6/059120 A1 I} 10 O 000 D 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f 11”11

International Bureau

(43) International Publication Date
8 June 2006 (08.06.2006)

52 IO O 0O OO

(10) International Publication Number

WO 2006/059120 Al

(51) International Patent Classification:
AG61B 17/32 (2006.01) AG6IB 17/14 (2006.01)
A61B 17/16 (2006.01)

(21) International Application Number:
PCT/GB2005/004618

(22) International Filing Date:
2 December 2005 (02.12.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

0426503.9 2 December 2004 (02.12.2004) GB

(71) Applicant (for all designated States except US): OR-
THOSONICS LIMITED [GB/GB]; Bremridge House,
Bremridge, Ashburton, South Devon TQ13 7JX (GB).

(72) Inventor; and

(75) Inventor/Applicant (for US only): YOUNG, Michael,
John, Radley [GB/GB]; Bremridge House, Bremridge,
Ashburton, South Devon TQ13 7JX (GB).

(74) Agent: GREGORY, Timothy, Mark; 26 Cyril Street,
Northampton NN1 5EL (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: IMPROVED OSTEOTOME

(57) Abstract: A tool (1, 31) for cutting bone comprises an elongate blade (7, 37) connectable to a generator of longitudinal-mode
&= ultrasonic vibrations. The blade (7, 37) has two lateral cutting edges (9, 10) linked by a rounded distal tip (8). A series of triangular
& teeth (13) extends along each cutting edge (9, 10) and the distal tip (8). The blade (37) may taper towards each cutting edge (9,10)
and the distal tip (8). A variant of the tool (21) comprises an elongate part-cylindrical blade (27) connectable to a generator of
torsional-mode ultrasonic vibrations. The blade (27) has a cutting edge at its distal tip (28) provided with a plurality of triangular
teeth (23). All forms of the tool (1, 21, 31) are particularly suitable for cutting cancellous bone around an implant to be removed

during revision of a joint arthroplasty.



WO 2006/059120 PCT/GB2005/004618

IMPROVED OSTEOTOME

The present invention relates to a tool for cutting into or through bone, for example during
orthopaedic surgery. More particularly, but not exclusively, it relates to a tool for cutting
through cortical or cancellous bone, for example to separate a joint prosthesis from

surrounding bone as part of a revision procedure.

A frequently required procedure in orthopaedic surgery is revision of a joint arthroplasty, for
example revision of .a hip joint replacement, should an implanted prosthesis break or wear
unacceptably over its articulating surface. The invention will be described in relation to its
use in hip joint revision, but is equally applicable to other joints and the terms “hip”, “pelvis”
and “femur” may be replaced as necessary. In many cases, an implanted prosthesis is
secured in a cavity within a bone, such as a femur, using polymeric organic cement such as
polymethylmethacylate. Tools have been devised to soften and remove this cement and to

allow convenient removal of a worn or damaged prosthesis, followed by implantation of a

replacement.
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However, there has been a recent increase in the use of press-fit prostheses. No cement is
used to hold these in place within the femur, pelvis, etc. Instead, the implanted portions of
the prostheses have porous surfaces or surfaces coated with hydroxy-apatite, which
éncourage ingrowth of bone, leading to stable, well-anchorea implants. This formation of
cancellous bone may also occasionally occur with cement-anchored implants. While not as
strong as the structural bone of the wall of the femur, the pelvis or other bone, cancellous
bone is not easily susceptible to cutting using the tools devised for revising cement-anchored
implants, and it has become necessary to attack cancellous bone mechanically in order to

revise such implants.

Furthermore, in order to remove a prosthesis, it may be necessary to remove portions of

cortical bone, which cannot be achieved without using mechanical means.

A manual osteotome is effectively a specialised form of chisel, which is forced longitudinally
through the bone between a prosthesis and surrounding structural bone. The force required
can be so great as to compromise the directional accuracy of the technique, and may thereby

damage surrounding structural bone, especially if it is weakened by osteoporosis or the like.

Another approach is to use powered burrs to drill out the bone. These may also be difficult to
guide accurately, and flexure in their elongate rotating drive shafts may lead to unacceptable
collateral damage in surrounding structural bone.  This approach also produces
inconveniently large quantities of bone swarf, which must be removed to allow clear
visualisation of the point at which the burr is cutting. Furthermore, high-si)eed burrs lead to

significant localised frictional heating, which may also harm adjacent bone, tissue or marrow.
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Manual sawing through bone is a slow, tiring process, also leading to localised heating and
copious bone swarf. In any case, conventional bone saws could not easily be inserted or
operated between a hip or other joint prosthesis shaft and an inner wall of a femur, or

between a part-spherical acetabular shell and a pelvic bone, for example.

It is hence an object of the present invention to provide a tool for cutting bone, particularly
bone adjacent an arthroplasty implant, that obviates the above disadvantages and allows

accurate, rapid and convenient removal of such implants as part of a revision procedure.

According to a first aspect of the present invention, there is provided a tool for cutting bone
comprising a means of generating ultrasonic vibrations, elongate blade means operatively
connectable thereto and having at least one cutting edge provided with a plurality of
serrations each having a first cutting facet substantially transverse to the direction of said

ultrasonic vibrations.

In a first embodiment, the tool is adapted to be vibrated by longitudinal mode ultrasonic
vibrations, for example directed substantially parallelly to a longitudihal axis of the blade

means.

Preferably, the blade means then comprises an elongate substantially planar member having

two substantially oppositely-facing lateral edges.

Advantageously, said lateral edges each extend substantially parallelly to the longitudinal

axis of the blade means.
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The elongate member may further comprise a rounded distal tip.

Said distal tip may extend between a distal end of a first said lateral edge and a distal end of a

second said lateral edge.

Preferably, the cutting edge extends along at least part of a respective one of said lateral

edges.

Advantageously, the cutting edge extends along at least part of each said lateral edge.

The cutting edge may extend around all or part of the rounded distal tip.

A continuous cutting edge may extend around at least a distal portion of each lateral edge and

the distal tip extending therebetween.

Preférably, at least part of the blade means has a cross-sectional profile tapering towards one

or each lateral edge.

Advantageously, the blade means has a cross-sectional profile adjacent its distal tip tapering

towards said tip.

Said tapering profile may comprise at least one angled surface located on each opposite face

of the blade means.
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A single angled surface may extend adjacent each lateral edge and the distal tip on each said

face.

Said angled surfaces may be connected at their respective outer peripheries by an edge

surface extending transversely to the general plane of the blade member.

Said edge surface may be substantially narrower than an overall thickness of the blade

means.

Preferably, said tapering profile is at least coextensive with the cutting edge of the blade

means.

Preferably, each serration of the or each cutting edge is generally triangular.

Each serration may have the first, cutting facet extending generally orthogonally to a local

alignment of the cutting edge.

Each serration may then have a second, angled facet extending obliquely to said local

alignment.

Each pair of neighbouring serrations may be so relatively aligned that a first facet of one

serration of said pair is adjacent a second facet of the next serration of said pair.
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Each first facet of a first lateral cutting edge may face towards a distal tip of the blade means
and each first facet of a second opposite lateral cutting edge may then face towards a

proximal root of the blade means.

Preferably, each serration extends outwardly from the cutting edge, substantially in the plane

of the elongate member.

In a second embodiment, the tool is adapted to be vibrated by torsional mode ultrasonic

vibrations.

The blade means then preferably comprises an elongate member having a curved cross-

section, optionally substantially comprising an arc of a circle.

Advantageously, said cross-section is substantially constant along a whole of the elongate

member.

The tool may be so adapted as to be torsionally vibratable about an longitudinal axis

extending through the centre of said circle.

Preferably, a distal tip of the elongate member comprises the cutting edge of the tool.

The serrations of the cutting edge may be generally triangular.

The serrations may extend distally from the tip of the member.
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A portion of the elongate member adjacent its tip may taper longitudinally towards said tip.

The tapered portion may comprise an angled surface located on a concave face of a curved

elongate member.

In each embodiment, the generator means is advantageously adapted to generate ultrasonic

vibrations at a frequency within the range of twenty to seventy-five kilohertz.

According to a second aspect of the present invention, there is provided a method of cutting
bony material comprising the steps of providing a tool as described in the first aspect above,
applying a cutting edge of the tool to a surface of bony material to be cut, causing the tool to
vibrate at an ultrasonic frequency and drawing the cutting edge of the tool across said

surface.

Preferably, the cutting edge is drawn reciprocally across said surface.

Advantagebusly, the bony material comprises cancellous and/or cortical bone holding an
orthopaedic implant to a bone of a living body, and the method comprises the step of cutting

the bone as described above until the implant is separable therefrom.

Embodiments of the present invention will now be more particularly described by way of

example and with reference to the accompanying drawings in which:

Figure 1 is a perspective view of a first tool embodying the present invention;

Figure 2A is a plan view of a distal portion of the tool shown in Figure 1;
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Figure 2B is a schematic plan view of an intermediate part of the distal
portion shown in Figure 2A;

Figure 3A is a partial perspective view of a second tool embodying the
present invention;

Figure 3B is an elevation of a distal end of the tool shown in Figure 3A;
Figure 4 is a perspective view of a third tool embodying the present
invention;

Figure 5 is a cross-sectional elevation of a blade of the tool shown in Figure
4, taken along the line V — V; and

Figure 6 is a cross-sectional elevation of a blade of the tool shown in

Figure 4, taken along the line VI - VL.

Referring now to the Figures and to Figure 1 in particular, a first osteotomy tool 1 comprises
a cylindrical connecting body 2 provided at a proximal end with a threaded spigot 3, by
which the tool 1 may detachably be connected to a generator of ultrasonic vibrations (not
shown). An elongate blade portion 4 of the tool 1 extends from a distal end of the

connecting body 2, and is aligned generally coaxially therewith.

The blade portion 4 comprises a proximal blade root 5 having a substantially rectangular
cross-section and linked by a tapered portion 6 to a thin, flat elongate blade 7 with a generally
rounded distal tip 8. A distal portion of the blade 7 has two oppositely-facing lateral cutting
edges 9, 10. Each of the lateral cutting edges 9, 10 and t(he tip 8 is provided with a plurality of
teeth 13, as shown in more detail in Figures 2A and 2B. A proximal portion of the blade 7 is
toothless, although the relative lengths of the toothed and toothless portions may vary from

that shown.
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The cylindrical connecting body 2 is provided with spanner flats 11 to allow application of
tightening torque sufficient to bring the tool 1 into secure contact with the ultrasound
generator, allowing effective vibrational coupling through a contact surface 12 of the body 2. '

The tool 1 is preferably made of titanium or stainless steel.

As Figures 2A and 2B illustrate, the teeth 13 of the blade 7 are preferably shaped generally as
conventional saw teeth, having a first edge 14 substantially orthogonal to a longitudinal axis
of the blade 7 and a second edge 15 at a relatively shallow angle thereto. In a conventional
saw, the first edge 14 would be sharpened, and the saw would cut when pulled (or sometimes
pushed) in a longitudinal direction in which the first edge 14 is a leading edge of the tooth 13.

In the present invention, it is believed to be unnecessary to sharpen the teeth 13.

In the tool 1 shown, the teeth 13 extend in a continuous array along a first cutting edge 9,
around the tip 8 and along a second cutting edge 10, without the relative dispositions of the
first and second edges 14, 15 of the teeth 13 changing. Thus, the first cutting edge 9 is
adapted to cut on a longitudinal pull stroke as indicated by arrow 16 and the second cutting

edge 10 is adapted to cut on a longitudinal push stroke as indicated by arrow 17.

Were the tool 1 a conventional mechanical saw, this arrangement would not be particularly
effective, a push cut being particularly difficult to control in direction or force. Manual
sawing at bone, even cancellous bone, produces significant frictional heating and requires

considerable effort on the part of the user.
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However, when the blade 7 is subjected to longitudinal mode ultrasonic vibrations, directed
parallelly to the longitudinal axis 18 of the tool 1, the effectiveness of both the pull stroke 16
and the push stroke 17 is greatly improved. The velocity amplitude of the first edge 14 of
each tooth 13 as it contacts the bone is much greater than the speed of the stroke 16, 17 alone.
This leads to much more rapid cutting through the bone, with much less friction, and hence
much less heating. The user does not need to force the tool 1 through the bone, allowing
much greater accuracy and control in the cut, for both the push and pl;ll strokes 16, 17. The
tip 8 may be sunk longitudinally into the bone with only small lateral movements of the tool

1.

The tool 1 is connected to an ultrasound generator operating in the frequency range 20-

75kHz.

Thus, for a replacement hip jbint prosthesis held in a cavity within a femur by friction or by
interaction with cancellous bone, and requiring revision, it is relatively straightforward to
sink the tool 1 between the stem of the prosthesis and the femur itself, tip first and extending
generally parallelly to the stem. The tool 1 can then be moved laterally around the stem, with

a gentle sawing motion, cutting through the bone and freeing the prosthesis.

Compared to the alternative approach of using powered burrs, the ultrasonically-vibrated tool
1 is significantly more accurate, and does not flex when it meets increased resistance, which
might cause unacceptable collateral bone damage. Frictional heating is lower with the tool 1
shown than with powered burrs, and the amount of bone swarf produced is significantly

lower.
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Manual (chisel-like) osteotomes require considerable force to drive between the prosthesis
and the femur, which could damage a weakened femur wall and frequently compromises the

directional accuracy of the technique.

The tool 1 may also be of use in other surgical procedures where rapid and accurate bone

cutting is required, such as bone grafting or amputations.

A second osteotomy tool 21 is shown in Figure 3A. As for the first 1, it comprises a
cylindrical body 2 with a proximally-mounted threaded spigot 3 by which it is connectable to
a generator of ultrasonic vibrations. However, in this case, the generator produces torsional
mode ultrasonic vibrations. As for the longitudinally-vibrated first tool 1, vibrations in the

frequency range 20-75kHz are preferred.

The second tool 21 is provided with a generally hemicylindrical blade 27, aligned coaxially
with the connecting body 2 along a longitudinal axis 18 of the tool 21. A distal tip 28 of the
hemicylindrical blade 27 is provided with a plurality of teeth 23. The teeth 23 are shown as
symmetrical, although they may be asymmetrical as for the teeth 13 of the first tool 1, set in
either sense or even set in alternating senses. The tip 28 thus comprises a generally

semicircular cutting edge, as shown in Figure 3B.

The torsional mode ultrasonic vibrations transmitted through the connecting body 2 to the
blade 27 thus vibrate the tip 28 as shown by arrows 26. The user rotates the second tool 21
manually about the axis 18, without needing to exert significant longitudinal force, and the
ultrasonic vibrations cause the tool 21 to cut rapidly and accurately into the bone to which it

is applied.
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As well as being useful for cutting between a prosthesis and a concave inner wall of a long
bone, the second tool 21 may also be usable to cut circular bone samples, or in cranial.
surgery. Although a generally hemicylindrical blade 27 is probably optimal for arthroplasty
revision work, blades comprising greater or lesser proportions of a hollow cylinder may be

appropriate in other applications.

A third osteotomy tool 31, shown in Figure 4, is a preferred variant of the first tool 1, shown
in Figure 1. As for the first tool 1, the third tool 31 comprises a connecting body 2 having a
threaded spigot 3, by which the tool 31 may detachably be connected to a generator of
ultrasonic vibrations. An elongate blade portion 4 extends from a distal end of the

connecting body 2, generally coaxially aligned therewith.

The blade portion 4 compfises a proximal blade root 5 of geherally rectangular cross-section,
linked by a tapered portion 6 to a thin, elongate blade 37 with a generally rounded distal tip 8.
As for the blade 7 of the first tool 1, this comprises a distal portion having two oppositely-
facing lateral cutting edges 9, 10. A plurality of teeth 13 extend along each cutting edge 9, 10

and the rounded tip 8 that joins them.

The blade 37 of the third tool 31 differs in cross-sectional profile from that of the first tool 1.
Whereas the blade 7 has a rectangular cross-section, the blade 37 has a substantial bevelled
region 32 extending longitudinally of the blade 37 adjacent each edge 33 thereof and around
its distal tip 8. (A corresponding bevelled region 32 is provided on a reverse face of the

blade 37 to that visible in Figure 4).
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Thus, as shown more clearly in Figure 5, the blade 37 has an octagonal cross-section.
Respective bevelled regions 32 on each face of the blade 37 define a narrow edge 33
extending between them. It is preferable that the edge 33 is not actually sh@ened, to reduce
the likelihood of it cutting anything accidentally while the tool 31 is not ultrasonically

activated.

As shown in Figure 6, the indentations between the teeth 13 of the blade 37 extend only
partially across the bevelled regions 32. They are thus both triangular in plan view (see

Figures 2 and 3) and generally triangular in profile.

The teeth 13 of the blade 7 of the first tool 1 have a substantially rectangular cross-section,
and it is believed that the outer corners thereof may be prone to damage. It is probable that
an activated tool 1 would at some point come into contact with a prosthesis being removed
and the corners of the teeth 13 would tend to impact thereon. There would be a significant
chance of these corers being knocked off, notched or chipped as a result. It is important to
balance an ultrasonically-vibratable blade, and significant loss of material from the teeth 13
might require the whole blade 7 to be rebalanced or even disposed of. Also, if damage
occurs at a region of the blade 7 that is under raised stress, fatigue fractures of the blade 7

might quickly follow, originating from the damage.

The blade 37 with bevelled regions 32 avoids such problems to a great extent. While a face
of the Blade 37 might contact the prosthesis in use, its teeth 13 (and particularly the narrow
edge 33 forming the tips of the teeth 13) are set back from the face and less likely contact the
prosthesis. Even if they did, the profile created means that such contacts would be more

glancing and less liable to cause damage. Nevertheless, the tooth 13 profile of the blade 37
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of the third tool 31 is just as effective as that of the first tool in cutting through cancellous

bone.

A similar tapered profile may also be created around the cutting distal tip 28 of the second

tool 21.
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CLAIMS

1.

A tool adapted to cut bone comprising a means of generating ultrasonic vibrations,
and elongate blade means operatively connectable thereto, the blade means having at
least one cutting edge provided with a plurality of serrations each having a first

cutting facet substantially transverse to the direction of said ultrasonic vibrations.

A tool as claimed in claim 1, wherein the means to generate produces longitudinal
mode ultrasonic vibrations, for example directed substantially parallelly to a

longitudinal axis of the blade means.

A tool as claimed in either claim 1 or claim 2, wherein the blade means comprises an
elongate substantially planar member having two substantially oppositely-facing

lateral edges.

A tool as claimed in claim 3, wherein said lateral edges each extend substantially

parallelly to the longitudinal axis of the blade means.

A tool as claimed in either claim 3 or claim 4, wherein the elongate member further
comprises a rounded distal tip extending between a distal end of a first said lateral

edge and a distal end of a second said lateral edge.
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11.

12.

13.
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A tool as claimed in any one of claims 3 to 5, wherein the or each cutting edge
extends along at least part of a respective one of said lateral edges, advantageously

along at least part of each said lateral edge.

A tool as claimed in claim 5, wherein the cutting edge extends around all or part of

the rounded distal tip.

A tool as claimed in any one of claims 3 to 7, wherein at least part of the blade means

has a cross-sectional profile tapering towards one or each lateral edge.

A tool as claimed in any one of claims 5 to 8, wherein the blade means has a cross-

sectional profile adjacent its distal tip tapering towards said tip.

A tool as claimed in any one of the preceding claims, wherein each serration of the or

each cutting edge is geﬁerally triangular.

A tool as claimed in any one of the preceding claims, wherein each serration has the
first, cutting facet extending generally orthogonally to a local alignment of the cutting

edge.

A tool as claimed in claim 1, whereas the means to generate produces torsional mode

ultrasonic vibrations.

A tool as claimed in claim 12, wherein the blade means comprises an elongate

member having a curved cross-section substantially comprising an arc of a circle.
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14. A tool as claimed in claim 13 so adapted as to be torsionally vibratable about a

longitudinal axis extending through the centre of said circle.

15. A tool as claimed in any one of claims 12 to 14, wherein a distal tip of the elongate

member comprises the cutting edge of the tool.

16. A tool substantially as described herein with reference to the Figures of the

accompanying drawings.

17. A method of cutting bony material comprising the steps of providing a tool as claimed
in any one of the preceding claims, applying a cutting edge of the tool to a surface of
bony material to be cut, causing the tool to vibrate at an ultrasonic frequency and

drawing the cutting edge of the tool across said surface.
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Continuation of Box II.1

Claims Nos.: 17

Claim 17: Rule 39.1(iv) PCT - Method for treatment of the human or
animal body by surgery

Continuation of Box II.2

Claims Nos.: 16

The present claim 16 does not comply with the requirement of clarity
under Article 6 PCT since it does not clearly identify the features for
which protection is sought. Hence, claim 16 relates to such an extremely
large number of possible apparatus that it is impossible to compare it
to the prior art. A meaningful search can therefore not be carried out.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome.
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