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A BONE FIXATION SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] 'This application claims the benefit of U.S. Provisional Patent Application Serial

No. 61/417,614 filed November 29, 2010, and further claims the benefit of U.S. Provisional
Patent Application Serial No. 61/320,883 tiled April 05, 2010.

BACKGROUND

10002] Fractured bones are a common injury seen In trauma centers. Surgeons in
trauma centers frequently encounter many different types of fractures with a variety of different
bones. For stabilizing a bone fracture, a metal fixation plate with suitable holes is fixed to bone
fragments on opposing sides of the fracture using metal screws or pins. Typically the screws are
self-cutting and are rotated into threadless openings in the bone, or they are screwed into pre-
drilled threaded openings. Fracture fixation using such plates and screws may include several
procedural steps and several instruments. For example, a first instrument may be used to cut the
holes in the bone, and then a second instrument may be used to place the screws or pins.
Therefore, the complexity and duration of the surgery may be unnecessarily lengthy and

complex.

SUMMARY

[0003] Disclosed 1s a surgical fastener may include a body that includes a first portion
and a second portion. The body may define a bore that extends through at least the first portion
along a longitudinal axis of the body. The bore may be configured to receive a cutting
mechanism. The first portion of the body may be transmissive to electromagnetic radiation and
the second portion of the body may be absorptive to electromagnetic radiation such that upon
absorbing electromagnetic radiation the second portion of the body softens and is capable of
detorming. In one embodiment, the body defincs a proximal end and a distal end spaced from
the proximal end along the longitudinal axis, the proximal end is configured to attach to a
surgical device that emits an energy source, and the first portion is disposed proximally with

respect to the second portion . In another embodiment, the first portion may be an inner core

portion and the second portion may be an outer peripheral portion.
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[0004] The surgical fastener may be part of a kit that includes both a bone plate and at
Icast onc polymcr bascd fastencr. The bonge platc may be compriscd of a thermoplastic matcrial.
The fastener may include a body that defines a first portion, and a second portion. The second
portion may have laser absorbing properties. The fastener may also include a bore that extends
through at Ieast the first portion of the body. The bore may be configured to receive a cutting
mechanism.

[0005] Also disclosed 1s a surgical device configured to implant a surgical fastener into
a target anatomical location. The surgical device may include a hand piece having a body that 1s
configured to support a fastener that has a body and a bore that extends through the body. The
surgical device may also include a cutting mechanism and an energy source. The cutting
mechanism may be configured to extend through the bore of the fastener and cut into a target
anatomical location. The energy source may be configured to heat and soften a portion of the
fastener.

[0006] Also disclosed 1s a method of fixation of a surgical fastener to a target
anatomical location. According to the method a hole may be cut into the target anatomical
location by using a cutting mechanism of a surgical device. A fastener that 1s attached to a tip of
the surgical device may be advanced into the holc of the boncy structurc as the cutting
mechanism 1s cutting the hole. An energy source of the surgical device may then be activated to
thereby heat the fastener so as to soften at least a portion of the tfastener. Once finished the

surgical device may be removed while the fastener remains attached to the boney structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing summary, as well as the following detailed description of
preferred embodiments of the application, will be better understood when read 1in conjunction
with the appended drawings. For the purposes of illustrating the surgical fasteners and devices
of the present application, there 1s shown 1n the drawings preferred embodiments. It should be
understood, however, that the application 1s not limited to the precise arrangements and
instrumentalities shown. In the drawings:

[0008] Fig. 11s a schematic view showing a surgical device fixating a bone plate to
bone with a surgical fastener;

[0009] Fig. 2A 1s a longitudinal cross-sectional view of a surgical fastener according to
one embodiment, the surgical fastener having a core portion and a peripheral portion capable of

dcforming;



CA 02788337 2012-07-26
WO 2011/126928 PCT/US2011/030833

[0010] Fig. 2B 1s a transverse cross-sectional view of the surgical fastener shown in
Fig. 2A, the corc portion and the periphceral portion arc joincd such that the surgical fastencr 1s
configured as a one-piece fastener;

[0011] Fig. 2C 1s a transverse cross-sectional view of the surgical fastener shown 1n
Fig. 2A, the peripheral portion being a coating disposed on the core portion;

[0012] Fig. 3A 1s a front elevational view of a surgical fastener in accordance with
another embodiment, the surgical fastener having a distal portion capable of deforming;

[0013] Fig. 3B 15 a longitudinal cross-sectional view of the surgical fastener shown 1n
Fig. 3A;

[0014] Fig. 3C 1s a transverse cross-sectional view of the surgical fastener shown in
Fig. 3A, including an optical waveguide extending through the bore of the fastener;

[001S5] Fig. 3D 1s a front ¢levational view of a surgical fastener in accordance with
another embodiment, the surgical fastener including closed 1rrigation channels;

[0016] Fig. 4A 1s a side elevational elevation view of a surgical device configured to
affix a bone plate to bone using a surgical fastener;

[0017] Fig. 4B 1s a schematic view showing a first laser, a second laser and an
irrigation supply of the device shown 1n Fig. 4A;

[0018] Fig. 4C 1s a detailed side view 1llustrating the tip of the device shown 1in Fig. 4A
holding a surgical fastener for affixing a bone plate to bone;

[0019] Fig. 4D 1s a detailed side view 1llustrating the tip of the device shown 1n Fig. 4A
holding another embodiment of the surgical fastener for affixing a bone plate to bone;

[0020] Fig. 5A 1s a schematic view of a surgical device being positioned to atfix a bone
plate to bone;

[0021] Fig. 5B 1s a schematic view of the surgical device shown 1n Fig. SA activating a
first laser to drill through the bone plate and bone, and simultancously advancing a surgical
fastener:;

[0022] Fig. 5C 1s a schematic view of the surgical device shown in Fig. 5B activating a
second laser to soften at least a portion of the surgical fastener; and

[0023] Fig. 5D 1s a schematic view showing the surgical fastener affixing the bone plate

to bone after the surgical device 1s removed.

DETAILED DESCRIPTION

[0024] Rcferring to Fig. 1, a bonc fixation systcm 10 includcs a platc 14, onc or morc

fastencrs 18 configurcd to attach the platc 14 to a targct anatomical location such as bonc 26, and

_3
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a surgical device 22 that facilitates the attachment of the plate 14 and the fasteners 18. It should
bc apprcciated that the bone 26 can include two or more fracturcd bonce scgments, such as bone
segments 26A and 26B, or can include any other deformity amenable to treatment using bone
fixation. Moreover, the target anatomical location may be structure other than bone, such as
ligaments, and other soft or hard tissue structures. As shown, the plate 14 1s placed over or onto
the bone 26, and the surgical device 22 may be positioned over the plate 14 to cut a hole in either
the plate 14, the bone 26, or both, so as to atfix the plate 14 to the bone 26 using the fastener 18.
The fixation of the plate 14 using one or more fasteners 18 and the surgical device 22 may be
performed using a single device. For instance, only a single device 22 can be used to cut a hole,
place the fastener 18, and affix the plate 14 to the bone 26 with the one or more fasteners 18. It
should be understood that the entire fixation system 10 may be sold as a kit or alternatively, the
plate 14, and the one or more fasteners 18 may be sold as a kit themselves. For instance, a
plurality of fasteners 18 having different sizes and/or shapes can be provided as a kait.

[0025] Alternatively or additionally, a plurality of plates 14 having different sizes
and/or shapes can be provided as a kit. Alternatively or additionally still, a combination of
fasteners 18 and plates 14 having the same or different sizes and/or shapes can be provided as a
kit, cither alonc or 1n combination with the surgical device 22. Furthcrmorc, whilc the fastencers
18 are 1llustrated as pins, they can alternatively be provided as screws having threaded surfaces,
nails having smooth or toothed surftaces, bolts, or any alternative fixation device configured to
fix the bone plate 14 to the underlying bone 26.

[0026] As shown 1n Fig. 1, the surgical device 22 includes a hand piece 82, and a
control unit 86 that 1s connected to the hand piece 82 by a cord 90. The control unit supplies a
cutting mechamism 46 that 1s configured to cut the holes into the plate 14 and the bone 26, and an
energy source 70 that 1s configured to heat and soften the fasteners 18 to thereby attach the plate
14 to the bone 26. The cutting mechanism 46 may include a first laser 94 and an irrigation
system 98, and the energy source 70 may include a second laser 102. The first laser 94, the
irrigation system 98 and the second laser 102 are arranged 1n the control unit 86 and delivered to
the hand piece 82 of the surgical device 22 through the cord 90.

[0027] The plate 14 provides a load bearing structure that can be connected to bone
fragments. The plate 14 1s preferably made from a polymer material. For example the plate 14
may b¢ madc from poly-alpha-hydroxycstcr, polyorthocstcr, polyanhydride, polyphosphazcencs,
poly(propylenctfumarate), polyesteramide, polyethylenefumarate, polylactide, polyglycolide,
polycaprolacton, trimethylenecarbonate, polydioxanone, polyhydrobutyrate, as well as their

copolymers and mixtures. The plate 14 may also include electromagnetic radiation absorption
_4
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properties. For example, the plate 14 may include an additive, such as chlorophyll, carbon black,
iron oxidc, graphitc, fluorcsccin, mcethylenc bluc, indocyanine green, cosing; cosinc Y (514 nm),
cthyleosine (532 nm), acridine, acridine orange, copper phtalocyanine, chrome-cobalt-aluminum
oxide, ferrous ammonium citrate, pyrogallol, logwood extract, chlorophyll-copper complex,
D&C blue No. 9, D&C green No. 5, [phtalocyaninate(2-)] copper, D&C blue no. 2, D&C blue
no. 6, D&C green no. 6, D&C violet no. 2, and D&C yellow No. 10, which allows the plate 14 to
absorb energy such as heat from the second laser 102. In operation, the portion of the plate 14
that has the electromagnetic radiation absorption properties, absorbs the laser beam and deforms,
thereby contributing to the fixation of the plate 14 to the bone 26. In another embodiment, the
clectromagnetic radiation absorbing component may include magnetic nano-particles, and the
sccond laser 102 may be replaced by an electromagnetic transmitter that emits an
clectromagnetic signal i the range of 20 kHz to 10 GHz. Alternatively, ultrasonic vibrations, a
conventionally heated metal bolt or heated air flow might be used for melting the fastener/ plate.

[0028] Further, the plate 14 may be provided without predrilled holes and thus may
define a continuous surface between opposing edges along a length that defines a target location
for the 1nsertion of one or more of the fasteners 18. During installation, the cutting mechanism
of the surgical device 22 may be uscd to producc holcs 1n the platc 14. It should be undcerstood,
however, that the plate 14 1s not limited to plates defining continuous surfaces, and may be
provided with pre-drilled holes. Furthermore, 1t should be understood by one of skill in the art,
that the plate 14 and the holes may be provided 1n a variety of shapes and sizes.

[0029] As shown in Figs. 2A-2C each surgical fastener 18 includes a body 44 that 1s
clongate in a longitudinal direction L and defines a distal end D and a proximal end P. Each
surgical fastener 18 further includes a bore 48 that extends through the body 44 1n the
longitudinal direction L and along a longitudinal axis 49 that may define a central axis of the
fastener 18. In this way, the body 44 1s tubular having an outer diameter D1 that defines an
external surface 55 of the body 44, and an inner diameter D2 that defines an internal surface 52
of the body 44. As shown, the body 44 may be separated 1nto a first or core portion 50 adjoining
the mnternal surface 52, and a second or peripheral portion 51 adjoining the external surface 535.

[0030] The body 44 of the fastener 18 1s made from a thermoplastic material, for
example poly-alpha-hydroxyester, polyorthoester, polyanhydride, polyphosphazenes,
poly(propylcncfumaratce), polycstcramide, polycthylenctfumarate, polylactide, polyglycolide,
polycaprolacton, trimethylenecarbonate, polydioxanone, polyhydrobutyrate, as well as their
copolymers and mixtures. The peripheral portion 51 of the body 44 adjoining the external

surface 55 1s colored sufficiently to include electromagnetic radiation absorption properties while
_5
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the core portion 50 of the body 44 adjoining the internal surface 52 1s transmissive to the
clectromagnctic radiation provided by the cnergy source. For cxamplce, the colored peripheral
portion 51 may include an additive, such as chlorophyll, carbon black, 1ron oxide, graphaite,
fluorescein, methylene blue, indocyanine green, eosine; eosine Y (514 nm), ethyleosine (532
nm), acridine, acridine orange, copper phtalocyanine, chrome-cobalt-alumimum oxide, ferrous
ammonium citrate, pyrogallol, logwood extract, chlorophyll-copper complex, D&C blue No. 9,
D&C green No. 5, [phtalocyaninate(2-)] copper, D&C blue no. 2, D&C blue no. 6, D&C green
no. 6, D&C violet no. 2, and D&C yellow No. 10, which allows absorption of electromagnetic
radiation provided by the second laser 102.

[0031] By absorbing the energy of the second laser 102, the thermoplastic material of
the peripheral portion 51 heats up and softens. That 1s, the softening of the fastener 18 occurs by
the heat generated by the absorption of radiation from the second laser 102, to the point that
allows the fastener 18 to be deformed. In particular, the additive, and 1n some cases some of the
thermoplastic itself absorbs the laser and heats up to thereby cause the thermoplastic to soften.
The softened thermoplastic material 1s capable of deforming and expanding into the hollow
spaces of the bone tissue thereby affixing the fastener 18 and the plate 14 to the bone 26. The
pcriphcral portion 51 may absorb at Icast twicc as much 1rradiated encrgy as the core portion 50.
Typically, however, a factor of 5-1000 times more energy 1s absorbed 1n the peripheral portion
51 with respect to the core portion 50. In other words, the peripheral portion 51 may absorb 50-
100% of the energy, while the core portion 50 absorbs 0-10%. The thickness of the peripheral
portion 51 1s preferably over 0.1 mm and/or between 1 to 20 % of the outer diameter D1. It
should be understood that the peripheral portion 51 is not limited to thermoplastic materials
capable of absorbing the second laser 102 and that other materials may be used. For example,
the peripheral portion 51 may include magnetic nano-particles, and the laser can be replaced by
an ¢lectromagnetic transmitter that emits an electromagnetic signal in the range of 1 kHz to 1
MHz or 100 KHz to 100GHz.

[0032] The core portion 50 of the fastener 18 which 18 transmissive to the
clectromagnetic radiation may be configured so as not to warm-up at all or only partially, and to
maintain 1ts mechanical strength. At the same time, the core portion 50 can serve as an optical
clement and transmit the energy onward into the bone plate 14. The fastener 18 can then be
pushcd 1nto a prceviously produccd holc which may be undcersized, and the warmed-up, softened
polymer 1s then pressed 1nto the interspaces of the bone. After turning off the energy source, the

polymer (thermoplastic material) cools off and quickly hardens (< 1 — 2 minutes), and the
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mechanical interdigitation between the fastener 18 and the bone and/or the bone plate 14 1s
cstablishced.

|0033] The core portion 50 and the peripheral portion 51 may be separate discrete
components that are coupled together with the peripheral portion 51 e.g. being a coating that
includes the electromagnetic radiation absorbing properties as shown in Fig. 2C, or they may be
integral and thus one component, with the peripheral portion 51 comprising a chromophore (1.¢c.
color or pigment) as shown 1n Fig. 2B. Further, in some embodiments, the peripheral portion 51
may be a zone with a variable absorption coefficient “a”. In any case, the peripheral portion 51
includes the electromagnetic radiation absorbing properties sufficient to cause the peripheral
portion 51 to deform 1n response to exposure to the fist laser 94, while the region of
thermoplastic material of the core portion 50 has a transparency to the second laser 102 that 1s
oreater than that of the peripheral portion 51. Therefore, the mnner uncolored core portion 50
substantially maintains 1ts structural integrity when exposed to the first laser 94 that deforms the
peripheral portion 31,

[0034] As shown in Figs. 3A-3D, 1n another embodiment, a fastener 18A 1ncludes a
body 44 A having first and second portions that are aligned with respect to a direction that
cxtends substantially parallel to the longitudinal axis 49. As shown 1n Fig. 3B, thc body 44A of
the fastener 18 A may include a first axial portion 64 and a second axial portion 60 disposed
distally with respect to the first portion 64. The first portion 64 may be transmissive to
clectromagnetic radiation, while the second portion 60 may be configured to absorb
clectromagnetic radiation.

[0035] As with the fastener 18, fastener 18 A may be made from a thermoplastic
material. For example each fastener 18 A may be made from poly-alpha-hydroxyester,
polyorthoester, polyanhydride, polyphosphazenes, poly(propylenefumarate), polyesteramide,
polyethylenefumarate, polylactide, polyglycolide, polycaprolacton, trimethylenecarbonate,
polydioxanone, polyhydrobutyrate, as well as their copolymers and mixtures. The second axial
portion 60 can be colored throughout 1ts complete volume, and includes electromagnetic
radiation absorption properties that allow the second portion to absorb energy provided by for
cxample the laser 102, and the first axial portion 64 1s transmissive to the energy provided by the
laser 102. For example, the colored second portion 60 may include an additive, such as
chlorophyll, carbon black, iron oxidc, graphitc, fluorcsccin, mcthylenc blue, indocyaninge green,
cosing; cosine Y (514 nm), ethyleosine (532 nm), acridine, acridine orange, copper
phtalocyanine, chrome-cobalt-aluminum oxide, ferrous ammonium citrate, pyrogallol, logwood

extract, chlorophyll-copper complex, D&C blue No. 9, D&C green No. 5, [phtalocyaninate(2-)]
_T
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copper, D&C blue no. 2, D&C blue no. 6, D&C green no. 6, D&C violet no. 2, and D&C yellow
No. 10, which allows absorption of clcctromagnctic radiation provided by the sccond lascr 102.
In operation, the thermoplastic material 1n the complete volume of the second axial portion 60 of
the fastener 18A absorbs the laser beam and deforms, thereby attixing the plate 14 to the bone
26. In another embodiment the second axial portion 60 may include magnetic nano-particles,
and the first laser may be replaced by an electromagnetic transmitter that emits an
electromagnetic signal 1n the range of 20 kHz to 10 GHz.

[0036] The first axial portion 64 and the second axial portion 60 may be separate
discrete components that are coupled together, or they may be integral and thus one component,
with the second axial portion 60 having a coating that includes the electromagnetic radiation
absorbing properties. In either case, the second axial portion 60 includes the electromagnetic
radiation absorbing properties sufficient to cause the second axial portion 60 to deform in
response to exposure to an energy source such as the laser beam 102, while the thermoplastic
material of the first axial portion 64 has a transparency to the laser beam 102 that 1s greater than
that of the second axial portion 60, such that the uncolored first axial portion 64 substantially
maintains its structural integrity when exposed to the laser beam 102 that deforms the second
axial portion 60. Thc sccond axial portion 60 1s shown 1n Fig. 3B as bcing disposcd at the distal
end “D” of the body 44, and the first axial portion 64 1s 1llustrated as being disposed proximal
with respect to the second axial portion 60. The colored second axial portion 60 may be from 10
to 80% of the overall length of the fastener 18A along the longitudinal direction.

[0037] As shown in Figs 3A — 3D, the fasteners may be provided with 1rrigation
channels 59 configured as recesses 56 or closed passages 57 as illustrated 1n Figs. 3A and 3D.
As shown 1 Figs. 3A and 3B, a fastener 18A includes a hollow-cylindrical body 44A that 1s
clongate along a longitudinal axis 49. The body 44A 1ncludes an external surface S5A that
defines an outer diameter D1. As shown, cach fastener 18A includes a bore 48A that extends
through the body 44 A 1n the direction of the longitudinal axis 49. As shown, the bore 48A has
an 1nner diameter D2 that defines an internal surface S2A of the body 44A. The body 44A
further defines a plurality of irrigation channels 59 configured as recesses 56 that extend into the
internal surface 52A along the entire length of the bore 48A from the proximal end P to the distal
end D. While the body 44A 1s illustrated as defining three circumferentially equidistantly spaced
rceesses 56 (1.c. disposcd at 120° when vicwed 1n cross-scetion), the body 44A can includc any
number of recesses 56 as desired spaced circumferentially about the body 44A as desired. As
shown 1n Fig. 3A, 1n cross-section, cach recess 56 may be 1n the shape of a half circle and may

be configured to receive and carry an 1rrigation fluid. Each recess 56 may have a radius of about
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0.1 mm to about 0.5. The recesses 56 may be radially spaced apart from each other to provide a
numbcr of 1rrigations channcls 59 that allow an 1rrigation fluid to be injccted through c.g. two of
the three 1rrigation channels 59 and to be sucked off through ¢.g. one of the three irrigation
channels 59. It should be understood, however, that the recesses 56 are not limited to being half
circles and may be any shape capable of recerving an 1rrigation liquid.

[0038] In another embodiment and as illustrated in Fig. 3D the fasteners may include
trrigation channels 59 that are closed passages 57. As shown, a fastener 18B includes a tubular
body 44B, a bore 48B that extends through the body 44B, and three circumferentially
equidistantly spaced closed passages 57 that extend through the body 44B between an internal
surface 52B and an external surface 55B of the body 44B, such that no communication to the
bore 48B exists. While the body 44B 1s illustrated as defining three circumferentially
equidistantly spaced passages 57, the body 44B can include any number of passages 57 as
desired spaced circumferentially about the body 44B as desired.

[0039] The fasteners 18, 18A, and 18B may be provided 1n a variety of sizes. For
example, the outer diameter D1 of each fastener may be between 1.5 and 5 mm and the bores of
the fasteners may have a diameter D2 of about 0.4 mm to 3 mm. Furthermore, the fasteners may
havc a Ilength T cxtending along the longitudinal axis 49 that 1s between about 3 mm and about
20 mm long. The dimensions provided are for illustrative purposes only, and 1t should be
understood that the fasteners may include any dimension capable of aftfixing the plate 14 to the
underlying bone 26.

[0040] The color material or particles may be worked into the polymer of the fasteners
using a varlety of methods. For example, color-containing polymer layers or implant elements
can be produced 1n a so-called two-component injection molding process. In this case, the
uncolored portion of the fastener 1s injected 1n a first phase, and after modifying the cavity in the
injection mold, the color containing portion 1s 1njected in a second phase.

[0041] The layers of color-containing polymer may also be achieved by applying and
drying the color and polymer containing solutions. It 18 in this case possible to achieve layers of
color containing polymer by depositing and drying the color and polymer containing solutions,
similar to a candle-drawing process (dip-coating process) or by spraying. The use of the first-
mentioned depositing process allows achieving layers of a very thin (micrometer-thin) up to a
very thick (sub-and millimcter range) sizc.

|0042] The color layer(s) may also be achieved by applying and drying color-particles
containing suspension or solution. In this case, the coating occurs by first warming-up the color-

containing particles. The heated particles may then be jetted onto the surface of the uncolored
_Q_



CA 02788337 2012-07-26
WO 2011/126928 PCT/US2011/030833

part of the fastener, so that the particles fuse with the polymer of the uncolored portion of the
fastencr and arc fixated on the surfacc.

|0043] Cecramic or other non-thermally sensitive particles may also be applied to the
surface by jetting them onto the polymer surface 1n a heated condition, where they can locally
fuse with the polymer and be fixated 1n the surface. An example for this 1s given by the plasma
spraying process by which hip joint prostheses are for instance coated with calcium phosphate
particles. The use of processes such as Chemical Vapor Deposition (CVD) or Physical Vapor
Deposition (PVD) 1s also concelvable 1n the presence of suitable substrates.

[0044] Each fastener may be positioned and affixed to the plate 14 and the bone 26
using the surgical device 22 shown in Figs 4A-4C. As shown, the surgical device 22 includes a
hand piece 82, a control unit 86, and a cord 90 connecting the hand piece 82 to the control unit
&6. The surgical device 22 1s a processing apparatus configured to provide both the cutting
mechanism 46 and the energy source 70. In the embodiment shown, the cutting mechanism
includes a first laser 94 and an irrigation supply 98 that 1s connected to a first optical waveguide
95, while the energy source 70 includes a second laser 102 that 1s connected to a second optical
waveguide 103. The first laser 94 and irrigation supply 98 may be configured to cut through the
platc 14, thc bonc 26, or both, and thc sccond lascr 102 may bc configurcd to hcat and deform
the second axial portion 60 or the tubular peripheral portion 51 of the fasteners 18, 18A, and/or
18B. The 1rrigation supply 98 1s configured to supply a coolant liquid and to remove the debris
from the cutting site. The optical waveguides 95, 103 may be tlexible or rigid optical light-
transmitting structures, such as for instance glass fiber cables or retlecting hoses (e.g. also nano-
tubes) used to transmit electromagnetic radiation from the source to the fastener. On the other
hand, the fastener itself may serve as an optical fiber and hight diffuser. After entering the
fastener, the light 1s transmitted through the first portion of the fastener until 1t arrives at the
point where the softening of the polymer, mostly at its surface, 18 to take place. In order to
transmit the light through the optical fiber to the fastener up to the desired point, the fastener may
on on¢ hand actually transmit the light, meaning for instance to the tip of a pin and then
distribute 1t there, so as to reach the surface of the fastener, for instance by diffusion.

[0045] In one embodiment, the first laser 94 1s a 3 um infrared laser, the 1rrigation
supply 98 uses a liquid such as water, and the second laser 102 1s an 800 nm infrared laser. It
should bc undcrstood, howcever, that the device 22 18 not limited to a cutting mechanism 46
comprising the 3 um infrared laser, and water supply, nor 18 1t limited to an energy source 70
comprising the 800 nm infrared laser. For example, the cutting mechanism 46 may also be a 10

um CO, laser combined with an 1rrigation supply, or a 2.8 um Erbium YAG laser combined with
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an 1rrigation supply. Similarly, the second laser 102 may be a laser having a wave length 1n the
rangc of 400 nm to 1800 nm or 1t may bc rcplaced by an clectromagnctic transmitter in the range
of 20 kHz to 10 GHz, or both infrared lasers may be replaced by an ultrasonic source capable of
both: (1) cutting through the plate 14, and the boney structure 26, and (11) heating and thereby
softening the fastener 18.

[0046] The control unit 86 includes each of the first laser 94, the 1rrigation supply 98,
and the second laser 102. The control unit 86 can include settings that are controlled by a user to
determine the operation of the bone fixation system. For example, a user may at first set the
control unit 86 to simultancously supply the first laser 94, and the 1rrigation supply 98, to cut
through the plate 14 and the bone 26, and then mid-procedure, change the control unit 86 to
supply the second laser 102 to deform the fastener 18.

[0047] As shown in Figs 1, and 4A-4C, the hand piece 82 includes an elongated body
110 having a tip 114 at 1ts distal end and a connecting portion 118 at 1ts proximal end for
connecting the body 110 to the cord 90. The clongated body 110 1s generally a tube-like
structure that 1s constructed to contain said first and second waveguides 95, 103 and/or 1rrigation
tubes 126a, 126b, as shown 1n Fig. 4C. The first and second optical waveguides 59, 103 may be
optical fibcrs, which arc configurcd to transmit the bcams of the first and sccond lascr 94 and
102 from the control unit 86 through the body 110 and to the tip 114. Similarly, the 1rrigation
tubes 126 are configured to transport the 1rrigation liquid from the control unit 86 through the
body 110 and to the tip 114 and to suck the irrigation fluid oft in the reverse direction, and can
thus also be referred to as wrrigation tubes. A fiber tip end 130 proximate to the distal end of the
fastener disperses the beam of the first laser 94 as desired so as to allow the hole that 1s cut into
the plate 14 and bone 26 to have a diameter that allows the fastener to pass through. The fiber
tip end 130 can give way several mm back into the device 22, to enable compression of the
second axial portion 60 of the fastener inside the boney structure 26. For example, as the
fastencr 18 compressed down by a user, the fiber tip end 130 may be retracted proximally either
by translating proximally with respect to the handle, or by compressing, as a portion of such as
the axial portion 60 of the fastener 18A compresses or otherwise deforms.

[0048] Referring also to Fig. 3C, the first optical waveguide 95 1s configured to extend
through the bore 48 of the body 44 of the fastener 18. In particular, the first optical waveguide
95 dcfincs a diamctcer that 1s substantially cqual to the diamcter of the bore 48. Thus, the borc 48
of the fastener 18 1s sized to recerve the first optical waveguide 935 that guides the beam of the
first laser 94 such that there 1s little clearance between the first optical waveguide 95 and the

internal surface 52 of the bore 48. As a result, the first optical waveguide 95 substantially closes
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the mner radial ends of cach of the recesses 56 so as to define a plurality of 1rrigation channels
59, which cxtend along the Iength of the fastencer 18.

[0049] Fig. 4C 1illustrates a tip 114 configured to be used with a fastener such as
fastener 18, as shown 1n Fig. 2A, and fasteners 18A, and 18B including 1rrigation channels 59 as
shown 1n Figs. 3A and 3D. The tip 114 1s configured to grip and hold or otherwise support the
fasteners. The proximal end P of the fastener 18 can comprise an attachment portion 45 that can
be e.g. configured as a cylindrical portion dimensioned for a press fit with a corresponding bore
140 1n the tip 114. As shown, the tip 114 includes a channel 144 extending from a wall 146 and
toward the distal end of the tip 114, and a bore 140 that extends proximally from the distal end of
the tip 114 1n alignment with the channel 144. The bore 140 defines a diameter greater than that
of the channel 144, such that the tip 114 provides a scat 148 at the interface between the bore 140
and the channel 144. The interface abuts and supports the fastener 18 at the distal end of the
channel 144 when the fastener 18 1s fully inserted or otherwise disposed in the bore 140. The
channel 144 1s separated into an injection segment 1435a for injecting an 1rrigation liquid and a
suction segment 145b allowing to suck off the 1rrigation liquid together with the debris. The hand
piece body 110 further includes a first and a second port 150, 151 extending into the tip 114.
Each of the first and sccond ports 150, 151 has a coupling 154 at 1ts proximal ¢cnd for coupling an
1rrigation tube 126a, 126b thereto and an opening 158 at 1ts distal end. The openings 158 of the
first and second port 150, 151 extend into the channel 144 so as to place the channel 144 1n fluid
communication with the couplings 154 of the first and second port 150, 151.

[0050] The bore 140 is sized to receive and hold a fastener such as fasteners 18A or
18B as described above, and the channel 144 1s configured to guide the 1rrigation liquid of the
irrigation supply 98 from the port opening 158 to two 1rrigation channels 59 of the fastener
which can be recesses 56 or closed passages 57 and to suck the irrigation fluid and the debrns off
through the third irrigation channel 59 of the fastener 18.

[0051] A first irrigation tube 126a 1s connected to the coupling 154 of the first port 150,
and the 1rrigation liquid of the 1rrigation supply 98 travels through the first irrigation tube 126a,
into the mjection segment 145a of the channel 144 via the first port 150 and through two
irrigation channels 59 of the fastener. A second irrigation tube 126b 1s connected to the coupling
154 of the second port 151, and the 1rrigation fluid with the debris can be sucked off through the
third 1rrigation channcl 59 of the fastencr 18 defined by the third 1rrigation channcl 59 into the

suction segment 145b of the channel 144 and via the second port 151 1nto the second 1rrigation

tube 126b.
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[0052] The beam of the first laser 94 and the 1rrigation liquid of the 1rrigation supply 98
may simultancously travcl longitudinally through the¢ fastencr 18A and out the distal ecnd D of the
fastener 18A to thereby cut the hole into the plate 14 and/or the bone 26. As shown, the beam of
the second laser 102 may be guided to a front or proximal wall 160 of the fastener 18A. When
the second laser 102 1s activated, the light travels through the transparent first axial portion 64 of
the fastener 18A, and 1s absorbed by the laser absorbing second axial portion 60. Alternatively,
when using a fastener 18 according to figs. 2A to 2C the light travels through the thermoplastic
material 1 the core portion 50 and 1s absorbed by the laser absorbing colored thermoplastic
material of the peripheral portion 51 adjoining the external surface 55 of the fastener 18, and by
the adjacent portion of the plate 14.

[0053] The tip 114 may be a sterile single use part that may consists of a fastener, such
as anyong of fasteners 18, 18A, or 18B and the fiber tip end 130 that 1s configured to adequately
cut through the bone 26 (note that the fiber tip end may be shaped 1in a way to disperse the laser
beam, so that 1t 1s actually possible to drill a hole that 15 large enough to fit the fastener — which
1s larger than the fiber tip. The single use part may be configured to be selectively attached to or
detached from a distal end of the body 110. The single use part may also be made from a
matcrial that 1s capablc of being placed 1n an autoclave.

[0054] Fig. 4D 1llustrates another embodiment of the tip 114 configured to be used with
a fastener 18 as 1llustrated 1n figs. 2A to 2C. The embodiment of the tip 114 according to Fig. 4D
differs from the embodiment of Fig. 4C only therein that the tip 114 comprises a sleeve 156
attixed to the tip 114 and comprising two or more bore holes 157 1 fluid communication with
the channel 144. The sleeve 156 can be inserted into the bore 48 of the fastener 18 and surrounds
the first optical waveguide 95. The two or more bore holes 157 are arranged circumferentially
equally spaced and suitable to guide the rrigation liquid of the 1rrgation supply 98 from the
channel 144 to the tip 130. The channel 144 18 separated 1nto an 1njection segment 145a for
injecting the 1rrigation liquid and a suction segment 145b allowing to suck off the irrigation
liquid together with the debris. The injection segment 145a 1s configured to guide the irrigation
liquid of the 1rrigation supply 98 from the port opening 1358 through two or more bore holes 157
in the sleeve 156 that 1s inserted in the bore 48 of the fastener 18 and the suction segment 1435b 1S
configured to suck the 1rrigation fluid and the debris off through one or more of the bore holes
157 1n the slecve 156.

|0055] In operation and 1n reference to Figs SA-5D the surgical device 22 may affix the
plate 14 and the fastener 18 (or 18A or 18B) 1n a sitmple and efficient manner. As shown 1n Fig.

5A, the fastener 18 18 placed into the tip 114 of the hand piece 82 such that the fastener 18
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partially extends distally of the tip 114, and the plate 14 1s positioned on the bone 26 over the
fracturcd arca. Thc hand picce 82 along with the fastencr 18 may then be positioncd on the
surface of the plate 14 and at an angle of 90° with respect to the plate 14, or offset with respect to
the 90° angle 1f desired. Once the hand piece 82 1s positioned, the control unit 86 may be
activated to cause the beam of the first laser 94 and the 1rrigation supply 98 to cut or drill a hole
55 through the plate 14 and into the bone 26 1f desired. As shown 1 Fig. 5B, the first laser 94
and the 1rrigation liquid of the irrigation supply 98 travel through the bore 48 of the fastener 18
and out a distal end of the fastener 18. As the hole 55 1s being cut, the hand piece 82 and thus
the fastener 18 may be gently pushed into the hole as 1t 18 created over time.

[0056] Once the desired depth of the hole 1s reached and the fastener 18 18 properly
positioned within the hole, the control unit 86 may be switched to deactivate the first laser 94 and
the 1rrigation supply 98, and activate the second laser 102 to thereby deform a portion of the
fastencr 18. As shown in Fig. 5C, the beam of the second laser 102 may soften and deform the
fastener 18 and the interface between the plate 14 and the fastener 18. A gentle push of the
device 22 1n the direction of said longitudinal axis 49 into the hole 55 causes a portion of the
fastener 18 to deform and define an outer dimension that 1s greater than that of the hole 55.
Thus, the fastener 18 transforms 1nto a rivet 170 that couplces the plate 14 to the bonge 26.

|0057] The bone fixation procedure described above can be performed to fix the bone
plate 14 to one or more bone segments of the bone 26 that are separated by a fracture. For
instance, the bone plate 14 1s positioned over the fracture site or fracture sites, and one or more
fasteners can couple the plate 14 to each bone segment 1in the manner described above.

[0058] As shown in Fig. 5D, the device 22 may be removed, while the plate 14 and
fastener 18 remain behind. The plate 14 and fastener 18 may be made from a resorbable
material.

[0059] The foregoing description 1s provided for the purpose of explanation and is not
to be construed as limiting the invention. While various embodiments have been described with
reference to preferred embodiments or preferred methods, 1t 1s understood that the words which
have been used herein are words of description and 1llustration, rather than words of limitation.
Furthermore, although the embodiments have been described herein with reference to particular
structure, methods, and embodiments, the invention 1s not intended to be limited to the
particulars discloscd herein. Morcovcer, any of the cmbodiments dcscribed above can incorporatc
any structures or features of any of the other embodiments described above, as desired. Those

skilled 1n the relevant art, having the benefit of the teachings of this specification, may etfect

- 14 -



CA 02788337 2012-07-26
WO 2011/126928 PCT/US2011/030833

numerous modifications to the mnvention as described herein, and changes may be made without

dcparting from the spirit and scopc of the invention as defined by the appended claims.
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Claims:

. A surgical fastener comprising:

a surgical fastener body that defines a proximal end and a distal end that is spaced from
the proximal end along a longitudinal axis, the surgical fastener body including a first portion
that at least partially detines the proximal end and a second portion that at least partially defines
the distal end, the surgical fastener body defining a bore that extends completely through the
surgical fastener along the longitudinal axis from the proxirﬁal end to the distal end, the bore
being configured to receive a cutting mechanism such that the cutting mechanism 1s extendable
through the surgical fastener body along the longitudinal axis,

wherein the first portion of the surgical fastener body is transmissive to electromagnetic
radiation and the second portion of the surgical fastener body is absorptive to electromagnetic
radiation, such that upon absorbing electromagnetic radiation, the second portion of the surgical

fastener body softens and is capable of deforming.

2. The surgical fastener according claim 1, wherein the surgical fastener body further includes
an external surface that defines an outer diameter, and the bore includes an inner surface that

defines an inner diameter.

3. The surgical fastener according to claim 2, wherein the first portion of the surgical fastener

body 1s a core portion that defines the inner surface, and the second portion is a peripheral

portion that defines the external surface.

4. The surgical fastener according to claim 1, wherein the first portion and the second portion are

spaced along a direction angularly offset with respect to the longitudinal axis.

5. The surgical fastener according to claim 4, wherein the second portion is adjacent the first

portion along a direction that is substantially perpendicular to the longitudinal axis.

6. The surgical fastener according to claim 1, wherein the surgical fastener body defines a
proximal end and a distal end spaced from the proximal end along the longitudinal axis, the
proximal end 1s configured to attach to a surgical device that emits an energy source, and the first

portion is disposed proximally with respect to the second portion.

10
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7. The surgical fastener according to claim 6, wherein the first and second portions are aligned

with respect to a direction that extends substantially parallel to the longitudinal axis.

8. The surgical fastener according to claim 1, wherein the surgical fastener body is substantially

tubular.

9. The surgical fastener according to claim 1, wherein the electromagnetic radiation has a

wave length 1n the range of 400 nm to 1800 nm.

10. The surgical fastener according to claim 1, wherein the electromagnetic radiation has a

frequency in the range of 1 kHz to 1 MHz.

1. The surgical fastener according to claim 1, wherein the electromagnetic radiation has a

frequency in the range of 100 kHz to 100 GHz.

12. The surgical fastener according to claim 1, wherein the second portion of the surgical
fastener body has a color sufficient to absorb electromagnetic radiation so as to cause the second

portion of the surgical fastener body to soften in response to the electromagnetic radiation.

13. The surgical fastener according to claim 12, wherein the color has a wavelength between 400

nm and 1800 nm.

14. The surgical fastener according to claim 12, wherein the color of the sccond portion of the

surgical fastener body comprises at least one of D&C blue 9 and indocyanine green.

15. The surgical fastener according to claim 1, wherein the second portion of the surgical

fastener body comprises a thermoplastic and a laser-absorptive additive to the thermoplastic.

16. The surgical fastener according to claim 1, further comprising at least one irrigation channel
that extends through the surgical fastener body in the direction of the longitudinal axis, the

irrigation channel configured to receive and carry an irrigation fluid.
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17. The surgical fastener according to claim 16, wherein the irrigation channel is open to the

bore.

18. The surgical fastener according to claim 16, wherein the irrigation channel extends into the

first portion of the surgical fastener body.

9. The surgical fastener according to claim 18, wherein the irrigation channel further extends

into the second portion of the surgical fastener body.

20. The surgical fastener according to claim 2, further comprising at least one closed passage
that extends through the surgical fastener body in the direction of the longitudinal axis between
the internal surface and the external surface, the closed passage configured to receive and carry

an 1rrigation fluid.

21. The surgical fastener according to claim 20, wherein the closed passage extends through the

first portion of the surgical fastener body.

22. The surgical fastener according to claim 20, wherein the closed passage extends through the

second portion of the surgical fastener body.

23. 'The surgical fastener according to claim 1, wherein the surgical fastener body is made of a
thermoplastic material comprising at least one of a poly-alpha-hydroxyester, polyorthoester,
polyanhydride, polyphosphazenes, poly(propylenefumarate), polyesteramide,
polyethylenefumarate, polylactide, polyglycolide, polycaprolacton, trimethylenecarbonate,

polydioxanone, and polyhydrobutyrate, as well as their copolymers and mixtures.

18
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