower
member rotates 24, the outer groove 44 that may be peripherally located around the follower
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member 24 engages with the fixable pin 42 {while in a fixed position) causing the follower
member 24 to oscillate vertically in an up and down manner as it is rotating. The tool 30 is
connected to the follower member 24, which then causes the tool 30 to rotate as it is vertically
oscillating in an up and down manner.

[0042] More particularly in use, it is appreciated that as the tool drive 26 rotates the following
member 24 about the head axis 28, al least one of the top surface 44a and/or the bottom
surface 44b of at least one of the displacement portions 52 engages the fixable pin 42 (e.g., ina
fixed position) thereby displacing the following member 24 along the longitudinal rib 38. During
rotation of the tool drive 26, the fixable pin 42 continues to engage various displacement
portions 52 along the outer groove 44 such that the following member 24 (and the tool 30)
moves in the vertical direction {e.g., up or down along the head axis) corresponding the vertical
height of each respective displacement portion 52. This oscillating movement may continue
until the rotation of the tool drive 26 ceases.

[0043] Optionally. in another smbodiment, the fixable pin 42 may be moved to a non-fixed
position (while optionally fixing the following member 24 at one vertical height position) so that
as the following member 24 rotates the fixable pin 42 is movable in a vertical direction (e.g., up
or down in the direction parallel to head axis 28) along the inner surface 43 of the head housing.
In doing so, the displacement portions 52 engage the free end 42b of the fixable pin 42 thereby
displacing the fixable pin 42 vertically while allowing the following member 24 to freely rotate
without oscillation, though not required.

[0044] In another optional embodiment, the fixable pin 42 may be moved to a different fixed
position along the head housing 16 (e.g., up or down relative to the exemplary position shown in
FIGS 1-3 in the direction parallel to head axis 28) to increase or decrease the depth of the tool
oscillation into a work area (e.g., such as a root canal) relative to the predetermined vertical
height of the one or more displacement portions 52,

[0045] The present invention further contemplates alternate embodiments of the mult-
directional handpiece. For example, the outer groove 44 in the follower member 24 may be
modified to adjust the number of vertical oscillations per every rotation of the tool or the amount
(e.g., the distance) of vertical displacement desired, and/or a combination of both.

[0046] FIGS 7-12B iltustrate another alternate embodiment of the present invention, which may
include & multi-directional handpiece 110 having a handpiece head portion 112 and a generally
longitudinal handpiece body 114. The head portion 112 extending generalty transversely from
the body 114 and includes a handpiece housing 116 whose rear body housing section 117,
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when mounted to the handpiece 110, is a forward extension of the gripping sleeve (not shown)
of the handpiece 110 having a longitudinal axis 118.

[0047] The angular head housing 116 has in the region of its head housing section 116a an
axial bearing bore 120 which leads forward into a continuous bearing bore 122 that extends at
right angles thereto. In the bearing bore 122, a cam follower 124 is provided so that it can move
up and down in its longitudinal direction (along the head axis 128), i.e. transverse to the
handpiece body 114, and rotate about the head axis 28. In the cylindrical bore (not shown) of
the cam follower 124 there is a treatment tool (not shown, e.g., file such as an endodontic file)
having a cylindrical holding shaft arranged along its axis similar to what is shown in FIGS 1-3,
which can be inserted slidingly from the tool side and clamped. The cam follower 124 has in its
lower region a tool gearing 132, which is capable of rotating the cam follower 124 about the
head axis 128.

[0048] Desirably, the multi-directional handpiece 110 may be configured to rotate the file either
clockwise, counterclockwise, or in reciprocation while simultaneously oscillating the file vertically
up and down. This multi-directional movement may be achieved through a motor drive 136,
which is being rotated by a motor (not shown) located typically within the body 114 of the
handpiece 110. It is appreciated that the motor drive 136 may include a motor gearing 134 and
a cam drive 170, and may extend generally longitudinally along a body axis 118 of the
handpiece 110. Connected to the motor drive 136 is the motor gearing 134, which is in
engagement with the tool gearing 132 for rotating the cam follower 124 and the tool removably
secured therein (not shown). The motor gearing 134 may be located at a free end of the motor
drive I1 36 (extending generally radially from the body axis 118) at a connection opening between
the head portion 112 and the handpiece body 114 of the handpiece 110.

[0049] The cam follower 124 may further include an outer groove 144 (e.g., extending along
perimeter of the cam follower 124 in a transverse direction to the head axis 128. The outer
groove 144 may include a top wall 144a, a bottom wall 144b, and a base surface 144c
extending therebetween, and being dimensioned to receive a free end 172 of the cam drive 170
of the motor drive 136. Desirably, the cam drive 170 extends longitudinally from the free end
174 of the motor drive 136 and/or the motor gearing 134 along an offset axis 175 relative to
(and generally parallel to) the body axis 118. As the motor drive 136 rotates about the body
axis 118, the cam drive 170 located at the end of the motor drive 136 revolves (e.g., orbits) the
body axis 118 along a displaced path {e.g., a concentric path). The motor gearing 134 and/or
the motor drive 136 may include a drive pin 176 in communication with the cam drive 170. The
cam drive may be fres fo rotate about the drive pin 176 (i.e., and about the offset axis), though

10
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not required. Furthermore, the cam drive 170 may include an outer surface 177 having at least
one flat surface 178 and preferably at least two flat surfaces. In one specific example, the cam
drive 170 may include an upper flat surface 178a and a bottom flat surface 178b. Desirably, the
vertical spacing (e.g., the base surface 144c) between the top tall 144a and the bottom wall
144¢ of the outer groove 144 is dimensioned relative to the vertical distance between the upper
and bottom surfaces 178a and 178b to prevent the cam drive 170 from rotating within the
groove 144 while allowing the drive pin 176 to rotate within the cam bore 180. Alternatively, the
cam drive 170 may be fixedly secured to the drive pin 176 thereby preventing the rotation of the
drive pin 176 with the cam bore 180. In this configuration, the drive pin 176 may be capable of
freely rotating within motor gearing 134 and/or the motor drive 138. It is appreciated that the
cam drive 170 and the respective outer groove 144 may be provided in various shapes and/or
sizes.

[0050] , As discussed above, the cam drive 170 may include two opposing fiat surfaces
178a,178b that define a width W therebetween, the width W corresponding to the distance (e.g.,
height) between the opposing spaced apart walls 144a and 144b of the groove 144. it is
appreciated that a distance X may be provided which defines a radial distance between the
body axis 118 and the offset axis 175 such that the flat surface(s) 178 may include a length L
(e.g., the distance transverse to the offset axis and the width W of cam drive 170) having a
distance of at least about 1/16, preferably at least about 1/8, and more preferably at least about
¥ of the distance X. Furthermore, the flat surface 178 of the cam drive 170 may include a
length L having a distance less than about 5 times, preferably less than 4 times, and more
preferably less than about 3 times {e.g., about 2 times) of the distance X. For example, the flat
surface 178 may include a length having a distance ranging from about 1/16 to about 5 times,
preferably from about 1/8 to about 4 times, and more preferably about % to about 3 times (e.g.,
about 2 times) of the distance X.

[0051] It is appreciated that X may be at least about 0.25 mm, and preferably at least about 0.5
mm. Furthermore, it is appreciated that X may be less than about 2.25 mm and preferably less
than about 1.5 mm. For example, X may range from about 0.25 mm to about 2.25 mm, and
preferably about 0.5 mm to about 1.5 mm. In doing so, it is believed that the vertical movement
(e.g., vertical oscillation) of the cam foliower (and the tool secured thereto) may range from
about 0.5 mm to about 4.5 mm, and preferably about 1 mm to about 3 mm along the head axis
138.

[0052] The mator gearing 134 is in engagemeant with the tool gearing 132 to adjust the direction
of rotation from along the body axis 118 to the head axis 128 (e.g., from greater than 0 to less
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than 180 degrees such as about 90 degrees). In doing so, rotational power from the motor (not
shown) is transferred along the motor drive about the body axis 118 through the motor gearing
134 to the cam follower 134 through the tool gearing 132. The tool gearing 132 (bsing generally
perpendicular to the motor gearing 132) transfers the rotational power about the head axis 128
to the tool housing (not shown) within the cam follower 134 for rotation of the tool (not shown)
removable secured therein.

[0053] As the motor drive 136 rotates, the cam drive 170 moves along the displaced path (e.g.,
concentric path, which may be radially displaced from the body axis 118). Desirably, the cam
drive 170 may be free to rotate about the drive pin 170 (e.g., and the offset axis) at the free end
174 of the motor drive 136 and/or the motor gearing 134, which allows the cam drive 170 and
more specifically the opposing flat surfaces 178 of the cam drive 170 to generally maintain their
rotational position relative to the offset axis 175 as the cam drive 170 revolves around the body
axis 118. In doing so, the iop flat surface 178a and the bottom fop surface 178b remain
generally juxtaposed to the respective top and botiom walls 144a and 144b of the groove 144
while allowing the cam drive 176 to slide laterally (e.g., side to side such as transversely to the
head axis 128 and the body axis 118) within the groove 144.

[0054] More particularly, as the cam drive 170 continues {o revolve around the body axis 118
and along the displaced path (e.g., at the radial distance X from the body axis 118), it urges the
cam follower 124 generally veriically (e.g., up or down along the head axis 128) while sliding
laterally (e.g., left or right) within the groove 144 to substantially minimize or prevent lateral
movement of the cam follower 124 from head axis 128 (and/or prevent rotational movement of
the cam follower 124 about the body axis 118). Therefore, the cam drive 170 engages with the
cam follower 124 thus causing the tool housing to oscillate vertically in an up and down motion
{relative to the body axis 118) while rotating as well. The tool is connected to the cam follower
124, which then causes the tool to rotate as it is vertically oscillating in an up and down manner.
[0055] It is appreciated that a face width of the tool gearing 132 may include a length FW that
corresponds to the vertical distance (e.g., about two times the radial distance X) traveled by the
cam follower 124 during oscillation. This allows the tool gearing 132 to remain in engagement
with the motor gearing 134 during at least part of an oscillation cycle and preferably throughout
an entire oscillation cycle (e.g., maximum elevation of the fool to the minimum elevation of the
tool). More particularly, it is contemplated that the cam follower 124 may be moved (e.g.,
oscillated) an oscillation distance Y or stroke (e.g., about two times the radial distance X) that
defines a distance (e.g., vertical distance) between a maximum elevation of the cam follower
124 {e.g., tool housing and/or tool) as shown in FIGS 7-8 and 11A-11B to a minimum elevation
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of the cam follower 124 as shown in FIGS 8-10 and 12A-12B such that the tool gearing 132 may
include a face width having a length FW with a distance of at least about 1/16, preferably at
least about 1/8, and more preferably at least about ¥4 of the oscillation distance Y. Furthermore,
the face width may include a length FW having a distance less than about 5 times, preferably
less than 4 times, and more preferably less than about 3 times (e.g., about 2 times) of the
oscillation distance Y. For example, the face width of the tool gearing 132 may include a length
FW having a distance ranging from about 1/16 to about 5 times, preferably from about 1/8 to
about 4 times, and more preferably about % to about 3 times (e.g., about 2 times) of the
oscillation distance Y.

[0056] In an alternative embodiment of the multi-directional handpiece may include at least two
different drive shafts 136’ tc drive the axial displacement (vertical oscillation) and the rotation.
As shown in FIG 13A-13B, the multi-directional handpiece 110’ includes a first motor drive 136a’
for driving the rotation of the tool and a second motor drive 136b’ for driving the rotation of the
cam drive 170" thereby driving the oscillation of the tool. In this configuration the handpiece
110’ may further include a first motor (not shown) coupled to and for driving the first motor drive
136a’ and a second motor (not shown) coupled to and for driving the second motor drive 136b".
Optionally, the second motor drive 136k’ may further include a drive pin 176’ in communication
with the cam drive 170’ to allow for free rotation of the cam drive 170’ radially from the an offset
axis 175. In one specific example, the first motor is a small motor for rotation of the tool, which
would produce little or almost no torgue at slower speeds (e.g., around about 20-50/min (rpms))
and the second motar being a larger motor to drive the oscillation of the tool (along the head
axis) to produce larger force (e.g., torque). Desirably, this would enable an adjustment of the
speeds of these 2 different frequencies (dynamic adjustment or with presets upon the canal
type) and/or would allow a better monitoring of the rotational torque because each shaft is
dedicated to do only one task (e.g., rotation of the tool or oscillation of the tool).

[0057] The invention described herein has many other advantages. The endodontic instrument
may have a single continuous flow path, which eliminates potential leak paths. Inherent stress
concentrations may be reduced or substantially eliminated, thereby allowing the tip and/or the
distal end portions to be reliable during vibration. The configuration of the tip and/or the distal
end portions guide and transfer the ultrasonic vibration and energy in the planes of motion,
which provides proper agitation to the irrigants. The tip assembly can also be disposable,
thereby requiring that a new tip assembly be used for each patient and insuring that the tip
assembly will be sterile prior to use.

13
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[0058] Each feature disclosed in this specification (including any accompanying claims,
abstract, and drawings), may be replaced by alternative features having the same, equivalent or
similar purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise,
each feature disclosed is one example only of a generic seriss of equivalent or similar features.
[0059] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will be apparent to those
skilled in the art without departing from the invention. Other foreseen embodiments or uses for
the present invention include the use of the invention in the field of phacoemulsification, where a
tip assembly such as the present invention may offer many advantages. Accordingly, it is
intended that the invention be limited only by the scope of the appended claims.

14
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CLAIMS:
1. A multi-directional handpiece comprising:
(i) a fixed pin;

(i) a motor drive extending along and configured for rotation about a body axis, the

motor drive having:
a motor gearing at a proximal end of the motor drive; and
a tool drive extending along a head axis; the tool drive having:

a tool gearing in engagement with the motor gearing for transferring the rotational
movement of the motor drive about the body axis to the tool drive about the head

axis;

(iii) a follower member including a radial groove having opposing spaced apart walls,
the walls including a plurality of sections having a first section being displaced axially
relative to a second section along the head axis to define an offset path that is

dimensioned for receiving the fixed pin; and
(iv) a housing for a tool,

wherein the fixed pin extending from an internal surface of a head housing has a fixed
end and a free end generally extending in a transverse direction to the head axis; the free end

of the fixed pin extends into the radial groove of the follower member,

and wherein as the tool drive rotates, at least one wall of the radial groove is rotated
towards the fixed pin so that upon contact with the fixed pin, the follower member is axially
displaced generally along the head axis so that the tool moves in an oscillating motion while

being rotated.

2. The multi-directional handpiece of claim 1, wherein the tool is axially oscillated from 1

to 20 times for every revolution.

3. The multi-directional handpiece of claim 1, wherein the tool is axially oscillated from 1

to 10 times for every revolution.
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4. The multi-directional handpiece of claim 1, wherein the tool is axially oscillated at least

1 time for every revolution.

5. The multi-directional handpiece of claim 1, wherein the tool is axially oscillated at least

2 times for every revolution.

6. The multi-directional handpiece of claim 1, wherein the tool is axially oscillated less

than 10 times for every revolution.

7. The multi-directional handpiece of claim 1, wherein the tool is axially oscillated less
than 7 times for every revolution.

8. The multi-directional handpiece of claim 1, wherein the tool is rotated either clockwise,

counterclockwise or in reciprocation.

9. The multi-directional handpiece of claim 1, wherein the tool is a file.
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