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(54) Title: INSTRUMENTS AND METHODS USED WHEN REPAIRING A DEFECT ON A TISSUE SURFACE

(57) Abstract: An instrument (10) for determining the proper orientation
for repairing a defect site (12) on a tissue surface (14) generally comprises
a shaft (20), a plurality of probes (40) operatively coupled to the shaft
(20), and at least one indicator (50) operatively coupled to the plurality of
probes (40). The probes (40) are configured to extend beyond a first end of
the shaft (22) and are movable relative the shaft (20). The at least one indi-
cator (50) is configured to display the displacements of the probes (40) rel-
ative to the first end (22) so that the displacements of the probes (40) may
be compared. A method of using the instrument (10) when repairing a de-
- fect on a tissue surface (14) is also disclosed.
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INSTRUMENTS AND METHODS USED WHEN REPAIRING A DEFECT ON A TISSUE
SURFACE

Technical Field

(ooo1; This invention relates to medical devices and methods, and more particularly to medical
instruments and methods used when repairing defects on a tissue surface such as bone or
cartilage.

Background

00021 Medical implants are often delivered to anatomical sites within a patient's body to treat
focal defects. For example, damaged cartilage or bone within a patient's body may include a
cavity or void formed by trauma, disease, or surgery. The cavity or void may leave the bone
prone to further injury or damage, especially when the cavity or void is formed in a weight-
bearing joint such as the knee. To treat such a defect, the affected tissue may be drilled out or
otherwise prepared to receive an implant designed to promote tissue formation. The implant may
comprise healthy cartilage and/or bone cut from other locations on the patient's body, tissue(s)
harvested from a donor, and/or synthetic material(s) such as porous ceramics or metals,
biocompatible polymers, or combinations thereof.

[00e3] Preparing a defect to receive an implant can be a challenging task. Ideally, the defect
should be prepared to a size and shape corresponding to that of the implant. This includes not
only the dimensions of the prepared cavity, but also its orientation relative to the surrounding
tissue surface. For example, bone plugs and similar implants are often cut from bone at angles
substantially perpendicular to the surface of the bone. If such a bone plug is delivered into a
cavity drilled at an angle to the surrounding surface, the end of the bone plug may not properly
correspond to the surrounding surface. Portions of the bone plug may extend out of the cavity
(i-e., be "proud") so as to create an undesirable protrusion relative to the surrounding surface.
Alternatively or additionally, portions of the bone plug may be recessed relative to the
surrounding surface such that a defect in the bone remains.

poo4) Conventional techniques for properly orienting an instrument, such as a cutting tool,
relative to a tissue surface rely solely upon visual and/or tactile feedback. After placing the
cutting tool in contact with the tissue surface, a surgeon may simply change the angle of the
cutting tool until she believes it looks or feels perpendicular to the tissue surface. The surgeon

then attempts to maintain this orientation throughout the procedure. As can be appreciated, such
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techniques involve a great degree of approximation and may still result in cavities with
undesirable orientations. Moreover, oftentimes the surgeon cannot directly view the tissue
surface (e.g., because the procedure is performed arthroscopically). Attempting to properly orient
a cutting tool while looking through an arthroscope can be even more challenging due to the
magnification of the arthroscope.

[00os) As a result, various devices have been developed to facilitate preparing a defect to
receive an implant. For example, U.S. Patent No. 5,885,293 to McDevitt discloses a tool for
cutting bone surfaces at perpendicular angles. The tool includes a cylindrical bone cutter, a
cylindrical housing mounted on a handle of the bone cutter, a probe that slides within an inner
bore of the bone cutter and the housing, and a ring on the exterior of the housing connected to the
probe by a pin extending through the housing. The probe is biased to normally extend beyond the
end of the bone cutter. When the bone cutter is placed against a bone surface, the probe is
displaced into the inner bore. This displacement causes the ring to slide along the exterior of the
housing, which includes indicia so that the displacement of the probe may be viewed. A surgeon
manipulates the tool until maximum displacement is achieved, which, according to McDevitt,
which generally corresponds to perpendicular alignment.

[ooos]  Although McDevitt offers an alternative to conventional techniques for orienting a tool
relative to a bone surface, there remains room for improvement. The maximum displacement of a
single probe may not always provide a reliable indication of perpendicular alignment. This is
particularly true when using the tool disclosed in McDevitt to determine the proper orientation
for repairing a defect on a tissue surface. For example, because the probe is a cylindrical element
that slides along the center axis of the bone cutter, the probe is likely to contact the cavity
defining the defect when the bone cutter is brought into contact with the bone surface. The
maximum displacement of the probe found after manipulating the bone cutter may not
necessarily reflect perpendicular alignment due to the differences (e.g. irregularities) between the
defect and the profile of the surrounding surface.

00071 Accordingly, an improved instrument to determine the proper orientation for repairing a

defect on a tissue surface would be highly desirable.
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Summary
fooos; Medical instruments and methods used when repairing defects on a tissue surface are

described below. The instruments and methods are particularly suited to facilitate repairing
defects on irregular surfaces (e.g., multi-radii, articular, and similar surfaces), although the
instruments and methods may also be used in connection with other tissue surfaces. Additionally,
the instruments may serve a variety purposes. The instruments described below may be used, for
example, as an implant delivery device, punch, drill, guide tube, tamp, sleeve, obturator, cutting
device, or some combination thereof.

[0009) In one embodiment, an instrument for determining the proper orientation for repairing a
defect site on a tissue surface generally comprises a shaft, a plurality of probes operatively
coupled to the shaft, and at least one indicator operatively coupled to the plurality of probes. The
shaft includes a first end configured to contact the tissue surface and a second end opposite the
first end. Each of the probes is moveable relative to the shaft and configured to extend beyond
the first end. Because the indicator is configured to display the displacements of the probes
relative to the first end, the displacements of the probes may be compared. There may be a single
indicator or a plurality of indicators corresponding to the plurality of probes.

[oo10] In another embodiment, the instrument is provided as part of an assembly that further
includes a defect preparation tool. The shaft in such an embodiment may be a cannula defined by
an outer wall surrounding a central bore. The defect preparation tool, which may be inserted
through the central bore, is configured to prepare the defect site for receiving an implant.
Alternatively or additionally, the implant may be provided as part of the assembly. The implant is
configured to be received within the central bore of the shaft and is delivered to the defect site
through the central bore.

oo1; One method of using the type of instrument described above generally comprises
positioning the instrument proximate to a patient's body and contacting the tissue surface with
the first end of the shaft and the plurality of probes. The displacement of each probe relative to
the first end is transmitted to the at least one indicator. A user then determines the angle of the
shaft relative to the tissue surface based on displacement information displayed or otherwise
communicated by the at least one indicator. If necessary, the user adjusts the angle of the shaft

relative to the tissue surface until a desired orientation is achieved.
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(0012 When there is a plurality of indicators each configured to display the displacement
information of one of the probes, the angle of the shaft may be determined by viewing the
displacement information of each probe. After comparing the displacement information of at
least two of the probes, the angle of the shaft may be adjusted until the displacements of the at
least two probes are substantially equal.

f0013] In another embodiment, the method may further comprise subsfantially maintaining the
shaft at a desired angle (e.g., 90°) relative to the tissue surface. The shaft may be a cannula
defined by an outer wall surrounding a central bore. After inserting a defect preparation tool
through the central bore, the defect site on the tissue surface is prepared to receive an implant. To
this end, the defect preparation tool may be subsequently removed from the shaft so that the
implant may be inserted into the central bore and delivered to the defect site through the shaft.
Brief Description of the Drawings

0014  Fig. 1 is a perspective view showing one embodiment of an instrument for determining
the proper orientation for repairing a defect site on a tissue surface.

[oo1s]  Fig. 2 is top view of the instrument shown in Fig. 1.

joo16]  Fig. 3 is a cross-sectional view of a portion of an instrument according to an embodiment
in which the displacement of a probe is hydraulically communicated to an indicator.

o171 Fig. 3Ais a top view taken along line 3A-3 A showing a portion of the instrument of Fig.
3.

[0018]  Fig. 4 is a cross-sectional view similar to Fig. 3, but showing a portion of an instrument
according to an embodiment in which the displacement of a probe is mechanically
communicated to an indicator.

019 Fig. 4Ais a top view taken along line 4A-4A showing a portion of the instrument of Fig,
4.

[0o20) Fig. 5 is a cross-sectional view similar to Fig. 3, but showing a portion of an instrument
according to another embodiment in which the displacement of the probe is mechanically
communicated to the indicator.

[0oz11 Fig. 5A is a top view taken along line SA-5A showing a portion of the instrument of Fig.
5.
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w0221  Fig. 6 is a perspective view, partially in cross-section, showing an instrument according
to an embodiment in which the displacement of a probe is electrically communicated to an
indicator.

0231 Fig. 7 is a perspective view of a portion of an instrument according to another
embodiment in which the displacement of a probe is electrically communicated to an indicator.
l0024]  Figs. 8A-8F are schematic view sequentially illustrating a method of repairing a defect

site on a tissue surface using an instrument according to another embodiment.
Detailed Description

(002s5;  Fig. 1 shows one embodiment of an instrument 10 for determining the proper orientation
for repairing a defect site 12 on a tissue surface 14. The tissue surface 14 may be a bone surface,
a cartilage surface, a skin surface, a dental surface, or any other surface having a defect that
requires treatment. For example, the defect site 12 may be located in the articular cartilage
covering the condyles (not shown) at the distal end of the femur. In such situations, the
instrument 10 is particularly advantageous for establishing an angle substantially perpendicular
to the tissue surface 14, as will be described in greater detail below.

i00z6f The instrument 10 includes a shaft 20 having a first end 22 configured to contact the
tissue surface 14 and a second end 24 opposite the first end 22. In the illustrative embodiment
shown, the shaft 20 is a cannula defined by an outer wall 26 surrounding a central bore 28. The
first end 22, which may be beveled or flat, has a first diameter and the second end 24 has a
second diameter larger than the first diameter. As a result, the second end 24 defines a flange
portion 30. The flange portion 30 terminates in an upper surface 32 and the first end 22
terminates in a lower surface 34. Although the entire shaft 20 is shown as being transparent (for
reasons discussed below), in other embodiments the shaft 20 may only be transparent in select
areas or not transparent at all.

(00277 A plurality of probes 40 are operatively coupled to the shaft 20 and configured to extend
beyond the first end 22. For example, the probes 40 may be partially received in a plurality of
channels 42 extending into the outer wall 26 from the lower surface 34. The number of probes 40
and their spacing relative to each other may vary. Fig. 1 illustrates four of the probes 40 equally
spaced about the periphery of the shaft 20. Because the shaft 20 is substantially cylindrical, each
of the probes 40 are spaced approximately 90° apart from adjacent probes 40. In other

embodiments, the instrument 10 may only include two probes 40 spaced approximately 180°
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apart. Equally spacing an even number of probes 40 apart from each other has particular
advantages that will be described in greater detail below. However, in alternative embodiments,
an odd number of probes 40 may be spaced about the periphery of the shaft 20.

(0028)  The probes 40 are movable relative to the shaft 20, and the displacement of each probe 40
relative to the first end 22 is communicated to at least one indicator 50. Fig. 1 shows a plurality
of indicators 50 corresponding to the number of probes 40. However, those skilled in the art will
appreciate that the displacements of the probes 40 may alternatively be communicated to a single
indicator (not shown) or to a different number of indicators. Any type of indicator configured to
communicate the displacements of the probes 40 to a practitioner utilizing the instrument 10 may
be used.

(oo29]  For example, as shown in Fig. 2, the indicators 50 may each comprise a displacement
scale 52 provided on the upper surface 32. Each displacement scale 52 is marked with indicia 54
corresponding to the distance of the distal end of one of the probes 40 (Fig. 1) relative to the first
end 22. A marking element 56 moves along the indicia 54 when the associated probe 40 moves
relative to the first end 22. The transparency of the shaft 20, and the upper surface 32 in
particular, allows a practitioner to view the displacement information. The portions of the upper
surface above the marking elements 56 may be the only transparent portions of the shaft 20 in
some embodiments. Additionally, rather than providing visual indication of the displacements,
the indicators 50 may alternatively be configured to provide tactile and/or audible feedback to
communicate the displacements to a practitioner. The manner in which the displacements are
transmitted to the indicators 50 may vary. Several representative examples are described below,
with like reference numbers being used to refer to like structure throughout the various
embodiments.

(oo3o]  First, Fig. 3 is a cross-section of a portion of the shaft 20 illustrating a probe 58 and
channel 60 in further detail. The probe 58 in this embodiment is operatively coupled to the
indicator 50 (Fig. 3A) by fluid 62 (e.g., liquid and/or gas) within the channel 60 so that the
displacement of the probe 58 is hydraulically and/or pneumatically communicated to the
indicator 50. More specifically, the channel 60 extends upward from the first end 22 before
curving outwardly toward the periphery of the shaft 20 within the flange portion 30. An upper
portion 64 of the channel 60 may be visible through the upper surface 32.
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0031  The fluid 62 is maintained within the channel 60 by first and second plunger elements 66,
68 that seal, engage, and move within the channel 60. The first plunger element 66 is positioned
proximate to the first end 22 and coupled to the probe 58. As a result, the probe 58 displaces the
first plunger element 66 within the channel 60 when moving relative to the first end 22. The fluid
62 within the channel 60 communicates this displacement to the second plunger element 68,
which is positioned in the upper portion 64 of the channel 60. As shown in Fig. 3A, the second
plunger element 68 may be provided with a scribe 70 that can be seen from the upper surface 32
so as to serve as the marking element 56 (Fig. 2) of the indicator 50. The second plunger element
68 moves the scribe 70 along the displacement scale 52 in response to changes in fluid pressure
and displacement created by the movement of the first plunger element 66 within the channel 60.
100321 With reference to Fig. 4, the displacement of a probe 80 may instead be mechanically
communicated to the indicator 50. Such an embodiment may still include a channel 82 extending
from the first end 22 of the shaft 20 and curving into the flange portion 30. The channel 82 may
also include an upper portion 84 visible through the upper surface 32. However, the probe 80
may comprise an elongated element occupying a substantial portion of the channel 82. The probe
80 has a tip portion 88 configured to contact the tissue surface 14 and an end portion 90
extending into the upper portion 84 of the channel 82.

(0033)  The tip portion 88, end portion 90, and a middle portion 92 therebetween may comprise
the same or different materials. In one embodiment, the tip portion 88 comprises a first material
and the middle portion 92 and/or end portion 90 comprises a second material that is less rigid
than the first material. For example, the first material may be steel or titanium and the second
material may be nitinol. It will be appreciated that the first material is selected to provide the tip
portion 88 with sufficient rigidity so as to be effectively displaced within the channel 82 upon
contact with the tissue surface 14. The second material is selected to provide the middle portion
92 and/or end portion 90 with sufficient flexibility to translate through the channel 82 despite its
curvature. Advantageously, the end portion 90 and middle portion 92 are captured within the
channel 82 to prevent separation of the probe 80 from the shaft 20 and to prevent interference
with the movement of the probe 80.

10034)  The end portion 90 of the probe 80 is configured to communicate the displacement of the
tip portion 88 to the indicator 50. More specifically, the end portion 90 may include a plunger
element 96 configured to slide within the upper portion 84 of the channel 82. Although Fig. 4A
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illustrates the plunger element 96 including a scribe 98 that serves as the marking element 56
(Fig. 2), the scribe 98 may alternatively be provided on a contiguous segment of the probe 80 so
as to eliminate the need for the plunger element 96. A spring 100 biases the end portion 90 within
the channel 82 so that the tip portion 88 normally extends an initial distance beyond the first end
22. When the tip portion 88 is displaced into the channel 82, the probe 80 moves relative to the
shaft 20 and causes the scribe 98 to move along the displacement scale 52.

(0o3s)  Fig. 5 illustrates an alternative embodiment in which the displacement of a probe 110
relative to the first end 22 is amplified as it is mechanically communicated to the indicator 50. In
the embodiment shown, the amplification is accomplished by providing a lever 112 within a
shaft 114. The lever 112 is coupled to the shaft 114 at a pivotal connection 116 above a first
channel 118, which extends upwardly from the lower surface 34 in a generally vertical direction.
The probe 110 is a first elongated element configured to slide within the first channel 118. When
the probe 110 contacts the lever 112, the lever 112 is rotated about the pivotal connection 116.
(0o36)  The shaft 114 further includes a second channel 122 that extends through a flange portion
124 in a generally horizontal direction. The second channel 122 may be visible through an upper
surface 126, much like the upper portions 64 (Fig. 3) and 84 (Fig. 4), and the indicator 50 may
once again be a displacement scale 52 provided on the upper surface 126. A second elongated
element 130 is received in the second channel 122 and may be biased toward the first channel
118 by a spring 132. The second elongated element 130 contacts the lever 112 on an opposite
side and spaced apart from the probe 110. Thus, when the probe 110 is displaced within the first
channel 118 to rotate the lever 112, the lever 112 will displace the second elongated element 130
outwardly toward the periphery of the shaft 114. The displacement of the second elongated
element 130 relative to that of the probe 110 will depend upon the mechanical advantage
provided by the lever 112. This displacement may be viewed and analyzed by providing a scribe
136 (Fig. 5A) on the second elongated element 130 that moves along the displacement scale 52.
As with the previous embodiment, the components associated with the probe 110 (e.g., the lever
112, the second elongated element 130) and portions of the probe 110 itself are captured within
the shaft 114 to prevent separation from the shaft 114 and interference with their operation.

[00377  Fig. 6 illustrates an embodiment in which the displacements of probes 150 relative to a
first end 152 of a shaft 156 are electrically communicated to indicators 154. In this embodiment,

each probe 150 is received in a corresponding first channel 158 defined in a wall 160 of the shaft
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156. Each first channel 158 extends upwardly from the first end 152 in a generally vertical
direction. Again, the first end 152 may be beveled to facilitate displacement of the probes 150
within the first channels 158 when the shaft 156 is brought into contact with the tissue surface
14,

(0038) The probes 150 may be any type of sensor configured to generate a signal corresponding
to displacement. For example, each probe 150 may comprise a linear variable differential
transformer (LVDT) that converts linear motion into corresponding electrical signals.
Alternatively, each probe 150 may include a strain gauge or similar sensor that varies a property
associated with an electrical signal (e.g., resistance) in proportion to the deformation and/or load
experienced by the probe 150. In still other embodiments, a series of magnets (not shown) may
be associated with each probe 150. The magnets generate a series of pulses when the probes 150
are displaced, and these pulses are associated with the corresponding displacements by a linear
encoder.

(0039] Wires 164 coupled to the probes 150 communicate the electrical signals to a signal
processor 166, which is schematically shown in Fig. 6. There may be a single signal processor
166 for all of the probes 150 or a plurality of signal processors 166 corresponding to the number
of probes 150. Additionally, the signal processor 166 may be located in any suitable location,
including within the wall 160 of the shaft 156, on the exterior of the shaft 156, or at a location
remote from the shaft 156. For example, the instrument 10 may further include a transmitter and
receiver (not shown) for wirelessly sending signals to and receiving signals from the signal
processor 166.

(o401 The signal processor 166 in Fig. 6 is coupled to the indicators 154 by wires 170. After
processing the signals received from the probes 150, the signal processor 166 generates
displacement signals to operate the indicators 154. As mentioned above, any type of indicator
configured to communicate the displacements of the probes 150 to a practitioner utilizing the
instrument 10 may be used. Thus, it will be appreciated that the indicators 154 need not be
positioned on the shaft 156 such that wires 170 are not required. For example, in a manner not
shown herein, the indicators 154 may be located on a video monitor (not shown) viewed by the
practitioner. The instrument 10 in such an embodiment may further include a transmitter to send
electrical signals from the probes 150 to a receiver and/or processor associated with the video

monitor. To this end, the indicators 154 may be operatively coupled (i.e., linked) to the probes
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150 through wireless communication signals. Such an arrangement provides the practitioner with
a “heads up” display.

[oo411 Referring back to Fig. 6, the indicators 154 in the embodiment shown each comprise a
displacement scale 172 provided on the upper surface 32 and an electrically actuated marking
element 174 moveable along the displacement scale 172. The displacement signals sent by the
signal processor 166 control the displacement of the electrically actuated marking elements 174.
Thus, the position of the electrically actuated marking elements 174 along the displacement
scales 172 generally indicate the displacement of the probes 150 relative to the first end 152 of
the shaft 156. Although the electrically actuated marking elements 174 are each shown as a
plunger element that serves the same function as the plunger element 96 (Fig. 4), any element
capable of moving along the displacement scale 172 in response to electrical signals may be
used.

j0042] In other embodiments, a moveable marking element is not required to communicate the
displacements of the probes 150 to a practitioner. For example, Fig. 7 shows a plurality of
indicators 184 each comprising a row of light sources 186, such as LED's, provided on the upper
surface 32 of the shaft 156. Each row of light sources 186 is aligned above one of the probes 150
(Fig. 6), and each light source 186 represents a particular displacement of the associated probe
150 relative to the first end 152. The light sources 186 are electrically coupled to the signal
processor 166 by wires 188 and operated in response to the displacement signals generated by
the signal processor 166. Thus, as the probes 150 are moved in and out of the channels 158,
different ones of the light sources 186 are operated (i.e., lit up) to visually communicate the
displacements to a practitioner.

(00431 Although several representative embodiments are described above, those skilled in the art
will appreciate that the displacement of the probes 40 (Fig. 1) relative to the first end 22 of the
shaft 20, and/or the distance of the first end 22 relative to a tissue surface, may be communicated
to the indicators 50 using other technologies and techniques. For example, the instrument 10 may
further include laser measurement sensors (not shown) that communicate information of the
probes 40 and/or first end 22 to the indicators 50. In other embodiments, the displacement of
each probe 40 may be sonically or pneumatically communicated to the indicators 50. To this end,
the instrument 10 may include sonic transmitters and receivers (not shown) disposed about the

shaft 20 for measuring the relative distance between the first end 22 and a tissue surface. A
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combination of these arrangements may also be used in any particular embodiment. For example,
the displacement of one probe 40 may be mechanically communicated to an indicator 50 while
the displacement of another probe 40 may be electrically communicated to a different indicator
50. Alternatively, each probe 40 and channel 42 may be configured to operate as a hydraulic
cylinder, and the instrument 10 may further include a pressure sensor (not shown) associated
with the probe 40. Signals generated by the pressure sensor in response to displacement of the
probe 40 are transmitted to the indicators 50 using a signal processor. Thus, in such an
embodiment, each probe 40 incorporates aspects of the hydraulic and electrical communication
discussed above with respect to the embodiments of Figs. 3, 6, and 7.

[0o4q)  With reference to Figs. 8A-8F, a method of repairing a defect site 200 on a tissue surface
202 will now be described. The method involves using an instrument 204 similar to the
instrument 10. However, to simplify matters, Figs. 8A-8F do not illustrate the probes 40 and
indicators 50 (Fig. 2) in detail. These elements are instead shown schematically in Figs. 8A-8F
because reference can be made to the description above for a more complete understanding of
their operation. Indeed, those skilled in the art will appreciate that that the instrument 204 shown
in Figs. 8A-8F may incorporate any of the features described above.

[0045] The method begins by first positioning the instrument 204 proximate the patient's body. If
the tissue surface 202 is subcutaneous, an incision (not shown) is made in the patient's skin to
gain access to the defect site 200. The incision may be relatively small if the method is
performed arthroscopically, or larger if the method is performed using mini-arthrotomy or open
surgical techniques. An obturator (not shown) may be placed within the central bore 28 (Fig. 8C)
to facilitate inserting the instrument 204 through the patient's skin regardless of which surgical
technique is used. Prior to contact with the tissue surface 202, the probes 40 extend an initial
distance beyond the first end 206 of the shaft 20. For example, the probes 40 may extend
approximately 4 mm beyond the first end 206. Those skilled in the art will appreciate that this
initial distance may vary among the probes 40, and may be set depending on the expected
profile/geometry of the tissue surface 202. As shown in Fig. 8A, the instrument 204 is then
moved toward the defect site 200, which may be a cavity or other irregularity on the tissue
surface 202. The instrument 204 may be moved toward the defect site 200 at any angle because a

desired orientation can later be established.
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o45] Fig. 8A illustrates the shaft 20 being substantially aligned along an axis 210 when the
first end 206 is brought into contact with the tissue surface 202. The desired orientation for
preparing the defect site 200 may be along a desired axis 212, which may be substantially
perpendicular to a plane 214 tangent to the tissue surface 202 at the defect site 200, especially
when the tissue surface 202 has a relatively large degree of curvature. Thus, the angle of the shaft
20 relative to the tissue surface 202 is then analyzed to determine if a change in orientation is
required. This determination is made based upon displacement information communicated by the
indicators 50.

[00471 More specifically, when the first end 206 of the shaft 20 contacts the tissue surface 202,
one or more of the probes 40 will also contact the tissue surface 202 and be displaced into the
associated channel 42 (Fig. 8C). Arthroscopic or visual examination of the probes 40 may be
performed after the instrument 204 is inserted into the patient's body to confirm that the probes
40 have unobstructed access to the tissue surface 202 surrounding the defect site 200. Unless the
axis 210 is substantially aligned along the desired axis 212 after the shaft 20 contacts the tissue
surface 202, the probes 40 will have different displacements relative to the first end 206. This
displacement information is transmitted to the indicators 50 using any of the techniques
described above. The indicators 50, in turn, communicate the displacement information to the
practitioner. For example, the indicators 50 may display the displacement information using the
displacement scales 52 (Fig. 2) or light sources 186 (Fig. 6).

0048y As shown in Figs. 8A and 8B, the practitioner may adjust the angle of the shaft 20
relative to the tissue surface 202. Moving the shaft 20 in such a manner will change the
displacements of the probes 40 relative to the first end 206. When the axis 210 is substantially
aligned with the desired axis 212, the displacements of the probes 40 may be approximately
equal. This is because on articular cartilage or the like, the surface profile of the tissue surface
202 may approximate that of a sphere in the localized area around the defect site 200. However,
to approximate alignment with the desired axis 212 even more accurately, each of the probes 40
may be spaced approximately 180° apart from another one of the probes 40. Such an
arrangement enables the practitioner to compare the displacements between opposite probes 40
in the same plane to determine whether the angle of the shaft 20 relative to the tissue surface 202

should be adjusted in that particular plane.
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[0049] Increasing the number of probes 40 spaced about the shaft 20 enables the practitioner to
take into account a greater number of planes when making adjustments. In general, the greater
number of planes (and, hence, probes 40) in which displacement is compared, the more
effectively the surface profile of the tissue surface 202 is taken into account. Additionally,
increasing the number of probes 40 produces a more reliable (i.e., repeatable) indication of
perpendicularity. For example, when the surface profile of the tissue surface 202 is more
effectively taken into account, the shaft 20 is more likely to have the same orientation when
moved to the desired axis 212 (using the procedure described above) regardless of any rotation
about the desired axis 212. When only discreet or localized information about the tissue surface
202 is provided, reliable/repeatable indications are more difficult to obtain.

[00s)y ~After making adjustments to properly orient the instrument 204, the practitioner
maintains the shaft 20 at substantially the desired angle relative to the tissue surface 202. This
may be accomplished manually by hand while monitoring the indicators 50 as necessary. An
external support or fixation system (not shown) may also be provided to secure the instrument in
the desired position once it is determined (e.g., similar to stereotactic procedures). As shown in
Figs. 8C and 8D, a defect preparation tool 230 may then be inserted through the central bore 28
and toward the defect site 200. Although the defect preparation tool 230 is shown as a drill, any
other device configured to prepare a defect to receive an implant 240 (Fig. 8E) may be used.
Other examples of suitable defect preparation tools include, without limitation: punches, curettes,
reamers, and picks.

100511 The defect preparation tool 230 is configured to prepare the defect site 200 to a desired
size, shape, and/or depth for receiving the implant 240. For example, the defect preparation tool
230 may form a cavity 232 having a size and shape generally corresponding to the implant 240.
After preparing the defect site 200, the defect preparation tool 230 may be removed from the
central bore 28. The central bore 28 may then serve as a conduit for the removal of any debris.
Additionally, as shown in Fig. 8E, the implant 240 may be inserted into the central bore 28 and
delivered to the defect site 200 through the shaft 20. The implant 240 is pushed through the shaft
20 using a driving tool 244.

[00s21 Again, throughout the procedure, the shaft 20 may be maintained at a desired angle
relative to the tissue surface 202 by monitoring the displacement information displayed by the

indicators 50. The implant 240 is advantageously delivered along the same axis along which the
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defect preparation tool 230 was aligned when forming the cavity 232. Such a procedure
facilitates delivering the implant 240 so that the implant 240 may be fully seated within the
cavity 232.

(00s3;  As shown in Fig. 8F, the driving tool 244 and instrument 204 are eventually moved away
from the tissue surface 202 when the procedure is complete. Because the cavity 232 was
prepared at an angle substantially perpendicular to a tangent of the tissue surface 202 at the
defect site 200, a top surface 242 of the implant 240 may be substantially flush with the tissue
surface 202 when fully seated within the cavity 232. Such an arrangement facilitates integration
of the implant 240 to effectively treat the defect site 202. In particular, the implant 240
effectively occupies the defect site 200 so that there remains no substantial cavities or
depressions relative to the surrounding tissue surface 202. Additionally, the absence of implant
portions abruptly extending above the tissue surface 202 reduces or climinates the risk of
displacement or premature wear on the implant 240.

[00s4) As a variation of the method described above, the instrument 204 or an additional
harvesting instrument (not shown) that operates upon the same principles may be used to locate a
similarly-shaped tissue surface after "mapping" the curvature of the tissue surface 202 and
preparing the defect site 200. For example, after the instrument 204 is aligned with the desired
axis 212, the displacement information is recorded, stored, committed to memory, or otherwise
retained by the practitioner. The practitioner then attempts to match this displacement
information when using the instrument 204 or harvesting instrument to select a remote tissue
surface from which to harvest the implant 240. The remote tissue surface may be on the patient
or a donor. Once a similarly-shaped remote tissue surface is located, the instrument 204 or
harvesting instrument is used to cut or extract the implant 240 from the remote tissue surface. To
this end, the instrument 204 or harvesting instrument may include a blade associated with its
shaft 20. Alternatively, a separate cutting device or similar tool for extracting the implant 240
from the remote tissue surface may be inserted through the central bore 28.

00ss) The implant 240 is eventually delivered to the cavity 232 at the defect site 200 in the
manner described above. Because the implant 240 was harvested from a remote tissue surface
having the same or similar profile as the tissue surface 202, the top surface 242 of the implant

240 is more likely to approximate the natural curvature of the tissue surface 202.
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[00se)  While several embodiments are described above in considerable detail, the inventors do
not intend to restrict or in any way limit the scope of the appended claims to such detail.
Additional advantages and modifications will readily appear to those skilled in the art. For
example, although the probes 40 described above move within the channels 42 formed in the
shaft 20, the probes 40 may alternatively be located within tubes (not shown) provided on the
exterior or interior of the shaft 20. Furthermore, those skilled in the art will appreciate that two or
more of the components discussed above may be provided as part of assembly. For example, the
assembly may include both the instrument 10 and the defect preparation tool 230. Alternatively
or additionally, the assembly may include both the instrument 10 and the implant 240. The defect
preparation tool 230 and/or implant 240 may be designed to effectively cooperate with the
central bore 28 of the shaft 20 when provided as part of an assembly.

005771 The invention in its broader aspects is thus not limited to the specific details,
representative apparatus and methods, and illustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the scope or

spirit of the general inventive concept.
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[0os8; What is claimed is:

1. An instrument for determining the proper orientation for repairing a defect site on a

tissue surface, comprising:

a shaft having a first end configured to contact the tissue surface and a second end

opposite the first end;

a plurality of probes operatively coupled to the shaft, each probe being movable relative to
the shaft and configured to extend beyond the first end; and

at least one indicator operatively coupled to the plurality of probes, the at least one
indicator being configured to display the displacements of the probes relative to the first end so
that the displacements of the probes may be compared.
2. The instrument of claim 1 wherein the probes are substantially equally spaced about a
periphery of the shaft.
3. The instrument of claim 1 wherein at least a portion of the shaft is substantially
cylindrical and each probe is spaced approximately 180 degrees apart from another one of the
probes.
4, The instrument of claim 3, wherein the plurality of probes includes first, second, third,
and fourth probes spaced at 90 degree angles about the periphery of the shaft, and wherein the at
least one indicator comprises first, second, third, and fourth indicators operatively coupled to
first, second, third, and fourth probes, respectively.
5. The instrument of claim 1 wherein the at least one indicator comprises a plurality of
indicators each configured to display to the displacement of a corresponding one of the probes.
6. The instrument of claim 5 wherein the shaft is a cannula defined by an outer wall
surrounding a central bore, the shaft further including a plurality of channels defined in the outer
wall for receiving the plurality of probes.
7. The instrument of claim 6 wherein the first end of the shaft has a first outer diameter and
the second end has a second outer diameter greater than the first outer diameter so as to define a
flange portion at the second end, the flange portion terminating in an upper surface, the plurality
of channels each extending into the flange portion and including an upper portion visible through
the upper surface, and each indicator comprising a displacement scale provided on the upper

surface proximate the upper portion of one of the channels.



WO 2009/114524 PCT/US2009/036661

-17 -
8. The instrument of claim 6 wherein the outer wall is beveled at the first end.
9. The instrument of claim 1 wherein the tissue surface comprises at least one of the

following: a bone surface, a cartilage surface, a skin surface, or a dental surface.
10.  The instrument of claim 1, further comprising:

a plurality of fluid channels operatively coupling the plurality of probes to the at least one
indicator;

wherein the displacements of the probes are hydraulically communicated to the at least
one indicator by the fluid channels.
11.  The instrument of claim 10 wherein each probe comprises a plunger element that seals,
engages, and moves within one of the fluid channels.
12.  The instrument of claim 10 wherein the at least one indicator comprises a plurality of
indicators each configured to display the displacement of one of the probes.
13.  The instrument of claim 1 wherein the displacement of each probe relative to the first end
is mechanically communicated to the at least one indicator.
14.  The instrument of claim 13, the shaft including a plurality of channels corresponding to
the plurality of probes, each channel including an upper portion visible through an outer surface
of the shaft, the at least one indicator comprising a plurality of indicators each including a
displacement scale provided on the shaft proximate to one of the upper portions, and the probes
each comprising an elongated element received in the corresponding channel and having a tip
portion configured to contact the tissue surface and an end portion opposite the tip portion,
wherein the end portion communicates the displacement of the tip portion to the corresponding
displacement scale.
15.  The instrument of claim 14 wherein the end portion of each elongated element includes a
scribe configured to move along the corresponding displacement scale when the associated tip
portion moves relative to the shaft.
16.  The instrument of claim 14 wherein at least a first portion of each elongated element
comprises a first material and at least a second portion of each elongated element comprises a
second material, the second material being less rigid than the first material.
17. The instrument of claim 13, further comprising:

a plurality of levers configured to communicate the displacements of the plurality of

probes to the at least one indicator, each lever further configured to amplify the displacements
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communicated to the at least one indicator.

18.  The instrument of claim 1 wherein the displacement of each probe relative to the first end
is electrically communicated to the at least one indicator,

19, The instrument of claim 18 wherein the at least one indicator is located remote from the
shaft and operatively coupled to the plurality probes by wireless communication signals.

20.  The instrument of claim 18 wherein each probe comprises a linear variable differential
transformer.

21.  The instrument of claim 20 wherein the at least one indicator comprises a plurality of
indicators corresponding to the plurality of probes, each indicator including a displacement scale
provided on the shaft and an electrically actuated marking element movable along the
displacement scale, the instrument further comprising:

a signal processor electrically coupled to the plurality of probes and the plurality of
indicators, the signal processor configured to operate the plurality of indicators in response to
signals received from the plurality of probes.

22.  The instrument of claim 20 wherein the at least one indicator comprises a plurality of
indicators corresponding to the plurality of probes and each including at least one light source,
the instrument further comprising:

a signal processor electrically coupled to the plurality of probes and the plurality of
indicators, the signal processor configured to operate the light sources in response to signals
received from the plurality of probes.

23.  The instrument of claim 1, further comprising:

a laser measurement sensor that communicates the displacement of each probe relative to
the first end of the shaft when the first end is in contact with the tissue surface.

24.  The instrument of claim 1 wherein the displacement of each probe relative to the first end
is sonically communicated to the at least one indicator.

25.  The instrument of claim 1 wherein the displacement of each probe relative to the first end
is pneumatically communicated to the at least one indicator.

26.  Aninstrument for repairing a defect site on a tissue surface, comprising:

a shaft having a first end configured to contact the tissue surface and a second end
opposite the first end;

a plurality of probes associated with the shaft and each extending an initial distance
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beyond the first end, each probe being configured to move relative to the shaft so as to be
displaced when the first end contacts the tissue surface; and

a plurality of indicators corresponding to the plurality of probes, each indicator being
configured to display information related to the displacement of a corresponding one of the
probes when the first end of the shaft contacts the tissue surface.
27.  The instrument of claim 26 wherein at least a portion of the shaft is substantially
cylindrical and each probe is spaced approximately 180 degrees apart from another one of the
probes.
28.  Anassembly for repairing a defect site on a tissue surface, comprising;

a positioning instrument, comprising;

a shaft having a first end configured to contact the surface of the tissue and a
second end opposite the first end, wherein the shaft is a cannula defined by an outer wall
surrounding a central bore;

a plurality of probes operatively coupled to the shaft, each probe being movable
relative to the shaft and configured to extend beyond the first end; and

at least one indicator operatively coupled to the plurality of probes, the at least one
indicator being configured to display the displacements of the probes relative to the first end so
that the displacements of the probes may be compared; and

a defect preparation tool configured for displacement in the central bore of the shaft and
configured to prepare the defect site for receiving an implant.
29.  The assembly of claim 28 wherein the defect preparation tool is configured to extend
through the central bore of the shaft.
30.  The assembly of claim 28 wherein the defect preparation tool comprises at least one of the
following: a drill, a punch, a curette, a reamer, or a pick.
31.  The assembly of claim 28 wherein the shaft is transparent to allow visualization of the
defect site and implant.
32.  The assembly of claim 28 wherein the at least one indicator comprises a plurality of
indicators each configured to display to the displacement of a corresponding one of the probes.
33.  The assembly of claim 28 wherein the shaft further includes a plurality of channels
defined in the outer wall for receiving the plurality of probes.

34.  The assembly of claim 28 wherein the probes are substantially equally spaced about a
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periphery of the shaft.
35.  The assembly of claim 28, further comprising:
an implant configured to be received within the central bore of the shaft and delivered to
the defect site through the central bore.
36.  Anassembly for repairing a defect site on a tissue surface, comprising:
a positioning instrument, comprising:

a shaft having a first end configured to contact the surface of the tissue and a
second end opposite the first end, wherein the shaft is a cannula defined by an outer wall
surrounding a central bore;

a plurality of probes operatively coupled to the shaft, each probe being movable
relative to the shaft and configured to extend beyond the first end; and

at least one indicator operatively coupled to the plurality of probes, the at least one
indicator being configured to display the displacements of the probes relative to the first end so
that the displacements of the probes may be compared; and

an implant configured to be received within the central bore of the. shaft and delivered to
the defect site through the central bore.
37.  The assembly of claim 36 wherein the shaft further includes a plurality of channels
defined in the outer wall for receiving the plurality of probes.
38. A method of repairing a defect site on a tissue surfdce, comprising:

positioning a positioning instrument proximate to a patient's body, the positioning
instrument having a shaft with a first end, a plurality of probes operatively coupled to the shaft
and configured to extend beyond the first end, and at least one indicator operatively coupled to
the plurality of probes;

contacting the tissue surface with the first end of the shaft and the plurality of probes, the
displacement of each probe relative to the first end being transmitted to the at least one indicator;

determining the angle of the shaft relative to the tissue surface based on displacement
information communicated by the at least one indicator.
39.  The method of claim 38 wherein the tissue surface comprises at least one of the following:
a bone surface, a cartilage surface, a skin surface, or a dental surface.
40.  The method of claim 38, further comprising:

adjusting the angle of the shaft relative to the tissue surface.
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41.  The method of claim 40 wherein the at least one indicator audibly communicates the
displacement information, and wherein adjusting the angle of the shaft relative to the tissue
surface further comprises:
monitoring audio communications from the at least one indicator.
42,  The method of claim 40 wherein the at least one indicator is configured to provide tactile
feedback to communicate the displacement information, and wherein adjusting the angle of the
shaft relative to the tissue surface further comprises:
sensing tactile feedback from the at least one indicator.
43.  The method of claim 40 wherein the at least one indicator comprising a plurality of
indicators, and wherein the displacement of each probe is transmitted to a corresponding one of
the indicators,
44.  The method of claim 43 wherein the plurality of indicators display the displacement
information, and wherein determining the angle of the shaft relative to the tissue surface further
COmPTriSes:
viewing the displacement information displayed by the plurality of indicators.
45.  The method of claim 44 wherein adjusting the angle of the shaft relative to the tissue
surface further comprises:
comparing the displacement information of at least two of the probes;
adjusting the angle of the positioning instrument relative to the tissue surface until the
displacements of the at least two probes are substantially equal.
46.  The method of claim 44 wherein viewing the displacement information displayed by the
plurality of indicators comprises:
viewing a plurality of displacement scales associated with the plurality of indicators.
47.  The method of claim 44 wherein viewing the displacement information displayed by the
plurality of indicators further comprises:
viewing one or more light sources associated with each indicator, the light sources being
operated by a signal processor in response to signals received from the plurality of probes.
48.  The method of claim 38, the shaft being a cannula defined by an outer wall surrounding a
central bore, the method further comprising:
substantially maintaining the shaft at a desired angle relative to the tissue surface;

inserting a defect preparation tool through the central bore; and
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preparing the defect site to receive an implant.
49.  The method of claim 48 wherein the defect preparation tool is a drill, and wherein
preparing the defect site comprises:

drilling into the tissue surface to form a cavity.
50.  The method of claim 48 wherein the defect preparation tool is a punch, and wherein
preparing the defect site comprises:

punching into the tissue surface to form a cavity.
51.  The method of claim 50, further comprising:

drilling into the tissue surface to further form the cavity into a desired shape.
52.  The method of claim 48, further comprising:

removing the defect preparation tool from the central bore of the shaft; inserting an
implant through the central bore; and

delivering the implant to the defect site through the shaft while maintaining the shaft at
the desired angle relative to the tissue surface.
53.  The method of claim 48 wherein substantially maintaining the shaft at a desired angle
relative to the tissue surface comprises:

maintaining the shaft substantially perpendicular to the tissue surface at the defect site.
54.  The method of claim 38 wherein the displacement of each probe is mechanically
transmitted to the at least one indicator,
55.  The method of claim 38 wherein the displacement of each probe is hydraulically
transmitted to the at least one indicator.
56. The method of claim 38 wherein the displacement of each probe is electrically transmitted
to the at least one indicator.
57.  The method of claim 38 wherein the displacement of each probe is communicated to the at
least one indicator by a laser measurement sensor.
58.  The method of claim 38 wherein the displacement of each probe is sonically transmitted to

the at least one indicator.
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