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Surgical Procedures and Instruments

This invention relates ta surgical procedures and instruments.

Many surgical procedures involve fixing soft tissue to bone,
particularly in the area of shoulder surgery, for example rotator cuff
repairs and instability repair, Generaily, in these proceduras, the
surgeon forms an incisicn to access the surgical site and than uses
one of the follawing techriques to reattach the soft tissue:
In one technigue, the surgeen drills bone turnels through which a
suture is passed, The sulure is tied through he scft tissue, which is
then reapproximated back to the hore.

In an aftemative technigus, the surgeon drills a cavity in the
b_one and inserts a hene anchor. Typicaily, the bone anchor is
formed of metal, plastic or a resarbable materiad, and is neld in place
by wings or barbs that deploy outward, by threads or by radial
expansion. The anchor includes an eyelei through which a suture is
threaded. After placing the anchor, the surgeon ties the suture
through the soft tissue, connecting it to the eyelet of the bone anchor
and thus reappraximating the soit tissue to the bone.

I multiple sutures are needed to attach the soff tissue, either

techniciue is repeated multiple times at diffierent locations in the -

bone, with a separate knot fied at each location. It is generally not
possible to connect a series of anchars formed using the techniques
described above, due to the difficulty of lightening stiiches between
the anchors.

According to one aspect of the invention, fixation of scft tissue
to bone or to cther soft tissue is performed using a flowable material,
e.3., @ polymsr, in place of, or in addition to, a conventional bone
anchar. Because the flowable material generally infitrates the
parous cancelous bene (also known as the "trabecular netwark"), the
flowable material effeciively forms an anchor that extends under the
stronger cortical bone. As a result, an anchor formed in this manner
typically exhibits @ high pull-out strength. In preferred

POTIUSOL20089
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implernentations, bone fragments are incorparated into the Howable
material as an autologous filler, 1o enhance regrowth of bone inte the
material during natural kealing.

Using prefeired swgical proceduras and instruments of the
invention, fixation can be perfurmed endascopically, rather than in an
open surgical pracedurs, resulting in less invasive lreatment with
minimai trauma to the patient. in preferred implementaltions piercing
of soft tissus, dritling of a cavity, delivery of a suture andfor bone
anchor (if used), and injection of the flowable material into the cavity
are performed using & single endoscopic surgical instrument. n )
some preferrad implemantations knot-tying, which tends fo require
considerable skill and dexierity and is generally time-consuming, is
not necassary. Thus, the surgical precadures of the invention are
generally relatively quick, reducing trauma, and relatively easy ta
perform. in some impiementations, the methods of the invention
allow a series of connected, tensioned stitchas ta be made ta fixa
region of soft tissue to bons.

In implementations in which a conveniional bane anchor is
not used with the flowable material, cerain risks that may be
associated with such bone anchors ara sliminated. For example, ia
suture is used the suiure does net run through an eyelst, and thus
will not be microscopically damaged by frictian betwean the suture
and eyelei Alsp, anchors formed uging a flowable material de not
rely hieavily on the quality and density of the bone [n which the
anchor is placed, and thus 2 placement in compromised, low density
bane may still exhibit geod halding power.

The invention also features surgical procedures involving
endoscopic application of polymers for other purposss, e.4., {0 repair
a hons defedt, to filt holes that are Jeft whan bone plugs are
harvested, to repair ostecchondritis dessicans injuries, for repair or
ravision of ACL grafts that exhibit micromovement, for spins fusion,
for meniscal repair, and to repair bone fractures. The use of

' endoscopic devicss and techniques significantly reduces
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3
invasivenass, generally resulting in less frauma and guicker

recovery.

In one aspadt, the invention features & methad of securing &
fixation device within an opening in a tissue, inciuding (a) delivering
a material in a flowable siate 1o the opening, and (b) changing the
slate of the material sc that the material forms an interfersnce fit that
sesures the fixation device in the opening. The fixation device may
also be secured in the cpening by other, supplemental means, e.q.,
threaded engagement, but at least a portion of the securing is
provided by the interference fit.

Implementations of this aspect of the invention may include
ane or more of the following features, The fissug includes bone
andfor soft tissus. The fixation device is selected from the group
consisting of suture, anchors, and screws. The changing step.
includes aliowing the material to at ieast partially harden. The
changing step includes at least partially cross-linking the materiat.
The material includes a polymer, e.g., a thermeplastic polymer, The
material includes a hydrogel. The methed further includes using the
fixation device to secure a second Hasue to the tissus having the
apsning. The tissue having the opening includes bone and the
second tissue includes soft tissue. The meihod furiher includes,
pricr to delivery of the material, piercing the soft tissue; forming the
opening in an underlyig area of the bane; and delivering the fixation
device through the pierced tissue; wherein the fixation device is
canstrucied to hold the soft lissue in place against the bone. The
fixation device includss a suture. The suture includes a ragion of
increased surface aréa to enhange anchoring, &.9., a knot, barb,
braided ares, ball or shaped element. All of the steps of the methied
are performed sndoscopicaliy, for example the staps are performed
using & single endoscopic surgical tool having a plurality of
attachments, and the 100l is not reroved from the patisnt unt after
the steps are-completed. The mathod further includes incarporating
bone fragments, &.g., fragments genarated during the forming step,

JP 2004-500952 A 2004.1.15
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4
into the material during or pricr to the delivering step. The method

further includes causing the material to infiltrate the irabecutar
network. The materiat includes an osteocenductive fitler. The
apening is formed using micro-toocling. The opering has a diameter
of less than aboui 3 mm. The forming step includes forming the
apening using a consumable cutting tool, and the delivering step
includes causing the culting toal to meit n response to frictional heat
generatad during the forming step. The farming step includes
forming the opening with a cutling tool having a detachable portion,
and the method further includses detaching the detachable portion in
the opening after the forming step is completed, to serve as the
fixation device.

In another aspect, the invention features a method of
ancharing soft tissue to bone including (a) piercing the seft fissue;
(b) forming an opening in an underlying area of the bone; (c)
delivering a material, in a flowable state, to the opening; and (d)
malding a portion of the material that iz not in the opening to form a
fixation device constructed to hold the soft tissue in place against the
bone after the material changes state to a relatively less flowable
slata.

Implementations of this aspect of the invention may include
one ar more of the fallowing features. The melding step includes
forming a portion of the material inta 2 shape that extends radially
over & partion of the soft tissue surrounding tha apening. The
forming step includes driiling or abrading. All of the steps are
performed endescopically. The method further includes
incorporating hone fragments generated during the forming step into
the material during or prior to the delivering step. The material
includes an osteocanductive filier, The method furiher includes
causing the material to infiltrate the trabecular netwark The opening
has a diameter of less than about 3 mm, more preferably from abaut
0.1 to 6.0 mm. The forming step is perfarmed using micro-toaling.
The material includes a polymer. The formed partion exiending

JP 2004-500952 A 2004.1.15
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radially aver the soft tissus is coextensive with the material in the
opening, defining a bolt-like anchor.

{n a further aspect, the invention features a methad of fixing
s0ft tissue to bone including (a) at a first lacation, piercing through
the soft tissue; (b) forming an opening in the bone underfying the soft
issua; {c) delivering a fixation device through the pierced tissue o
the opening; (d) delivering a material, in a flowable state, to the
opening; and (e} causing the material to change state, te a retatively
less flowable state, {o anchor at least a portion of the fixatian device
in the apening. The fixation device s selected from the group
consisting of suture, anchars and screws.  The method further
includes (f) drawing the suture across the soft tissue to a second
location, and (g} repeating steps (a) - (e) at the second location to
form a stitch with the suture betwaen the first and second locations,
the stitch securing the soft fissue to the bone. The method furthar
includes gripping the soft tissue to hold it in place against the bone.
The methad further includes (h) cutting the suture. Steps (a) and (h)
are performed with a single tool. Steps (a) - {d) are performed
endoscopically. The method further includes repeating steps (f)-(g)
at subsequent locations te form a line of connacted stitches.  Steps
{c} and (d) are performed substantially simultaneously, er,
alternatively, step {(c} is performad prios te step (d). The method
further includes delivering the suture as a continuous lergth from &
supply of suture material. The material is provided in the form of a
pellel, powder, chips, flakes or rod, and the method further includes
melting {he material prier ta delivery. The method furiher includes
incorporating bone fragments generated during the forming step into
the material during or prior to the defivering step. The method
furtner includes incorporating an csteoconductive filler Inte the
material. The methad further includes causing the material, in its
flawabile state, 1o infiltrats the frabecular network The farming step
inciudes forming a opening having a diameter of Jess than about 3
mm. The apening has a diameter of from about 0.1 i0 6.0 mm. Tha
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forming step includes drilling or afrading. The forming step is
performed using micro-tocling. The forming step is performed in the
bene of & human shaulder.

In yet another aspect, the invention features a surgical
instrument for tispue fixation including (a) a handpiece constructed fo
ba held by a surgeon during a fixation procedure; and (b) a fixation
instrument, mourted on the handpiece and including (i) a piercing
glement constructed to pierce through the tissue and form an
opening therein; and (i} a lumen for delivery of 2 material, in a
flowable stafe, and a fixation device to the opening.

Implementations of this aspect of the irvention may include
onhe or more of the following features. The fixation device includes a
suure. The surgical instrument further includes & suture feed ©
mechanism constructed to deliver the suture through the kumsn to
the opening. The surgical instrument is constructed for endoscopic
use. The surgical instrument further includes a heating slement for
heating the material tv a moksn state.  The heating element is
maurtded on the fixation instrumant. The suture feed mechanism
includes a movable nesdle. Tha surgical instrument further mcludes
a probe constructed fo tighten a stitch farmed with the sufure, 8.g.,
mounted on an extemal surface of the fixation instrumant. The
probe is constructed to be manually actuated by a surgeon during an
endoscopic procedure, The handpiece ingludes a resenvoir for
receiving the material in solid form. The reservoir is constructed to
receive & supply of pellets of the material and the handplacs further
caomprises & machanism for delivering the pellets from the reserveir
to the lumen. Altermnatively, the reservoir is construcied to receive a
supply of powderad material and the handpizce further comprises a
machanisin for deliverirg & predetermined dose of powderad
matarial frem the reservoir to the lumen. The fixation instrument is
detachakle from the handpiece. The surgical insfrument further
includes a mixing device constructed to mix hene fragments and
debris generated during opening forming into the material prior to
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delivery ta the aopening. The surgw?;:al element further includas a
drive mecharnism constructed to drive the piercing element and, if it
is included, the suturs feed mechanism. The drive mechanism is
dispbsed in the handpiece. The surgical instrument further includes
a ciutch mechanism constructed te ailow a surgean to selectively
engage and disengage the drive of the piercing stement and the
drive of the suture feed mechanism. The handpiece is constructed
to receive attachments ather than the fixation instrument. The
piercing elament is consfructed to cut the suture. The fixation
instrument is constructad to perform a complete fixation procedure
without removing the fixation instrument from the surgical site.

In another aspect, the invention features a surgical methed including
{a) forming an opening in bone of a patient, (b} incorporating
kone fragments generated during the forming step inte a polymer as
an autologous filler ta form a honefpolymer blend; and (c) delivering
the bonefpolymer blend, in a flowshble state, to the patient; wherein
staps (a)-{c} are performed endoscopically. In some
implementations, the bone/poilymer blend is delivered to the
opening.

In ysi anothar aspect, ths invention features a method of
securing a first layer of soft tissue to a second layer of soft tissue
including {a) forming an opening extending through both layers of
soft fissue; (b) delivering a material, in a flowable state, through the
opening s that the flowable material extends beyond the soft tissus
at each end of the opening; and {c) causing the material to changs
stafe, to arelatively less flowable state, forming an anchor to secure
the two layers of soft tissua together,

In & fusther aspect, the invention features a method of
securing a first layer of soft tissue to & sacond Jaysr of soft tissus
including (a) forming an opening extending through both layers of
soft tissue; (b} delivering a thermoplastic member fo the opening, so
that a portion of the member extends beyond the soft tissue at each
end of the opening; {¢) softening the extending portions of the
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member; and {d} forming each of the softened extending partions so
that each extencds radially over a portion of the soft tissue to secure
the two layers of soft tissue togather.

In some implementations, the member inciudes a hollow tube
and the forming step results in a rivet-like anchor.

In another aspect, the invention features a method of secwring twe
tissues together including (a) farming an opening extending through
the two tissues, (h) delivering a materiai, in a flowable state, to the
opening, and {¢) causing the material fo change state, to a relatively
less flowable stafe; wherein the material forms an anchor hat
secures the two fis.sues together, In some implementations, the
anchar is a boli-like anchor.

In a further aspect, the invertion features an endoscapic
instrument for securing two tissues together including (8)  a
piercing device constructed to fam an operiing extending through
the two tissues; and (b) a delivery device constructad to deliver 2
matarial, in a flowable state, and a fixation device, to the opening.

In another aspect, the invention features surgical instruments
consiructed to perform the steps of the methods described above,
Prefarred instruments are constructed to perform all steps of the
methods endoscopically.

Other features and advantages of the invention will be
apparent from the description and drawings, and from the daims.

DESCRIPTION OF DRAWINGS
Fig. 1 is a diagrammatic perspective view of the surgical
eryironment of an endoscopic procedure according o one
embadiment of the invention.
Figs, 2-2K are diagrammatic views of a procedurs for forming a
serles of pelymeric anchors connected by stitching.
Figs. 3-3E are views of a surgical instrument suitable for performing
the method shawn in Figs. 2-2K. Fig. 3 is a side view of tha surgical
instrument. Fig. 3Ais a highly enlarged detail perspective view of
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9
area A of Fig. 3. Fig. 3B is & cross-sectional view of the surgical

instrument of Fig. 3. Fig. 3G is an exploded cross-sectional view of
the surgical instrument of Fig, 3, Fig. 30 is an exploded view of area
D of Fig. 3C. Fig. 3E is an exploded view showing an enlarged
cross-sectional view of the polymer cartridge of the instrument.

Figs. 4-4J are diagram.matic views of an alternative procedurs for
farming a series of polymeric anchors connected by stitching,

Figs. 8-5F are diagrammatic views of a procedure for forming &
sutureless polymeric anshor to fix soft tissue to bone.

Fig. 6 is an exploded cross-sectional view of & surgical instrument
attachment suitable for use in the pracedure of Figs. 5-6F. Fig. BAis
& ctoss-sectional view of the surgical instrument attachment of Fig. 6
assembled.

Fig. 7 is a diagrammatic cross-sectional view showing a handpiece
and a mumber of interchangsable attachments that are mountable on
tha handpiece.

Figs. B-8F are dizgrammatic views of a procedure for fixing soft
tissue to soft tigsue with a palymeric anchor. Fig. 8G is & partial
perspective view of the finished ancher.

Fig. 9 is & cross-sectional view of a surgical instrument attachment
suitable for use in the procedure of Figs, 8-8F, ‘

Figs. 10-10H are disgrammatic views of 2n alternative procedure far
fixing soft tissue 1o soft lissus with a palymaric anchor,

Fig. 11 is a cross-sectional view of a surgica) instrument attachment
suiitable for use in the procedure of Figs. 10-10H.

. Figs. 12-12| are diagrammatic views of another alternative

procedure for fixing Soft tissue to bone.

Figs. 13-13J are diagrammatic views of yet another alternativa
procadure for fixing soft tissus to bone.

Figs. 14-14D0 are diagrammatic views showing a cavity being drilled
with a consumakble drill bit.

Figs. 15 and 15A are perspective and side views, respectively, of an
sitermnative cutting taol,
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Figs. 16 and 18A are perspective and side views, respectively, of an

alternative cutting tool.

Figs. 17 and 17A are perspective views of an alternative cutting tool
in closed and open positions, raspectivaly.

Figs. 18 and 18A are perspactive and front views, respectively, of an
alternative cutting taol.

Fig. 19 is a perspactive view of an alternative cutting toal.

Figs. 20 and 20A are perspective and cross-sectional views,
respectively, of an alternative cuiting tool. Fig. 20Bis a
diagrammatic cross-sectional view showing the cutting toal of Figs.
20-20Ain use.

Figs. 21-21G are diagrammatic views of various types of augmented

sutures.

DETAILED DESCRIPTION

Referring to Fig. 1, a surgical site 10 includes a number of
partals 12, through which endoscopic devices can be inserted. The
surgeon can view the surgical site using an arfhrascope 14, while
placing a polymeric anchar, as will be discussed in detail below,
using a surgical instrument 16. Surgical instrument 16 generally
dapicts an instrument for placing a polymeric anchor. Examplas of
particular instruments that are suitable for use in the various
methods of the invention will be discussed in further detail below. In
the initial step shown in Fig. 1, the surgeon is using a shaver 18 to
remove a portion of soft fissue 20, expose the surface 24 of bone 22
and create a blesding bone bed, in preparaticn for the surgicat
procedures described below. While shaver 18 is shown as a
separate irstrument irs Fig. 1, it may instead be intagrated with
surgical instrument 15,

A pracedure for fixing soft tissue to bone is shown in Figs. 2-
2K. In this procadure, one ar more stitches are formed fo fix the soft
fissue ta the bona over en area. Tha sieps shown in Figs. 2-2K are
performed endoscopically, in the environment shown in Fig. 1.
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However, for the sake of clarity, only the surgical instrument 16, the

bone and the soft fissue ara shown in Figs. 2-2K.

" The steps shoewn in Figs. 2-2K are performed using an
endascopic surgical instrument 16 that is constructed to perform a
stitching operation. Generally, surgital instrument 16 includes a
canmuiatad tube, a culting taol within the cannulated tube, and a
drive mechanism constructed to power the cutting tocl to pierce soft
tissug and form a cavity in the underlying bone, The drive
mechanism is pregrammable, ta allow the cutting tooi to be either
rotated or reciprocally oscillated (L.a., rotated back and forth through
successive cycles, each rotation cycle being less than 360 degrees),
as desired, for reasons ihat wiil be discussed below. The surgical
instrumeant also includes a supply of suture material, e.g., cn a spool,
a mechanism for advéncing the suture material through the
cannulated tube, a chamber containing a supply of polyrer in solid
form {e.g., powder or pellets}, and a heating element for melting the
polymer for delivery in malten form. When the cutting tool is
retracted, the suture and polymer are delivered through the
cannulated tube, as will be described helow, fo ancho} a portion of
the sulure in the cavity. Optionally, the surgical device may inciude &
canhulated needle for positianing the suture in the cavity.

Using surgical instrument 18, a stitching procedurs is
performed as follews. First, the soft tissue 20 is held in place by the
proximal end 19 of surgical instrument 16, and pierced by a cutting
tool 26 (Fig. 2A). Cutting tool 26 alse farms a cavity in bore 22 (Fig.
24). Next, the culting tool 's retracted and a suture 70 is fed through
the cannula 17 of the surgical instrument 16, e.g., from a reegl of
suture material {nat shawn) in the surgical instrument. The sulure
70 may be positioned in the cavily by advancing a cannulated
naadie 72, through the cannula of which the suture is fed, into the
cavity, as shown in Fig. 2B, Alternativaly, the suture may be
positioned by gravity er in any suitable manner.

POTIUSOL20089

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

20

25

30

(36)

12
After the suture is positioned, needle 72 is retracied and

malten potymer 28 is injected into the cavity around suture 70 (Fig.
2C). The polymer 28 penetrates through the side walis and bottom
of the cavity into the trabacuiar network {cancelous bone) in region
30.

Cnce polymer 28 has at ieast partially solidified, anchoring
the suture in the cavity, the surgical instrument 18 is retracted (Fig.
20), and suture 70 is fed from the surgical instrument as the surgical
instrument is moved to a second Jocation (Fig. 2E). As shown in Fig.
34, ang discussed in further detail below, as the suture 70 is fed
from the instrument it exits the instrument thraugh an inverted-L.-
shaped channel 89 extending up the side 74 of the surgical
ingtrument, so that the suture is not cut during the piercing of the soft
tissue.

Wher the surgical instrument is positionad at the second
locatian, the surgical instrument again holds the saft tissue 20 in
placs, and cutting tool 28 again pierces the sof tissue 20 (Fig. 2E).
The cutting tool 26 is then reciprocally oscillated te form a sepand
cavity, as shown in Fig. 2F. (At this stage, the cutting toal canno? be:
rotated 380 degrees, as this would cut or break the suture, ar cause
the suture to wind around the cutting teol. Thus, the surgean sets
the programmable drive mechanism 1o an oscillating mode. The
surgeon can use either a rotating or an cscillaiing mation (o form the
first cavity (Fig. 2A), depending on the surgeon's preference.) The
suture 70 is fed from the supply reel into the new cavity, and
positioned by advancing needle 72 into the cavity, as shown in Fig.
2G (as discussed abovs, the suture cauld instead be positioned by
gravity).

A probe 71 is used to press the sutere through tha soft tissus,
compressing the soft tissue against the surface of the bone in the
vicinity of the second cavity and tensioning the suture material as it
passes between the cavities, tightening the "stitch” that will be
formed between the cavities. Needte 72 is retractsd, leaving a laop
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of suture material (not shown) in the cavity, and molten polymer 28 is

injected into the second cavity around the suture 70 {Fig. 2H).

Once the polymer in the sacond cavity kas at least partially
solidified, the surgicat instrument 16 is again retracted (Fig. 21). At
this point, a “stitch® 76 of suture extends between the first and
second cavities, holding regicn 20A of the soft tissue 20 securely
against bone 22. The stitching procedurs can then be terminated,
as shown in Fig. 2J, by cutting the suture, or stitching can be
continued, by repeating the above steps, to form a line of stitches as
shown in Fig. 2K. The stitches can be of uniferm lengths, or of
different lengths (i.e., d1 may or may not be equal to d2). The suture
can be cut, at the end of the procedurs, using the surgical instrument
16 ar a separate tool, e.g., a scalpel that is inserted through the
cannula of an endbscope.

The potymer used in the procedure described above is
praferably provided in the form of a plurafity of peflets or a powder,
and is preloaded into the surgical instrument prior to surgery, as will
be described in further detail below. Qnea pellet or shot of powdar is
used to fill each cavity. The pelleis or powder are melted, to form the
moiten palymer, immediataly prior to injection.

Many types of instruments may be suitable for use as surgical
instrument 16 in the procedure described above with reference ta
Figs. 2-ZK. An example of a suitable surgical instrument, stitching
instrument 53, is s_huwn in Figs. 3-3E.

Instrument 50 includes a handpieos 52, and a removable
attachment device 54. As indicated in Fig, 7, and discussed further
beiow, attachment device 54 is ane of many madular attachment
devices that may be interchangeably mounted on handpiece 52,
The attachment devices may be disposable. The handpisce 52 is
sterilizable and is dasigned for repeated use, e.g., 100 uses or more.
The aftachment devices are clipped inte the handplece, ona
bearing, as is well knawn for endoscapic surgical instruments with
interchangsable attachmenis, such as those commercially availabie
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rom Smith & Nephew, Andaver, MA, under the fradename

DYONICS™.

Referring fo Fig. 3, handpiece 52 is consiructed to be held by
a surgeon during a surgical procedure, and includes switches 56a,
66D and 56¢ that are positioned to be easily actuated by the surgeon
to cantrol the functions of the surgicat instrument, as will be
discussed below. Handpiece 52 is connected ta a power supply by
an adapter cord 39 (e.g., a Dyonics EP1 powsr supply cord,
available from Smith & Nephew). The handpiece 52 may be fitied
with intarchangeable maldad grips, e.g., two-piece housings ihat
snap on over the handpiece 52 and include recesses through which
switches 56 extend, thus providing the surgeon with a morse
custormized grip.

Referring now to Figs. 3B and 3C, the handpieca 52 includes
a removable polymer cartridge 40 hat is preloadsd with 2 suppiy of
polymer pellets 45 {Fig. 3E) prior to surgery, and a chamber 41 (Fig.
3C) for receiving the polymer cartridge. The polymer cartridge 40
includes aligned slots 42a, 42h, through which a pellet can be
pushad cut for delivery to a cavity.

To push: a psllet ouf of ihe cartridge for delivery, the surgeon
pulls back on switch 56z. This causes toothed cam 57 to push rad
58 against inclined surface 59 of block 60, causing block 60 te mave
downward through slot 42a, thereby displacing the pellet through slot
42b into chamber 43 through an cavity that is nct shown in the
cross-section of Fig. 3B. The peliet then passes info the lurnen of
the attachment 54 through an cavity 44 (Fig. 3D). Afier the pellet
has been dispensed, block 60 is returned to, and biased in, its
previous posltion by spring 61. This reversaes the movement of the
rod 58 and toothed cam 57, retuming the switch 56a to iis normal
pesition. The peilets are advanced toward the proximal end of the
carlridge, to move 4 new pellet into place for delivery through slot
42b, by spring 47 (Fig. 3E).

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(39)

WO 0200119 POTIUSOL20089

20

25

30

15
The polymer pellet is moved to the delivery end 61 (Fig. 38)

of the instrument 50 by compressed gas deifvered from pre-filled
reservoirs 52a and 62b. To deliver air lo move the pellet, the
surgeon pushes swiich 56k forward, which moves a hydraulic fluid in
chamber B2 against spring 64, cavity a valve (not shown) o release
ihe comprassad gas from the reservairs into the lumen of the
attachment 54.

The cuiting fooi (cutting device 176, discussed below) and the
suture aelivery mechanism are bath driven by a single motor, and a
clutch mechanism énd switch are provided to allow the surgeon to
selectively activate the piercingfcavity forming function of the cutting
device and the suture delivery function (parformed by the suture
delivery mechanism), as will be discussed below. The mator is
normaily off, and is activated by the surgeon pressing switch 56¢
upward (arrow A, Fig. 3B), moving contact 85 inta engagement with
contact 66 of motor 68, The switch is held in the angaged position
by a cateh (not shown), so that ta deactivate the metor the surgeon
needs to press the switch upward again, as which paint spring 67
will refurn the switch to its normal position.

The surgean can select beiween the piercing/cavily forming
functian and the sutura delivary funstion by moving switch 58¢ back
and forth axially (arrow B, Fig. 3B). This causes member 76 to move
axially, engaging a set of gears that drives ane of these funclions
and disengaging a set of gears that drives the other function, as will
e discussed further balaw.

When the suture delivery function is selected, i.e., when
switch 56c is in the position showr in Fig. 3B (its left-hand position),
bevel gear 166, mounted on drive shaft 154 of the mator, is engaged
with bavel gear 168, which drives a suture feed cog 1703, through
which a suture 172 (Fig. 3B) is fed from a reel 173. A seriss of
bearings 174 drive suture feed cogs 17Cb-170d, which advance the
suture towards the delivery end 81 of the surgical instrument.
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When the piercing/cavity forming function is selected, i.e., when

switch 5Bc¢ is moved to the right in Fig. 3B, a spline (not shown) in
the center of cog 150 engages end 152 of drive shaft 154 of the
matar. Simultaneously, the teeth of cog 150 engage the testh of cog
156, causing shaft 158 to rotate, driving bavel gear 160 which
angages bevel gear 162 on the cutting tube 164 of attachment 54.
Engagement of bevel gears 160 and 162 rotates the cutiing device
176 (or oscillates the cutting device, depending on the setting of the
pragrammable drive). The motor is pragrammed to stop rotatian,
when the piercing/cavity forming functicn is desefected, in a position
in which cavity 44 is akgned with the palymer-delivery cavity in the
handpigce that is in turp aligned with cavity 42b of the polymer
cartridge.

Refering to Fig. 3D, the attachment 54 includes an inner
cutting device 176 that slides into an cuter guide/heating device 178
when the surgical insirument is assembled for use. VWhen the
instrument is assembled, as shown in Fig. 3C, the guide/heating
device 178 snaps inta the handpiece 52, and the culling device 176
is trapped between the handpieces 52 and the guidaiheating device
174.

Cutting device 176 includes a cannulated cutting tube 1684
having a cutting tip 180, a membar 182 that defines chamber 42 and
a gas inlet 164, and beve! gear 162. End 181 of the cutting tube
includes a flap valve 183 1o prevent the compressed gas fram
escaping through end 187, When the suture delivery funclion is
selected, the pressure of the end of the advancing suture opens
valve 183, and the suture is guicded through the cavity at end 181 by
a conical pertion 185.

Guide/heating device 174 includes a cannulated guide tube
186 and, within the guide tube, a heating elament 188 for meliing the
polymer pellets. The guide tube 186 includes a movable probe
portian 71, which can be moved axially {arrows G, Figs. 3 and 3A} by
the surgeon, using grip 190, to push the suture 172 against the soft
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tissue as discussed above. The probe pertion is in its upper position

in Fig. 3A, allawing clearance for the suture as it feeds from the tip.
It is lowered prior to dispensing the polymer {ta keep the polymer
from escaping through channal 68), and to tighten the suture when a
stitch is formed. The guide fube 186 is spring loaded so that it will
retract under wressure when pressed against the soft tissue, allowing
the cutting tip to penetrate the bane 1o a desired depth which is
determined by the degree of spring loading. When pressure is
relsased, the guide tube is biased by the spring load back ta its
narmal, axtended position. The guide/haating device also includes
an attachment pertion 200 that feleasably snap fits into the
handpiece.

Thus, to use the stitching instrument 50 in the precedura
shown in Figs. 2-2K and described abave, a surgeon would first
prejoad a supply of polymer into the nstrument 50, by installing
polymer cartridge 40, preprogram the programmabie drive
mechanism as desined, and move prabe portion 71 to its lowered
position. The surgecn would then press the delivery end 61 of the
device ageainst the soft tissue, and select the piercing/cavity forming
furiction by moving switch 55¢ to the appropriate positicn, to pierce
the soft tissue and form a cavity. Next, the surgean would move
switch 56¢ to select the suture delivery function, and deliver a
desired amount of suture material to the cavity. After delivery of the
suture, the surgeon would move switch 56¢ to deactivate the drive
moter {tuming off both the piercing/cavity forming and suture delivery
functicns), and pull back on switch 58a and push forward an switch
56D to deliver polymer to the cavity. Oncs the polymer had at least
partially solidified, the surgeon would raise probe portion 71, move
switch 56¢c {o select the suture delivery function, and feed out suture
while maving the instrument 5Q to a second loeation. At the second
iocation, the surgeon would move switch 58¢ to select he
piercing/cavity forming furction, and fornt @ second cavity. The
surgaon would then move switch 56¢c to select ibe suture delivery
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function, deliver a desired amount of suture 1o tha cavity, move

switch SBc to deactivate the drive motor, lower probe porticn 71 to
tighten the "stitch” between the cavities, and move switches 56a and
58b to deliver polymer to the cavity. Thase steps would be repeated
to form as many stitches as desired.

If desired, the surgical instrument may be used to deliver
polymer without performing any cutting procedure.

An aitemative procedure for forming & row of stitches is shown in
Figs. 4-4G. In this procedurs, the bane fragments and debris
generated during cavity forming are incomorated into the polymer as
afiller. it is noted that bone fragments and debris can be
incorparated into the palymer in a similar marnner in any of the
procedures describad herein, The procadure. shown in Figs. 4-4G is
performed using a surgical device 116 that is similar to surgical
device 16, except that it alsg includes a suction device for extracting
bene fragments and debris from the cavity, and a mixing chamber
and a mixing device, for incarporating the bone fragments and debris
into the polymer,

Referring to Figs. 4 and 4A, using surgical instrument 116 the
soft tissue 20 is pierced and a cavity is drilled ir: the bone 22, as
discussed above. In this embodiment, the cutting tool is a perforated
drili 80 {similar to a grater), having a sarrated tip 82. Because the
drill tip is serrated, it is preferred that the surgical instrument 116 be
held at an angle, rather than perpendicular to the surface of the soft
tissue 20, as indicated by angle A in Fig. 4, until the soft tissue 20
has been pierced. During drilling, the resulting bone fragments and
debris 84 are suctioned out of the cavity and up through the cannula
of the drill, as indicated schematically in Fig. 48. The bone
fragments/debris are then retained in a temparary chamber 86,
definad by the cylindricat cutting toch barrel and a balloon diaphragm
88, suspended on a neadle 90, that is inflated at this peint in the
procedure (arrows A, Fig. 4C), As shown in Fig. 4D, the surgeon
then delivers suturs 70 threugh needle 90, while simultanaously
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adding polymer to chamber 86 and mixing the pelymer with the bone

fragments/debris 84 (arrow A). Using ine air supply, the pelymeris
fed ta chasmber 86, in powder form, fram a reserveir that is preloaded
prior fo surgery. Bixing can be parformed using any desired mixing
davice, e.g., a mobius band 89 mounted on needle 0. The polymer
is heated during or after mixing. Once the polymer has malted, the
polymerfbone fragment mixture 92 1s delivered from the temporary
chamber 86 o the cavity by collapsing the diaphragm 88 so thet the
palymer mixiure wilt flow into the cavity due to the farce of gravity
(Fig. 4E). The surgeon coliapses the diaphragrﬁ by operating a
switch on the surgica! device which inflates end deflatas the
diaphragm, in the same manner that balloen catheters are
conventionally acfuated. The remaining stéps of the procedura,
shown in Figs. 4F-44, are conducted in the same mariher as the
sieps shown in Figs. 2E-2J and discussed abuve, except that bone
fragments and debris are collected and mixed into tha polymer each
time a cavity is drilled.

An alternate surgical procedure, used to form a single, holt-
like polymeric anchar, is stiown in Figs. 5-6F. This procedure utilizes
a surgical instrument 216, which includes a cutting taol to pierce soft
tissue and form a cavity in bone, a supply of polymer and a heating
element to melt the polymer, a cannulated tube {o guide the cuiting
tool and deliver the polymer to the cavily, and a compounder thet is

‘constructed to form a melding cavity for shaping the *head” of the

bolt-like anchor.

Referring to Figs. 5-6F, a surgical instrument 216 is pressed
against the soft tisste 20, which is in tuh pressed against the bone
surface 24 (Fig. 5), and a cutting tool, €.g., a drill bit 26, is used i
pierce soft tissue 20 and form a cavity in bone 22 (Fig, SA). Ths
cutting toof is then retracted {(arrow A, Fig. 58), and a moiten
polymer 2B (e.g., melted as described above) is injected into the
cavity (arrow B, Fig. 5B) through a cannula of the surgical instrument
216
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Next, a compounder 34 (a part of surgical instrument 16 that

has been refracted in previous steps) is extended {arrow A, Fig. G}
50 that the fip 36 of the compounder presses against soft tissue 20
to hoid it against bone surface 24, Meanwhile, the cannulated head
32 of the surgical instrument 16, through which the patymer is
delivered, is retracted a short distance so that, with tha cylindrical
wall of the campounder, it defines a small molding chamber,
Polymer continues o be delivered through the cannula of the
surgical instrument and this pelymer fills the malding chamber ta
form & polymeric “bolt head” 38 (Fig. D). The bolt head 38 is
intagral with the polymer in the cavity, which extends through the soft
tissue 20. Thus, the polymer forms a balt-like ancher that secures
the soft tissue to the bone (Figs. BE and BF). ’

As shown in Figs. 5E and 5F, the procedure is completed by
removing the surgical instrument 16 {arrow A, Fig, 5E) and snipping
any excess polymer off at the top of ihe bolt head. The manner in
which the polymer is snippsad off Is not shown; if this step is
necessary, it can be performed using a clipper attachment {o the
surgical instrument 16, or using a separate device such as a scalpel.
The procedure show in Figs. 5-5F can be performed using an
attachment 225, shown in Fig. €, mountsd on the handpisce 52 that
is shown in Figs. 3-30 and discussed above, The handpiece 52 can
be used with a wide varisty of interchangeable attachments, suitable
for use in various pracedures of the invention. For example, as
shown in Fig. 7, the handpiece can be used with altachment 54 ta
perfarm a stitching procedurs, with attachment 225 to form a bolt-like
polymeric anchor using the procedure shown in Figs. 5-5F, and with
attachments 250 and 300 ip parform soft tissus to solt tissue fixation
procedures that will be described below.

Attachment 225 is similar o atiachment 54, discussed above,
axcept that it doas not include a chambar or cavity for recelving a
polymer pallet. Instead, a polymer rod 226 (Fig. 8A) is advanced
through the handpisce using the suture delivery function. The
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polymer rard 226 includes a grommet {nof shown) at its distal and

228, 10 prevent gas from escaping through end 181°. Also, the
guide/heating device 178’ includes a compounder 227 which defines
a molding chamber 229, as discussed abave. The compoundar 227
fs moved axially by the surgecn as discussed above with reference
to Figs. 5C-5E.

in anather embeodimant, fixation methatls are provided for
attaching saoft tissue to soft tissue. These fixation methods are
suitahle for use, far sxample, in [aparoscopic surgery. Procedures
and devices for scfl tissue fo soft tissue fixation are shown in Figs. 8-
11 and described below

A first procadure, which forms a pofymenic “rivet”, is shown in
Figs. 8-8F This procedure uses a surgical instrument 316, which
generally includes an inner, axially movable tube having a sharp tip
for piercing through soft tissue, and & cannulation in communication
with a number of openings for delivery of hot and cold air from the
inner tube, The surgical device also inciudes an outer tube, on
which is mounted a polymeric sheath that will be softened and
shaped by the delivered air ta form the rivet, and a compounder,
surrounding the auter tube, that includes a flarigs for directing the air
and shaping the polymeric sheath into a rivet shaps.

Referring e Fig. 8, two paortions of soft tissue 20a, 20b, are
compressed together {arrows A, Fig. 8), using known surgical
tachnigues, Next, the tip 251 of an inner, axially movable tube 253
(Fig. ) of surgical device 316 is punched through the soft tissue
{Fig. BA). A pelymeric sheath 252 is mouniad on outsr tube 257,
and a partian 252a of the polymeric sheath is camrisd through the
soft tissue and out the other side. The palymeric shaath is held in
place by ridges 255 on outer tuhe 257,  Quter fube 257 is
suwrounded by compounder 253, the function of which wiil be
described below.

Hot air {arrows H, Fig. BB) is then directed out of side
openings 254 of tip 2561, end cold air {arrows C, Fig. 8B) is directed
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out of tip openings 256. The hot air melts the polymeric sheath, and

the cold air forces it downward (armows D, Fig. 8B} against the saft
tissue (Fig 8P). The hot air is generated at the tip due to the
reigtionship between the air pressure being forced out of the fip and
the size of side ppenings 254

The inner tube 253 of instrument 250 Is then withdrawn
through the polymeric sheath until the side openings 254 are aligned
with pertion 252b of the polymeric sheath (Fig. 8C). Hatair is
direcled out through the side openings 254 (arrows H, Fig. 8D) to
melt portion 252b. Flange 260 of compounder 259 is then pressed
against portian 252b, while cald air is directed aut through tip
openings 256 (Fig. BE), solidifying poriion 252b in place against the
soft tissue (Fig 8F). The air is directed by flange 260, which also
sarves to press portion 2528 against the soft tissue.  The surgical *
instrument 3186 is then withcrawn {Fig. 8F}, leaving a rivet-like
anchor 262 {Fig. BG) to hold the soft tissue firmly fogether.

A surgical instrument attachment 250, for use with handplece 52 ta
form & surgical instrument 316 suitable for performing the procedure
shown in Figs. 8-8F and described above, is shown in Fig. .
Atrzchment 25¢ includes the componsnts described above with
reference to Figs. 8-8F, and can be mounted on handpiece 52 in the
same manner as attachment 54, discussed above.

An altsrnative procedure for fixing soft tissue to sofi tissug is
shown in Figs. 10-10H. This procedure is performed using a
surgioal instrument 416, which generally includes an inner tube
having a shaxp tip for piercing scft tissue and & cannulation for
delivery of polymer. The surgical insfrumeant 416 also ngludes a
device far releasably mounting a porous sheath over the inner tube.
First, the soft lissue is compressad and is plerced by the sharp tip of
surgical device 416 (Figa. 16, 104), as described above with
refarence to Figs. 8 and 8A. The distal end 208 aof a porous sheath
302, e.g, a braid or mesh, is gripped by a releasable chuck 304. A
small polymer wald (not shown) near distal end 306 of the sheath
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keeps the sheath from being forced backwards during the piercing

stap.

The inmer tube 308 is then withdrawn stightly (Fig. 10B),
breaking the polymer weld and leaving the sheath 302 in position,
and molten polymar 28 is delivered down the central cannulation of
inner tubs 308 and out of tip openings 310 {Figs. 10C, 100). The
polymer blaeds out of the open end of sheath 302, and also out
through tha open structure of the mesh or braid, forming & “blob”
312a of polymer on top of the soft tissue and adhering the side walis
of the sheath to the side walls of the apening in the soft tissue (Fig.
100). The inner tube 308 is then withdrawn further, while confinuing
to deliver polymer through openings 310, filling the sheath with
polymer and forming a “bleb” 312b of palymer on the side of the soft
fissue cpposite blob 312a. Thus, the polymer defines a LoliHike
anchor extending through the soft tissue.

To complete the procadure, the sheath is released from chuck 304
(Fig. 10G), the attachment 30C is removed, and any excess sheath
materiat is ghipped off {Fig. 10H).

An aftachment 300, suitabie for use with handpiece 52 to form
a surgical instrument 416, is shown in Fig. 11, Attachment 300
includes the components described above with refarence to Figs.
10-10H, and can be mounted on handpiece 52 in the 5ame manner
as gittachment 54, discusssd above.

An aiternative soft tissue 10 bane fixation procedure is shown
in Figs. 12-121, In this procedure, a bone core is used to provide an
osteoconductive medium within the polymeric ancher. This
precedure is perfarmed using a surgical Instrument 516 that includes
a cutting toal that is capable of forming in bone while leaving a bone
care exlending upwerd from the base of the opening. The stngical
instrument 516 is canstructed to deploy a tubular suture over the
core, and detiver a polymer o the opening.

First, soft fissue is pierced, and a cavity is drilled {Figs. 12-
12B). The cavity is drilled using a cannulated cutting tool 331 that is
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constructed 1o leave a bone core 330 in the cavity (Fig. 12C). A

flexible sleeve 332, e.g., a braided hollow suture, is deployed over
the core 330, as shown in Fig. 12C. Polymer 2B is then delivered to
the cavity {Figs. 120, 12E) around the sleeve 332 and core 320, and
impregnates the sleeve 332, Mere palymer is deliverad, while
retracting the surgical instrumsnt (Figs. 12F, 126), to form a blob
334 on the swiace of the soft tissue, ancharing the soft tissue
against the borme (Fig. 12H). Any excess slesve material is then
snipped off {Fig. 121). The presence of the bone core in the anchor
will tend ta increase bone rémadeling, and thus the suture may
beceme embedded in bone more rapidly than would ccour if the
bane core were not presant.

Another aiternative sofl tissue to bone fixation procedure is
shown int Figs. 13-13J. In this procedure, a suture is anchored in &
cavity, using polymer, and a fixation device 340 is deployad around,
and adheraed to, the suture above the soft tissue to mechanically
clamp the soft tissue in place. This procedure provides a low-profile
anchor that may ba ussful in low clearance areas to prevent
impingement. This procedure is performed using a surgical
insirument 616 that inchudes a cutting toal to pierce soft fissue and
form a cavity in underlying bone, a cannulated tube for delivery of a
suture and polymer to the cavity and deployment of a fixation devica
around the suiure, and & compounder to press the soft fissus
against the bone and the fixation device against the soft tissue.

As shown in Figs. 13-13C, soft tissue is pierced, a cavily is formed,
and suture and polymer are delivered as discussed above, e.g., with
regard to the procegures shown in Figs. 2-2K. Next, whila holding
down the soft tissue with a compounder 338 (Fig. 13D), an
expandable fixation device 340 {s deployed around tha sufure to
clamp the soft tissue in place (Figs. 13E-13G). The expandable
fixation device 340 includes a central region 341, having a bore 346,
and a plurality of wings 354 extending radially from the central
region. Wings 354 are joined to central region 341 by a plastic hinga
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having a memory that bisses the wings toward an cpen position (Fig.

13F), white allowing the wings to be moved to a compressed position
{Fig. 13€) so that the device can be deplayed through a cannula.
Thus, fixafion device 340 is compressed and placed in delivery fube
338, with a suture 347 threaded through central bore 346, and is
depiayed by pressing down on the fixaticn device 340 with a
cannulated probe 343 (Figs. 13F-G). As the fixation device exits the
compounder 335, the wings 354 expand outward tc their nermal
position (Fig. 13F), and the compounder 335 presses the fixation
device 340 down fo flatten it against the soft tissue (Fig. 13G}.
Barbe 342 o wings 364 hold the fixation device 340 in place against
the soft lissue, in its flattened positior. The sutura 34? is than
snipped (Fig. 13H), and a blob of polymer 344 is delivered on top of
the fixation device to cover bore 346 and adhere ta the suture,
ancharing the fixation device in place {Figs. 131 and 13J).
Praferahly, fixation device 340 is formad of a resorbable plastic.
Many different types of cuiting tocls may be used in the procedures
of ihe inventicn. Generally, it is preferred that the cuiting tool not
compact the bone fragments and debris into the side wali of the
cavity, as this may impade infiitration of the potymer into the
trabecular network surrcunding the cavity Thus, for example, 3 twist
drill is generally preferred to a compacting drill. Some of the types of
cutting taols that may be used are discussed below.

Referring to Figs,14-14D, the cutting teol may be a drill bit 94
that is consumable, i.e., the drilt bit is formed of a polymer that melts
during drilling (Figs. 14B-14C}, as a result of the haat generated by
friction, to fill the cavity with molien polymer. A suture 95 is attached
to the drill bit 84, so that the suture is delivered with the polymar and
left behind when the surgical instrument is refracted (Fig. 14D). In
this case, it is generally preferred that the drill bit be coated with a
very thin layer of porous cerarnic, just thick enowgh to provide the
drill with sufficient hardness tc pensirate the cortical bone and
sufficiently thin so that the polymear will b2 able to melt during drilling.

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

15

20

25

ao

(50)

25
The ceramic can be applied by firing, plasma coating, deposition, or

other suitable methods. Altematively, & thin, hollow caramic preform
can ke formed and then filled with polymer. Preferred polymers
haye a sufficiently low melting point to melt under drilling friction, and
sufficient strength to contribute mechanical strangth ta the drill bit.
The suture 95 may be conductive, to allow it to serve as a heating
element to assist in melfing tha polymer if drilling does not generate
sufficient heat.

Figs. 15-20 show various suitable cutting ool geametries.
Figs. 15 and 15A show a perforated drill 100, including openings 56
and sheath 8. Perforated drill 300 is useful when bone
tragments{debris are o be callected far incorparation intc the
polymer (as discussad above with reference fo Figs. 4-4J), and
when i is necessary that the cutting taol oscilfate, #ather than
rotating (.., to avoid cutting ar breaking a suture between stitchas),
Figs. 16-16A show a configured head 102, having a blade 103 that
includss an opaning 104 through which a suture can be threaded for
delivery, and a barrel 105 dsfining a 'umen 106 for suture and
polymer delivery. Lumen 106 is generally substantially coaxial with
opening 104.

Figs. 17-17A show an awl 110. Awl 110 includes a plurality of
retractable "petals” 112, which when <losed {as showr: in Fig. 17)
define a drill tip. When open {as shown in Fig, 17A), the petals 112
aliow polymer and suture to be dalivered through lumen 114. The
petals may be opened and clased using a spring mechanism (not
shown) or other suitable actuator.

Figs. 18-18A show a cutting head 120 having blades 122
radially extending cross-wise across an opan fumen 124. Anopen
arga between the blade tips defines an ayelet 126, to allow delivery
of & knotted suture.

Fig. 19 shows a harer 1286, inciuding & plurality of serrated
cutting/abrading tukes 128, a central lurnen 130 through which
pelymer and suture can be delivered, and an extraction tube 132 for
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drawing bone fragments/debris away from the cutting site by suction,
If desired, the contents of the extraction tube can be fed inta the
barre} af the borer, ar elsewhere inte the surgical instrument, at 5
lecation whera the bene fragmentsfdebris can be blerded inta the
polymer pricr ta delivery of the palymer.

Figs. 20-20B show a twist dril} bit 134 having a delivery
channel 136 for delivery of polymer and suture. The inner wall 138
aof the delivery channal, in the vicinity of the tip 140 of the drill bit,
may be abrasive, sc as to break up the bene "core” 142 (Fig, 208} if
a bone core is not desired.

GCuling car also be accomplished using other techniques, such
as laser, ulirasonic or water jet cutting. For example, water jet
cutting could be performed using the saline supply that is present in
the operating room. 1n fnis embodiment, a dynamo generater would
‘be inciuded isx the surgical instrument, io power the water jet, and
the surgical instrument would include an adapior to allow the saline
supply ta be plugged in to the surgical instrument, Cther suitable
techniques inchide crush indentation, hot needle drilling, thermally
degrading the bone, 8.g., with RF ablation, and cryagenic freeze
fracturing. In some implementaticns, it is preferred that the cutiing
method be capable of forming a very small diameter cavity, e.g., less
than 2 mm and preferably less than 1.5 mm. To form such a smatl
diameter cavity, cuiting may be performea using microtooling.
Because a conventicnal bone anchor is not needed in many of the
procedures of the invention, the cavity can be made smaller than the
diameter of such anchors, thereby preserving more certical bone,
limiting trauma, and potantially improving the pull-out strength of the
anchor. When a very small diameter cavity is used, e.g., lessthan 3
mm, the cortical bone will tend tc grow back over the cavity, further
increasing the strength of the anchor.

While in the embodiments discussed above the polymer is
generally provided in the form of & powder or pellets, the polymer
may be provided in any desired form. For exampie, the polymer
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may be contained in a cartridge that can be heated using equipment

that is svailable in the operating room, e.g., an autoclave or heated
bath. Thus, the cartridge can be preheated prior lo surgery, and
then inserted into a surgical instrument {not shown) that is adapted
to puncture the cartridge for delivery of the polymer. The palymer
may also be provided as a rad, or in the form of fibers or strands to
increase is surface area and thereby decraase meliting time.

The polymer can be heated using any suitable methad.

Preferred methods will heat the polymer in a controlled manner, to a
temperature just above its melting temperature, to avoid cverheating
and possible thermal fraurmna to the tissue and bene at the delivesy
site. To expedite the surgical procedurs, it is preferred that heating
geoeur within 2 minutes or less, unless the polymer is provided in &
cartridge and is pre-heated, e.g., in an autoclave. One suitable
method is to pravide a heating slemaent in the surgical instrument, as
discussed above. Preferably the heating element is
thermastatically controlled to prevent overheating of the polymer.
QOther suitable heating methods include ultrasound (which may aiso -~
be used to form the cavity], uss of the drive mechanism of the
surgical instrument to heat the polymer, use of a conductive suture
embedded in the palymer as a heating flament, taser (e.9., by
insluding an indicator dye in the polymer and using 2 laser frequency
that would not burn the tissue at the delivery site but would meit the
pelymer), and radia frequency and induction heating.

The suture material, if a suture is used, may be resorbable or
non-resorbable. I is generally preferred that the suture materiat be
praided, rather than monofilamentary, for greater surface area and
surface roughness, 1o enhance pull-out sirength. However,
mancfilament may be used ¥ desired. A loose braid is generally
raferred, as the spaces in the braid snhance polymer infiltration. A
“bird's nest” arrangement of suture can also be formed by feeding
suture out into the cavity and allowing it fo pile up loosely in the
cavily. Preferably, the suture dees not include a polymeric coating.
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Suitable suture materials include polyesters, polyamidss, e.g. Nylon,

polybutester, polyglycolic acid, polyglyconate, poly-L-lactic acid and
polydiexanone. It is generally preferred thal the suture have a high
tensile strength, i.e.. sufficient strength so that the made of failure
during pull-out testing is not premature suture failure.

The suture may also include any desired featurs ar
augmentation. Far example, the suture may include ona or more of
the suture augmentaticns shown in Figs. 21-291G i.e., a knot 400 or
knot bundle 402 (Figs. 21 and 21B), a sphere 404 (Fig. 21C and
21E}, a shaped element 406, &.g., a larger diameter portion {Fig.
214), a flexible 4-way connaector 408 (Fig. 21B) or a t-bar 412 (Fig.
21@), or a plurality of barbs 410 {Fig. 21F). If positioned on top of
the soft tissue after the suture is anchered in place, the suture
augmentations shown in Figs. 21-21G may secure the scft tissua in
place against the bone. If positioned in the cavity and surrounded by
polymer, these features may increase the resistance of the suture to
pull-out. Other foaturas that will provide these or other functions
may aiso be used.

Suitable polymers are thermoplastics that are acceptable for
use in the body and can ke delivered to a surgical site in & moiten
state. Preferably, the polymer will have a calatively low melting
temperature to prevent thermal damage to tissue and bone during
injection. For optimal deliverability, it is generally preferred that the
polymer have an inherent viscosity of greater than about 0.6 dlfg,
preferably about 0.6 to 0.7 dlfg, and an average molecular weight of
greater than about 60,000 Mw, preferably abaut 60,000-70,000 Mw.
The inherent viscosity is measured in chloroform, using the test
described af col, 4, lines 33-36 of U.S. Patent No. 5,679,723, which
is incorporated herein by reference.

Preferably, the palymer used includes a resorbable palymer,
8.g., polycaprolactone (PCL), which will slowly resorb during the
natural healing process. The polymer may also include a non-
resorbahle polymer, e.g., poivpropylene, polyacetal, palyethyiene or
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poiyureihane. The polymer may also include a blend of diffarent

resorbatie polymers that resorb at different rates, .4, blends of two
or more of the following patymers: polycaprolactone (PCL), poly-
lactic acid, poly-DL-1actic acid, polyglycelic acig, polydioxanong,
palyglyconate, polytrimeitiylana carbonate, and capolymers of poly-

"Lrlactic acid, poly-DL-factic acid, polyglycolic acid, palydioxanone,

palyglysanzte, palytrimethylens carbonate, poly(hydraxyallkorates)
{PHB, PHO, PHWY), polyorthoestars, polyanhydrides, poly(pseudo-
amino acids), poly{cyanoacrylates), poly(ester-anhydrides),
polypxalates, and polysaccharides. Other suitable polymers include
poly-4-hydrosgybutyrate (4PHB) and poly{alkylens oxalates).

As the polymer resorbs, the remaining, porous pelymer
resembles the trabecular network and thus encourages infiltration of
osteoclasts, which cause breakdown of the polymer, and.
ostecblasts, which generate new bone. To encourags bons growth
inte the polymer, it is prefered ihat the polymer include an
pstecconductive fillar, 8.g., hydroxyapatites {HA), caloium sulfates,
tricalcium phosphates, bicactive glasses, araganite, calcite, and
mixtures of thase fillers. A suitable level of osteaconductive filler will
encaurage hone growth without an unacceptable reduction in the
deliverability of the polymer, Preferred levels are ganeraliy from
about O ta 40% by volume, most preferably about 30 to 40% by
volume. Instead of or in addition to a conventional ostecconductive
filler, the palymer may include bene fragments and debris, as
discussed above. If bone fragments are used withaut anothar fitler, it
is generally preferred that the polymer include from about 0 to 60%
bone fragmants by weight, more preferably about 20 to 50% by
weight,

The procedures discussed above may be used in many typas of
soft tissue fixation, including rotator cuff repair; instability repairs of
the shoulder (e.g., SLAP, Bankart \esions, labral reattachment};
repair or supplementation of anchors, screws and interfarence
screws for attaching ACL awtografts and allografis (e.g., bone-patella
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tendon-bone, Semigracilis, tendinosis, quadriceps autograft), and

ACL repairs or revisions (.., whera there is micromovement dug to
laosening of the fixation means and subsequent movement of the
graf, or as a sealant to eliminate synovium fluid fiew inte bone hele
cavities in ACL repair).

Endascopic delivesy of palymer may also be used in other
applications, such as chondral repair, filling of harvest site defacts in
mosaicplasty, as an autograft diluent, refixatian of small any
fragmenis, repair of osteochondritis dessicans (OCD) (i.e., by using
injactable polymer to endescopically reattach a Joose flake of bone
or cartilage, rather than pirning the flake in place), for spinal fusions,
meniscal repair, fracture repair of non-load bearing bones,
supplemantation or augmentation of cancellausfoortical screws for
lohg bone fractures especially In compromised or deficient bone,
supplementationror augmentation of suture anchoring devices, in
laparoscopic procedures to re-atiach soft tissue to soft tissue or soft
tissue to bane, and plastic surgery to aid in facial reconstruction.

Anchars of the invention generally provide geod pull-out
strengths, Puil-out strength will vary depending upon the suiure,
suture augmentation, number of suturss, and polymer used. For
example, reduced pull-out strengths will be abserved if a relafively
waak suturs matarial is used and the mode of failure is breakage of
ths suture, However, preferred anchors of the invention generally
provide pulkout strengths of at lzast 150 Newlons, with some
anchors providing strengths in excess of 300 Newtens, when tested
in accerdance with either of the test procedures {Test Procedures 1
and 2) described below. Pull-out strength is measured on cadaveric
samples (shoulders) and on sawbone blocks {artificial bone), using
the foliowing test pracedures.

Puli-Out Test Proceduras
Test Pracedure {: Cadavenc Samples
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All of the shoulders used would be harvested from frash specimans,

i.e., unpreserved, and stored at approximately -10 degreas Celsius
until necessary for testing. Befare testing, the specimens would be
allowad ta thaw to reom temperature before dissecting and sampla
preparation.

The humearus would be prepared for the repait of a rotafor cuff fear
at the bony site. A cavily woulgt ba drilled to & depth of akout 10 mm
using a twist drill bit having a dlameter of 3.3 mm. A suture, .9.,

' Spectra thread or similar suture material, would he dalivered to the

cavity, and the cavity would be filled with polymer. The polymer
would be aitowed to harden/sei, after which ihe sample would be
placed in an Insiran servo-fydraulic testing machine, with the suture
orientated parailel in relationship to the force applied by the testing
machine. ‘ '

The samples would be held in an appropriate vice/clamp
which is itself attached to & 3-axis vice to permit the preciss
crientation of the samples being tested, using an appropriate Instron
sarvo-hydraulic tesling machine and associated tnstron Max
software, at a displacement rate of 8.5 mmisec.

Test Procedure 2: Sawbone Biock Samples

Samples would be prepared and tested as described above in Test
Procedure 1, except that instead of a cadaveric humerus, the anchor
wauld be formed in & sawbone block. A suitable sawbone block
material is comrnercially available from Pacific Research, under the
{radename "Sawbones”.

Other smbodimants are within the claims.

For example, although in maost of the embodiments discussed
above polymer is used as a substiiute for a conventional bona
anchar, in soma cases it may be desirable to use tha polymer to
supplement the anchoring provided by a cenventional anchar, e.g.,
by applying the palymer on top of or around the ancher when the
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anchor is placed. This cption could be useful, for example, in cases

in which the surgeon chooses {o use a cenventionat anchor and the
patient will be on an aggressive renabilitation schedule.

Alsa, in some applications bone fragments harvested at one site
may be mixed with pelymer and injected at a second site in the
same patient. ‘This pracedure may be used, for example, in cases in
which the bone at the injection site is diseased or compromised, and
fresh bone is desired as an autologous filler, 0 addition, bone
fragments can be mixed into polymer within the cavity that is being
formed, rather ihan extracting the bone fragments first as described
above. This will ocaur, for example, when the drilf bit is consumahble.
Additionally, in certain circumstances muttiple "bolt-like" palymer

_ anchars could be used to attach 2 region of soft tissue i hone,

ratter than using a row of connected stitches.

Moreover, while the endoscopic procedures described above are
generally preferrad over open procedures because e endoscopic
procedures are less invasive, simiter techniques can oe used in an
open surgery environment if desired,

Further, while thermoplastic polymets have been discussed
abave, the potymer may be delivered in liguid, non-molten ferm and
cured or dried in situ. For exampla, the polymer may be a thermoset
polymer, .9., 2 UV or [aser curable matarial, may be electrolytic
gelling, or may be in the farm of 2 hydrogel (8.g., pH sensitive or
ionic sensitive), a pluronic, ar a
sol-get system, e.0. a pelxamer polyol.

Maorecver, non-polymetic flowable materials may be used in placa of
the polymer, .g., injectable bone cements such as polyacrylic
aridfdivalent metal ion cemants,
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CLAIMS

1. A method of securing & fixation device within an apening in a
tissue, camprising:
delivering a material in a flowable state to said opening, and
changing the state of the material so that the material farms
an interference fit that secures the fixation device in the opening.

2. The method of ciaim 1 wherein said tissus comprises hone.
3. The method of ciaim 1 wherein said tissue comprises soft tissue,

4. The methed of claim 1 wherein said fixation device is selected
from the graup consisting of suture, anchors, and screws.

5. The method of claim 1 whergin the changing step comprises
allowing the material to at least partially harden.

6. The method of claim 1 wherein the changing step comprises at
least partially cross-linking the materal.

7. The methed of claim 1 wherein said material comprises a
pelymer.

8. The methid of claim 7 wherein said polymer comprises a
thermoplastic palymer.

9, The methed of claim 1 wherein said material comprises a
hydragel.

10. The method of claim 1 further comprising using the fixation
device ta secure a second tissue to the tissue having the opening.
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11. The method of claim10 wherein the tissus having the opening
comprises bone and the second tissue comprises soft tissue.

12. The methad of claim 11 further comprising, prior to delivery of
the material: )
piercing the soft tissue;
forming the opening in an underlying area of the bene; and
delivering the fixation device through the pierced tissus;
wherein the fixation device is constructad 10 hold the soft

fissue in place against the bone.

43. The method of claim 12 wherein the fixation device comprises a .

sufure.

14. The method of claim 13 wherein the suture includes a region of
increased surface area to enhance anchoring.

15. The method of claim 14 wherein ssid region is salscted from the
group consisting of knots, barbs, braided areas, balls and shaped

elements.

18. The method of claim 12 wherein all of the steps are parformed
sndoscaopicaily.

17. The methad of claim 12 further comprising incorporating bone
fragments generated during the forming step into the material during

ar prior o the delivering step.

18. The methed of ciaim 12 further comprising causing the material
to infiitrate the trabacular netwark
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19, The mathad of claim 1 further comprising ncorparating bone

fragments into the flowable matarial during or prior fo the delivering

step.

20. The mathod of claim 1 wherain the flowable material includes an
osteaconductive filler.

21. The methad of claim 1 further comprising sausing the flowable
material to infiltrate the trabecular network

22. The method of claim 1 further comprising forming said opening.

23. The method of glaim 22 wherein the forming step is performed
using mioro-tocling.

24. The method of claim 1 wherein the opening has a diameter of
less than about 3 mm.

25, The method of claim 12 or 22 wherein the forming step
comprisas farming the opening using a consumable cutting tool, 2nd
the delivering step comprises causing the cutting tool to melt in
response to frictional heat generated during the forming step.

28. Tha method of claim 12 or 22 wherein all of the steps are
performed using a single endascapic surgical tool having a plurality
of aftachments, and the tool is not removed from the patient until
after the steps are completed.

27. Tre methed of claim 22 wherein s&id formring step comprises
farming the opening with 2 cutting tos! having a detachabla portion,
and the method further comprises detaching the detachable portion
in the opsning after tne forming step is compleled, to sevve as the
fixalion devica.
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28. Amethod of anchoering soft tissue to bone comprising:
piercing ihe soft tissue;
forming an opening in an underlying area of the bans;
delivering a material, in a flowable state, to the opsning; and
molding a partion of the material that is not in the opening to
form a fixation device constructed {o hold the soft tissue in place
against the bone after the material changes State to a relatively less

flowable state.

29. The methad of claim 28 wherein the moiding step includas
forming a portion of the material into a shape that extends radially
aver & portion of the soft tissue surrounding the opening.

30, The method of claim 28 whersin the farming step includes
drifling or abrading.

31. The method of claim 28 wherein all of the steps are performed

endoscopically.

32. The method of claim 28 further comprising incorporating bane
fragments generated during the forming step into the material during
or prior to the delivering step.

33. The method of claim 28 wherein the material comprises an

ostecconductive filler.

34. The methed of claim 28 further comprising causing the material
to infiltrate the trabacular network

35. Tha method of claim 28 wherein the opening has a diameter of
less than about 3 mm.
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36. The methad of claim 28 wherein the opening has a diamater of

from about .1 {o 6.0 mm.

37. The method of claim 28 wherein the ferming step is performed
using micro-teoling.

38. The method af claim 28 wherein the material comprises a

polymer.

39, The mathod of claitn 28 wherein the formed portion extending
radially over the soft tissue is cosxtensive with the material in the
opening, defining & bolt-like anchor.

40. A method of fixing soft issue to bone comprising:

(=) at a first location, piercing through the soft tissue;

{b) forming an opening in the bone underlying the soft tissue,

{5} delivering a fixation device through the pierced tissue to
the cpening;

(d) delivering & material, in a flowable state, to the opening;
and

(e} causing the material fo change state, to a relatively less
flowable state, to anchor at least a portian of the fixation devica in

the opening.

41. The method of claim 40, wherein said fixation davics is selected
from the group consisting of suture, anchors and screws.

42, The mathod of claim 41 wherein said fixation device i3 a suture.
43. The method of claim 42, further comprising:

{f) drawing the suiure across the soft tissus o a second

location, and
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(@) repesting steps (2) - (@) at the secand location to form &

stitch with said sutura between the first and second locations, the
stitch securing the soit {issue to the bone.

44. The methad af claim 40 furlher comprising gripping the soft
tissue 1o hold it in place against the bone.

45, The method of claim 43 further comprising, after step (), (h)
cutting the suture.

4G. The method of claim 45 comprising perferming steps (a; and {h)
with a single tool.

47. Thne methad of claim 40 further comprising performing steps {a)
- [d} endoscopically. '

48, The method of claim 43 further oomprising repeating staps (f)-
(@) at subsaguent locations 1o form a ling of connected stitches.

48, Tha method of claim 40 comprising performing steps (c} and (d)
substantiafly simultaneously.

50. The method of claim 40 comprising performing step (¢} prior to
step ().

54. The method of claim 42 comprising delivering the suture as a
continucus length from & suppiy of suture material.

52, The method of claim 40 comprising providing said material in
the farm of a psllet, powder, chips, flakes or rod, and further
comprising maiting the material prior to delivery.
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53. The method of claim 40 further comprising incarperating bone

fragrments ganerated during the forming step inte the material during

or pricr to the delivering step.

54. The method of claim 40 further comprising incorporating an

osteoconductive filler into said material.

55. The methad of claim 40 further comprising causing the material,
in its flowable stats, 1o infilirate the trabecular netwoark

56. The methad of claim 40 whersin the forming step comprises
forming a epening having a diameter of less than about 3 mm.

57. The mathod of claim 54 whérain the opening has a diameter of
from about 0.1 fo 6.0 mm.

58. The method of claim 40 wherein the forming step comprises

drilling or abrading.

59. The methad of claim 40 further comprising performing the
forming step using micro-toaling.

8D. The method of claim 40 wherein the methiod comprises
performing the forming step in the bone of a human shoulder.

&1. The method of claim 60 wherein the methad comprises a rotator

cuff repair.

62. Asurgical instrument jor fissue fixation comprising:

a handpisce construcied to be held by a surgeon during 2
fixation procedure; and

g fixation instrument, mounted an the handpiece and

comprising
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& piercing element constructed to pierce through the tissue

and farm an opening therein; and
a lumen for delivery of a material, in a flowable state, and a
fixaticn device to the opening.

63. The surgical instrument of claim 62 whersin ihe fixation device

camprises a sufure.

64. The surgical instrument of claim &3 further comprising & suture
feed mechanism constructed to detiver the suture through the lumen

ta the apening.

65, The surgical instrument of claim 52 wherein {he surgical
instrument is constructed for endoscopic use,

B6. The surgical instrument of claim 62 further comprising a heating
element for heating said material 1o & molten, state.

&7. Tha surgical instrument of claim 66 wherein said heafing

element is mounted on said fixation instrument.

68. The surgical instrument of claim 64 wherein said suture feed
mechanism comprises a movable needle.

69, The surgical instrument of claim 63 further comprising & probe
constructed 1o tighten a stitch fonmned with the sutuse.

70. The surgical instrument of claitn 69 wherein said probe is
mounted on an external surface of said fixation insirument.

71. The surgical instrument of claim 7G wherein said probe is
construsted to be manually actuated by a surgeon during an
endosecopic procedurs,
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72. The surgical instrument of claim 62 wherein said handpiece
comprises a reservair for recaiving the material in salid form.

73. The surgical instrurnent of claim 72 whersin said reservortr is
constructed to receive a supply of pellats of tha material and said
handpieca further comprises & machanism for delivering said pellets
from said reservoir to said lumen,

74. The surgical instrument of claim 72 wherein said reservair is
constructed to raceive a supply of powdered material and said
handpiece further comprises a machanism for delivering a
predetermined dose of powderad material from said reservoir to said
lumen,

75. ‘The surgical instrument of claim 62, wherein said fixation
instrument is detachable fram said handpiece.

76. The surgical instrument of claim 62 further comprising a mixing
davyica constructad 1o mix bone fragments and debris generated
during cpening forming into the matsrial prior to delivary ta the .

apening.

77. The surgical instrument of claim 62 further comprising a drive
machaniem constructed to drive the piercing element.

78. The surgical instrument of claim 64 further comprising a drive
mechanism constructed to drive the piercing element and the suture
feed mechanism.

79. The surgical instrument of claim 77 or 78 whersin the drive
mechanism is disposed in said handpiece.
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80, The surgical instrument of claim 78 further comprising a chateh

mechanism canstructed to allow a surgeon to selectively engage
and disengage the drive of the plercing element and the drive of the

sufure feed mechanism.

81. The surgical instrument of claim 62 further comprising a
resarvoir for raceiving & supply of the material,

82. The surgical instrument of clzim 62 wherein said handpisca is
constructed to receive atiachments other than said fixation

instrument.

83, The surgical instrument of claim &3 wherein said piercing
olement is constructed to cut said sufure.

B4. The surgical instrument of claim 62 wherein said fixation.
instrument is constructed to perform a camplete fixation procedure
without removing the fixation instrument from the surgical site.

85. Asurgical instrument constructed to perform the steps of the
method of claim 1 endoscepically.

B5. A surgical method comprising:

{a} forming an opening in bone of a patient;

{p) incorporating bone fragments generated during the
forming step inta a polymer as an autolagous filler to form a
bone/polymer blend; and

() delivering the bone/polymer blend, in a flowabls state, to
the patient;

whersin steps (a)-(c) are performned endoscopically.

g7. The surgical method of claim 88 whersin the bone/polymer
bland is delivered to the opering.
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88. A method of securing & first layer of soft fissue ta a second layer
of soft tissus comprising:

forming an opening extending through hoth layers of soft
tissue;

delivering a material, in a flowabte state, thicugh the apening
so that the fiowable matérial extends beyanid the soft tissue at sach
end of the opening; and

causing the material to change siate, o a relatively less
flowable state, forming an anchar to secure the two layers of soff
tissue together.

89, Amathod of securing a first layer of soff tissue 1o a second layer .
of soft fissue comprising:

farming an apening extending through both layers of soft
tissue;

delivering & thermoplastic member fo the opening, 2o that a
portion of the member extends beyond the soft tissue at each end of
the opening;

sofiening the extending portions of the member; and

forming each of the softened extending portions sc that each
extends radially over a partion of the soft tissus to securs the fwo
layers of soff tissue together.

90. The method of claim B9 wherein said member comprises &
hollow fube.

91. The method of claim 90 wherein the forming step resulfs in a
rivet-like anchor.

92. Amethod of securing two tissues together comprising:
forming an opening extending through the two tissues,
delivering a materia!, in a fiowable stats, to the opening, and
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causing the material to change state, o a relatively less

flowable state;
wherein the material forms an anchor that secures the two

tissues together.
93, The method of claim 92 wherein said anchor comprises a bolt-

like anchor.

84. An endoscapic instrument for securing two tissues tagether
comprising:

a piercing device constructed to form an opening extending
through the two tissues; and

a dofivery device constructed to deliver a material, ina
flowsble state, and a fixation device, to the opening.

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

SUBSTITUTE SHEET (RULE 26)

(70)

POTIUSOL20089

JP 2004-500952

A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

1)

WO 0200119 POTIUSOL20089

FlG.28B.

FIG.2A.

FIG 2.
FIG. 2C

SUBSTITUTE SHEET (RULE 26)

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(72)

PCTATSNI2DARY

SUBSTITUTE SHEET (RULE 28}

W 2019

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

4/39

FlG.2K.

SUBSTITUTE SHEET (RULE 26)

(73)

POTIUSOL20089

JP

2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(74)

POTIUSOL20089

SUBSTITUTE SHEET (RULE 26)

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-500952 A 2004.1.15

(75)

PCTATSNI2DARY

Gz9 995 9L 751 99 €9 251,051

9, au ~ 851
396 89 e, 7
I = i
. m%u - s 094 06} i y 2
n 99 89 / m
S 8¢ T 7
£l PR v /:mhu,ur. g wm\ ot l9g1 ‘98l 19 m
07 ; s f ’

791 0 "
POLY poe/304\psi q0L1 00LL 951 g¢ Oid

W 2019

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-500952 A 2004.1.15

(76)

POTIUSOL20089

WO 000119

SUBSTITUTE SHEET (RULE 26)

an | JEDH4

nzy/

L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

FilG.30.

77) JP 2004-500952 A 2004.1.15

PCTFUS0T 20080
8/39 =
Py
N:'-: -—-\h
p 3
L=l
. -3
-4
-3
o
Yy,
m
oy
1 ~ )
3 p— oy
~3
h=)
Yoy
b=
=N
oy
S i
- r\
b
1S \
f o
L~
E T
° =
&
\Ho-.
e )
~
9 D
b
S, L
A

N

SUBSTITUTE SHEET (RULE 26)



JP 2004-500952 A 2004.1.15

(78)

PCTATSNI2DARY

W 2019

= TN |||u|||.u¢hu..WJlmm‘|.ﬁ..WfFI|,| ||||||||||||||||
T/WI" -V_AJ/\,\W.\!!!"_I.F T R = e T TTHITI vty

iz

SUBSTITUTE SHEET (RULE 26)

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

SUBSTITUTE SHEET (RULE 26)

(79)

POTIUSOL20089

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(80)

POTIUSOL20089

11/39

SUBSTITUTE SHEET (RULE 26)

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

FIG.4E.

Flg 4D,

12/39

SUBSTITUTE SHEET (RULE 26)

(81)

POTIUSOL20089

JP

2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

SUBSTITUTE SHEET (RULE 26)

(82)

POTIUSOL20089

JP

2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(83)

WO 0200119 POTIUSOL20089

FIG 4T

SUBSTITUTE SHEET (RULE 26)

JP

2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

15/39

SUBSTITUTE SHEET (RULE 26)

(84)

POTIUSOL20089

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

16/39

SUBSTITUTE SHEET (RULE 26)

(85)

POTIUSOL20089

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

17/39

SUBSTITUTE SHEET (RULE 26)

(86)

POTIUSOL20089

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(87)

7T TR )

POTIUSOL20089

[74]
\\.*

\ bt _

7/ e
299 g 791 ;084 _ _
o
3 :
w 62 ..wmh m
<"
| >— :_H——.—m_h—C\— w

~ /./r_V;

222”1884

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-500952 A 2004.1.15

(88)

PCTATSNI2DARY

jaL, 78 (281 9L \zj 622 .
- — 5 (785 ¢
PRaiels s
/ 71 O . < A ) & e et m
& H \ 7 AN Vrv\ E
1291 | \ozz Ry 2z’ jemt ¢

822 s22”

W 2019

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-500952 A 2004.1.15

(89)

POTIUSOL20089

20/39

SUBSTITUTE SHEET (RULE 26)

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

(90)

POTIUSOL20089

SUBSTITUTE SHEET (RULE 26)

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

CEY

POTIUSOL20089

FiG.8F.
20b, ,20a

22/39

SUBSTITUTE SHEET (RULE 26)

>
N

FIG. 8E.
A\l

P e
~ I\‘\ N )
Ty

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-500952 A 2004.1.15

(92)

POTIUSOL20089

N
=2 E
Ll
N

o
[
1]

2727

23/39

SUBSTITUTE SHEET (RULE 26)

052

69

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

FIG.10 f’*’ 39
ZOa\
P A

e gt TS
—u—,u-—_//_:m"/

310
308
Zﬂa)

(93)

POTIUSOL20089

FIG.10A.

<

Ed rB_o

ﬁﬁ’gi;%

o%@
&S DT

SUBSTITUTE SHEET (RULE 26)

o
416

¢ f.?oz

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(94)

POTIUSOL20089

25/39

SUBSTITUTE SHEET (RULE 26)

FIG.10C.

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

26/39

FIG.10F.

(95)

POTIUSOL20089

FIG.10H

SUBSTITUTE SHEET (RULE 26)

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(96)

PCTATSNI2DARY

27/39

SUBSTITUTE SHEET (RULE 28)

W 2019

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

W 2019

97)

PCTATSNI2DARY

A W

V.
Y Pt o —fe—edoafosy
AW o o o . e i s

S e

331 330 332

SUBSTITUTE SHEET (RLLE 26)

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(98)

PCTATSNI2DARY

29/39

SUBSTITUTE SHEET (RULE 26)

FIG12F.

W 2019

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

WO 000119

30/39

FIG12H.

SUBSTITUTE SHEET (RULE 26)

(99)

POTIUSOL20089

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

W 2019

FIG13.

616

Rl V= =]
2 :

31/39

(100)

PCTATSNI2DARY

FIG13A.

A S
\\\\\\

FIG138.

A

~,

Fl

2

13C

SUBSTITUTE SHEET (RULE 2E)

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

W 2019

(101)

PCTATSNI2DARY

32/39

A 340
243 %
3391 | [N

FIG.13E.

335
347

e

SUBSTITUTE SHEET {RULE 26}

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(102)

W 2019 PCTATSNI2DARY

FIG13G.

342 354~ |
P e

SUBSTITUTE SHEET {RULE 26}

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

W 2019

34/39
FIG131

i

(103)

PCTATSNI2DARY

FIG13J
354~ 344 347 .340
4 ) \ﬁy(

3

SUBSTITUTE SHEET (RULE 26)

354

42

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

W 2019

FlG14.

(104)

PCTATSNI2DARY

35/39

FIG14A.

FlIG140

&)

SUBSTITUTE SHEET (RULE 26)

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(105)

WO 0200119 POTIUSOL20089

FIG.16A.

102~ |
105 —

i
FlG.16. 106w--—if"'

103—F U
1o>“/

SUBSTITUTE SHEET (RULE 26)

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(106)

124

37/39
FiG 17
FIG17A.
110
110 4
112
114
112
FIG18A.
FiG.18. 120
/120 122 ¥
122, 454 122
122 Y26 22

Z

SUBSTITUTE SHEET (RULE 26)

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(107)

38/39

130

JP 2004-500952 A 2004.1.15



JP 2004-500952 A 2004.1.15

(108)

m 2y oty w0y Z0%
b ! bt v :
” gLz o4 JLZ 0/ A0l ailzoid m
~ w
= 5
o 207 807 907 007 E

2Dl g1z 94 ViZ o 120

WO 000119

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(109)

oooooooboboOooooooooobDboooad

g}
R
o
y—
-
=
=
=2
3
=
o
=

U2y ISTERNATIONAL APPLICATION PURLISHED UNDER THE PATENT COOPERATION TREATY (ICTy

{19 World Intellectoal Property Ovpanization
Internavanal Burcay

(43) Internatianal Publication Date

3 January 2002 (03.00.2042)

PCT

B AR 0 O RO

(10 [ncernasional Publication Nwnher

WO 02/0011% A3

(513 Intermational Pateni € lassification”; AGIB 1744

(20 International Application Namber:  PCT/US0120089

122} Intermational Filing Date; 22 Mune 2001 (2706.7000)

(25) Filing Laaguage: Linglish
26} Publicarion Langusge: Fnglish
(341} Priority Data:

0OreIL 38T 27 Jume A .20 US

{71y Applicant: SMITLL & NEPUEW, 18C, [USAUS): 1450
Hrooks Road, Memphis, TN IREL(US)

{3 Inventors: HARVIE, Fraser; 33 Loch Sniven S
Leonards, Enst Kilbride tGBa. JAMES., Adame |5
Finewnod Hill. Forest Hills Cst. lalbnt Green. RCTL
HoWales CFT2 RFF 0GR RICHARDSON, Peicr, 40
Adams St Aslingian, Ma 02474 (U5, 1IUCKLE,
domes, Willam. Prima ¥ Emerson Close. Swii
Ielillonon, Nomh Yorkshin: L GAEL GBI

470 Agents: STACEY. Grarge ol al: Similh & Nephes, Ioe,
1450 Brooks Read, Memphis, TN 38116 i1US%

(8T} Desigrates States tnatiomed)s AE AG AL AM, AL ALL
AY_BA BB KRG RR RY. BZ CA(CH N

HRHUL I L N LS, JP KL, KGL KP KRR LG LK.
LR.1 TOLLN MA, MER MG, 3
NZ.PL. PT. RO, RU. S 3E

(844} Dhsigouted Stales fregionadis ARIPO patenr (GR. GML
KE, LS. MY, MZ S0, 5L 2012, UG, ZW ) BEumsian
patent |4 A, BY, K{i KZ MDD RUL T T, Evrepean
palent §AT, TH.CY.DE. DRCES, FL PR, GR GRUE,
T LU M ML L Bk QAP paiene (141 B4, C
G CLOMLGAL G GWONL MR ME. SM.TIL T

Publiched:

—  with international scarc: repord
harfers dhe expirsiion of the faw (o for amemiag the
wlaims apd e ropphliched fiothe pvent of repsipt of
AR

(883 Drate of publiction of the international search reporl:
16 May 2002

For twnsfestee v odes anil ntber abbreciations, vefer oo e "Guid-
et v mfes wnd Al oviations " nupeariag of the hegin
4 rete issae of the POT Gozete

ning e v

3 itle: SURGICAL PROCEDURES AND INSTRUMENTS

(573 Abstruce: Surgical instrumencs and methods are provided, Tn ope aspeer. a method of securing a ixation device within an

e s prosided. ineluding deliver

materizl in g Oowahle s toosaid opening, and changing the siate of rhe

ruterial ser that 1l marersal s o inesenece B hat secunes e fiaation devies in the opuriing

JP 2004-500952 A 2004.1.15



L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

(110)

oooooooao

IMYERNATIONAL SEARCH REFPORT
r Aionat Appiteaton No
[:CT/US 01/20089

&, CLASSIMCATION OF SUBJECT MATTER
IPC 7 ABIB17/Q4

Aazneig o ant {lazst (I o 16 o, ant 1IP0

B, FIELOS SEARGHED

Wi T 2 ¥ by sk
IFC 7 ABIB

Pocumentslinn searchedtother han e m documenialin o the exient i such decumenis B ncheded n The liets searhed

Lhacrons dala biaws cnsiutierd thiring e it nononal SCACH {12 of dala LA AL ere Pracical, Sercl lems e

EPO-Internal

C. PDCUMENTS CONSIDERED TO BE RELEVANT

Calegory | Chatlon of CoCumin, wah BECmK, WK ADDICNATR, Of T MBIEUEM DASER0AS F2IEVam th claim Mo

A W) 97 10743 A (MEDICINELODGE INC) 62,63,
27 Warch 1997 (1997-03-27) 65,77,
85,94
the whole dacument
A US § 925 Q36 A {MAXWELL [II RALPH} 62,65
20 July 1999 (1999-07-20) 66,72,
81,85,94
absiract
column &, line 43 —column 7, line 16;
Ffigura 13
[ US & 250 (55 A {COHN ARMCLD K ET AL} 62,63,
5 October 1993 (1993-10-05) 65,85,94
column 2, Tine 64 —column 3, line 33;
figures 4-9

D Fipthar doynments are It v 1ha cortineatica of bt €. IE Faam tamily marmbers 369 st in annax

* Special catogorles of ched docwnens:
*E Laber dotunient publishecd Tt Ihe inlerliunal i st
o priofdy dlate =nd peol in cuniicl wath i Sppricalion Lus
i 0 GCrAand 1 prinGgfe of Meory Undeivieg the
insalion
TOCUMENT of RAMICUIAT IF4UARCAT 117 CIMMEA INvAIR
ek B Conmuered ovel o Canml be GONSIensd K

" dpcument deting The goneral stafe of e art which koot
couidered 10 b of porirculas relevunca

"L parker tiocumant bul published an or aherihe intemational e
Hling cals

h I3 ehzd 1o establish the publicauon oate of anoiner
sitalion o ciher speclal reason (as specind!
O dotunmen relezring ko an cral divclumare, uss, SYDND or
means

P dociiment pibiishec prer ) the ntemational ling date byl
Ealur {van Tha prioaly date clanned

w umw!wmw My INtow doutts Gn Loy Clawnis) or nvilue an the document e

W' document of panicular idovanes; the clamnsd Inyorton
CANGOY b considerad 16 nvdlve an invenTve Sap when B
UM Iy CAMBING With 6 4 MATe OINGI 5 1ech BRI~

et ;ucn COMBINNON BANG ABVSUE 15 3 BEPEon SHllad

|G 3,

8" document member of e sama prient family

Daie ot the aciusl completion o 1ha Inernarional search

7 March Z00Z

Lt ol makng of e Liemalional sewreh reparl

19/03/2002

AT NG TAINNG AORS Of 1hd 1S
Europsrh Palend Cffice. PB. 5818 Prfentian o
HL — 2280 HY Rilwk
1 Tal, (+31-70] IO-5040. Tx. 31 651 €pe i
Far (+31-T0)} 2304018

Aulhonzed ollieet

Ducreau, F

Farn POT) SARD (wacird =t} (W 190)

JP 2004-500952 A 2004.1.15



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

NFAMMATION 4N Patent Ty Wembers

PTERNATIONAL SEARCH REPORT {:
P

(111)

atianal AppBaaticn No

CT/US 01/20089

Patent docuiment Publicalion ] Patant amiiy Publication

citscl in seech repart cale ‘ membar(s; ‘ sate

W0 9716743 A 27-03-1997  US 5665110 A Q9-09-1997
A 7503695 A {19-04-1997
Wa 9710743 A2 27-03-1997

us 5225036 A 20-07-1999  NONE

LS 5250055 A 05-10-1983 US 5637112 A 10-06-1997
us RE36020 € 29-12-1598
s 5961530 A 05-10-1599

i PETASAZI0 mates Larvy Soumbe) Cha V52

JP 2004-500952 A 2004.1.15



(112) JP 2004-500952 A 2004.1.15

ooooogooooo

@éGnoooooono  AP(GH,GM,KE,LS,Mw,Mz,8D,SL,SZ,TZ,UG,ZW) ,EA(AM,AZ ,BY ,KG,KZ ,MD,RU, TJ, T™) ,EP(AT,BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ ,EE,ES,FI,GB,GD,GE,GH,GM, HR,
HU, 1D, IL, IN,1S,JP,KE,KG,KP,KR,KZ,LC, LK, LR, LS,LT,LU,LV,MA,MD,MG, MK, MN, MW, MX ,MZ ,NO,NZ,PL,PT,RO,RU,SD,S
E,SG,SI,SK,SL,TJ, ™™, TR, TT,TZ,UA,UG,UZ,VN, YU, ZA,ZW

(2)000 OO0OOOoOoooo
goboobboobooboboobbooobooboboooboooobooobooooboooboo
goboobbouoboooboobbooobooobooobooooboaa

(2)000 OOD0OOOOooooOO0oO
goboobobooobbooobooboboobboooboooboobooobobooobooooboobooon

(72)000 OO0OOOoOoobooOOoOoOooooo
gobooobboobooboboooboooboobooooboooobooobooobooboo
uoboooobooobbooobooobbooobooon

OD0OO0O0 @ D0) 4C060 BB30 LLO7 LL20

0000 OO 4C081 ABO4 ACO2 ACO4 BA13 CBO11 CCO4 DA11 DA13 DA16



ERIBH(E)

BT (NS

BiE S

[FR] B8 48 (E AR A (i)
B (% RIAN) A (%)

FRI&RBHA

EHA

IPCH &S

CPCH¥%S

FIo3k=s

F-TERMZ %5

L5

H M2 TF S0k

BEG®)

RAHT FRBMAMS L,

<ToEIREUEiF>

JP2004500952A5 AT ()8
JP2002504905 BiEE
EERMAEERAF

HESRIE N 7]

N="T4—=TLAH¥—
DSIALARTR A
DFv+—RYIE—&R—
NYINSITALRTAIT L
N—="T14—=TLAH%—
SIALRTE AL
UFr—RYY E—&—
NYONDIALX, DA UT A

A61B17/56 A61B17/04 A61L31/00

patsnap

2008-07-17

2001-06-22

A61B17/0642 A61B17/00491 A61B17/0401 A61B17/0467 A61B17/0487 A61B17/0644 A61B17/068
AG61B17/1637 A61B17/1684 A61B17/8836 A61B2017/005 A61B2017/0404 A61B2017/0409 A61B2017
/0412 A61B2017/0414 A61B2017/0417 A61B2017/0427 A61B2017/0437 A61B2017/0446 A61B2017

/0462 A61B2017/0647

A61B17/56 A61B17/04 A61L31/00.B

4C060/BB30 4C060/LLO7 4C060/LL20 4C081/AB04 4C081/AC02 4C081/AC04 4C081/BA13 4C081

/CB011 4C081/CC04 4C081/DA11 4C081/DA13 4C081/DA16

09/604387 2000-06-27 US

JP4694764B2
JP2004500952A

E—1MFAHE, BT -HRHEEREEERES

LWFF ORI E , SERFLT RSPRSH A B FRT O, H
BEMEHRS , EEMRERESBESUBREE, BERBEETO

abo


https://share-analytics.zhihuiya.com/view/148ff002-4da4-42d2-8a82-766fb0b09f29

