wO 20087129241 A1 |0 00000 0 0O 0

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO OO

International Bureau

(43) International Publication Date
30 October 2008 (30.10.2008)

(10) International Publication Number

WO 2008/129241 Al

(51) International Patent Classification:
A61B 17/68 (2006.01)

(21) International Application Number:
PCT/GB2008/001322
(22) International Filing Date: 15 April 2008 (15.04.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

0707534,4 19 April 2007 (19.04.2007) GB
0801800.4 1 February 2008 (01.02.2008) GB
0804648.4 13 March 2008 (13.03.2008) GB

(71) Applicant (for all designated States except US): SMITH
& NEPHEW PLC [GB/GB]; 15 Adam Street, London
WC2N 6LA (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MONTES DE
OCA BALDERAS, Horacio [MX/GB]; Smith & Nephew
Research Centre, York Science Park, Heslington, York
YO10 5DF (GB). BROWN, Malcolm [GB/GB]; Smith &
Nephew Research Centre, York Science Park, Heslington,
York YO10 5DF (GB). THOMPSON, Andrew [GB/GB];
Smith & Nephew Research Centre, York Science Park,
Heslington, York YO10 5DF (GB). HOWLING, Graeme

(74)

(81)

(34)

[GB/GB]; Smith & Nephew Research Centre, York Sci-
ence Park, Heslington, York YO10 5DF (GB).

Agent: CONNORS, Martin; Smith & Nephew Research
Centre, York Science Park, Heslington, York YO10 SDF
(GB).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

(54) Title: FIXATION DEVICE

FIG. 1B

16

12

16

(57) Abstract: The present invention relates to a fixation device and in particular to a device which aids anchoring of orthopaedic
fasteners and implants to bone. The invention also relates to a fixation apparatus and a method of fixation.



10

15

20

25

30

WO 2008/129241 PCT/GB2008/001322

FIXATION DEVICE

The present invention relates to a fixation device and in particular to a device which
aids anchoring of orthopaedic fasteners and prosthetic implants to bone. The invention

also relates to a fixation apparatus and a method of fixation.

The term fixation génerally refers to locating and anchoring prosthetic implants and
orthopaedic fasteners such as screws, pins, plates, cements and the like in surgical
operations to heal tissue such as bone for example. Howevér, locating such implants
and/or fasteners does not always prbvide sufficient anchoring and in some cases is
inappropriate and harmful. This problem is particularly. evidenf, for example, in surgical |
operations to treat and repair bone fracture in patients with Osteoporosis. Osteoporosis is
a disease of the bone whereby bone mineral density is reduced rendering the bone more
brittle. Osteoporotic bone thus fractures more easny and is clinically more difficult to treat

in terms of trauma and reconstructlve surgery.

Surgical repair of bone fracture generally involves placing a plate over the fractured
site so that the plate bridges the fracture, and anchoring the plate, using pins or screws, to
the bone. The combination of plate and screws, locates, realigné and supports the bone

about the fracture to aid healing.

However, screw fixation, éspecially in osteoporotic bone, is often poor as the screw
does not firmly fix to the bone. Generally, to enable a convéntional screw to be secured to
bone, it must be screwed into a slightly undersized hole in the bone. However this
subjects the bone to a substantial force which in some cases may damage or fracture the

bone. Furthermore, the force required to maintain a plate in place is of course taken up by

. the screws. This force is transferred directly to the area of the bone with which it is in.

direct contact. Where an additional load is transferred to the plate, for example on
mo.vement of the patient, this additional load is also distributed among the screws. Such
forces and loads tend to deform the surrounding bone and thus loosen the screws. To
alleviate this problem, a greater number of screws maybe used, distributing and spreading
the load over a Iargér number of contact points. Additional plates, cement and filler may
also be used. However, such a solution may not always be desirable especially where it is
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required to remove the plate and screws at a later stage or, as mentioned above, where

the patient has Osteoporosis.

A further problem assbciated with this type of surgical repair is the requirement to
prepare the bone to receive the particular shape of screw or pin. In this regard, the depth
of the hole drilled into the bone and the length of the screw must be within a precise
tolerance. If the prepared hole is shorter than the screw, the screw will not seat properly
and the plate may not be adequately secured to the bone. Furtherfnore, to provide

‘adequate anchoring of the pin, it must be inserted into the bone to a sufficient depth.

However, where the pin is inserted too deeply into the bone, the bone may break around
the thread of the screw and lose all fixation. In this case, a larger screw would need to be
inserted or the screw may need to be inserted in a new location. Bone breakage during

- this type of surgical procedure is particularly prevalent in patients having Osteoporosis.

it is an object of the present invention to address some or all of the above
mentioned problems and to provide a device which allows for improved fixation ingpoor
quality bone whilst reducing the load born directly by the bone.

Therefore, according to a first aspect of the present invention, there is provided a
plug which is capable of expansion upon insertion into a bone cavity and is adaptable to

receive a fastener or implant, thus anchoring the fastener or implant securely to the bone.

Preferably, the plug‘ is engineered onto or into the fastener or implant before

| insertion of the plug into the bone cavity to enhance fixation of the fastener or implant.

Therefore, according to a second aspect of the presentvinvention, there is provided

a fixation apparatus comprising a fastener and a plug.

Typically, the fastener is in fhe form of a screw or pin and the plug includes a
passage or passageway for receiving the screw. The fastener is thus fixated to the plug
rather than directly to the bone. As such, forces taken up by the fastener are relayed to

and thus shared with the plug rather than with the bone itself.
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Preferably, the plug comprises a material which is capable of changing shape on réceiving
a stimulus. Ideally, the plug comprises a shape memory polymer (SMP) material but may
also comprise a shape memory alloy, such as nitinol for example, or a combination of a

shape memory alloy and an SMP.

Shape memory polymers (SMPs) are materials that have the ability to "memorize" a
“permanent” macroscopic shape, be orientated or manipulated under temperature and/or
stress to a temporary or dormant shape, and then be subsequently relaxed to the original
or memorized, stress-free condition or shape. ‘Relaxation is usually prompfed or
encouraged by the application of thermal, electrical, or environmental energy to the
manipulated or orientated SMP. This relaxation is associated with elastic deformation
energy stored in the SMP during orientation of the SMP. The degree of orientation of the
SMP s the driving force that causes relaxation. Thus the greater the degree of orientation,
the greater will be the force or enérgy stored in the SMP and hence the greater will be the
force or energy driving relaxation of the SMP when triggered or prompted by an external

energy source.

SMPs like other polymers can be grouped into two main categories; they can be
amorphous, thus facking any regular positional order on the molecular scale, or they can
be semicrystalline which contain both molecularly ordered crystalline regions and

amorphous regions in the same sample.

Plastic deformation of amorphous SMPs and SMP composites results in the
formation of an orientated amorphous or semi-crystalline polymer network. Orientation of
SMPs and SMP composites can be ‘achieved by stretching, drawihg or applying a
compressive and/or shear force to the SMP. The SMP may be orientated by application of
any one or a combination of these forces and can be carried out at ambient temperatures
or elevated temperatures. Generally, the temperature of the SMP is raised above ambient
temperature to around the glass transition temperature (Tg) of the SMP before application
of the orientation force or fbrces. Raising the temperature of the SMP in this way helps
prevent the SMP from rupturing when the orientation force is being applied thereto. The
glass transition temperature is the temperature below which the physical properties of
amorphous SMPs behave in a manner similar to a solid, and above which they behave
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more like a rubber or liquid allowing the SMP to undergo plastic deformation without risk of
fracture. After the SMP. has been orientated, the temperature is reduced and the SMP is

fixed in a temporary or dormant configuration.

The orientated network is physically stable well below the glass transition
temperature (Tg) where molecular mobility is low. However, near or above the polymer's
glass transition temperature, molecular motion rabidly increases and causes the orientated
network to relax, usually accompanied by physical changes in the dimensions of the SMP.
During relaxation, the orientated SMP tends to recover the original dimensions of the
unorientated SMP, hence the name shape “memory” material.. However, recovery of the
original shape depends primarily on the degree of crystallinity, orientation, the micro and
nano-structures and the conditions under which the orientated network is relaxed. For
copolymers other important factors are their detailed composition and their specific thermal
properties, i.e. the glass transition and melting temperatures, of their components.

It is believed that the relaxation process occurs nearly at constant volume. The
degree of recovery during relaxation, for a semi-crystalline orientated SMP, depends on its
crystallinity and structure and complete recovery of its original shape is difficult. In
contrast, amorphous orientated SMPs, copolymers and their composites can return

substantially to their original shape under appropriate relaxation conditions.

The degree of orientation is the driving force that causes relaxation. The greater the
degree of orientation, i.e. the force or forces applied to the SMP, the greater will be the

driving force.

During relaxation, the orientated SMP releases. stored internal forces or energy.
For example, an SMP of cylindrical shape orientated by applying a stretching force
uniaxially along its longit'udinal axis will shrink in length and expand in diameter during
relaxation under free boundary conditions, i.e. where no physical constraints are imposed.
Hence, when the cylindrical shaped SMP relaxes, it will induce a shrinkage force along its
longitudinal axis and also an expanding force in the radial direction. These longitudinal
and radial forces are propdrtional to the degree of orientation and mass of orientated
polymer. The greater the degree of orientation, i.e. the greater the forces applied to the
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SMP during orientation, and tHe greater the mass of the SMP, the greater these
longitudinal and radial relaxation forces will be. For SMPs of other geometries, the
relaxation forces will also depend on the degree or magnitude of the orientation force, the
direction of the applied orientation force, as well as the mess of the orientated SMP. The
rate of relaxation or the rate of shape recovery of the SMP is dependent on sample
gedmetry, processing conditions and more importantly on the mass and thermal diffusivity
of the SMP. |

The glass transition temperatufe of the SMP will vary based on a variety of factors,
such as molecular weight, composition, structure of the polymer, and other factors known
to one of ordinary skill in the art, but is generally in the region of between 35-150°C.

: Preferably, the plug comprising the SMP is pre-stressed or orientated. However, it
will be appreciated that the plug can be pre-stressed or orientated at ény time prior to use

or insertion into a bone.

The plug and passage are advantageously cylindrical in shape and the passage
preferably lies centrally and along a longitudinal axis of the plug. The cylindrical shape of
the plug is preferable as it prevides an easy fit into a drilled hole of the bone which is also
genefally cylindrical in shape. Locating the passage centrally of the plug allows the stress

loading on the screw to be spread evenly to and over the plug.

The cylindricel plug is typically orientated by stretching the plug along its
longitudinal axis. Orientation in this manner lengthens the plug and reduces its diameter.
Preferably, the plug is orientated until its diameter is less than the diameter of the hole
prepared in the bone into which it will be placed., In this way, the plug can be inserted into
the bone with little or no force. -This is paﬂi‘cularly important where the bone is brittle as

such force may cause fracture or even breakage of the bone.

Preferably, the plug is also orientated about the passage by stretching the passage
in the radial direction. This can be done, for example, by forming the passage having a
diameter smaller than the diameter of the fastener to be inserted therein, and forcing

through the formed passage an elongate mefnber, such as a pin for example, with a
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diameter greater than the diameter of the formed passage. Forcing the pin in this manner

stretches the passage in the radial direction.

Preferably, the fastener has a head portion and an elongate shank extending: from
said head portion. Preferably, the diameter of the head portion is less than or equal to the
diameter of the relaxed plug. In this way, there is no overlap between the fastener and the
bone. Any load transferred to the fastener is thus not taken up by the bone but transferred

to and shared directly with the plug.

In use, and after the orientated piug has been inserted into the prepared bone
cavity, the plug is relaxed, typically by transferring heat thereto. Relaxation of the plug
causes it to expand radially towards the cavity wall until it completely fills. the cavity. The

- force of the relaxing plug against the cavity wall securely anchors the plug therein. The

material of the plug when relaxing also fills any irregularities in the cavity wall which further

acts to anchor the plug in the cavity.

Relaxation of the plug also encourages radial contraction of the passage wall
towards the fastener. Radial contraction of the passage is'pronounced where orientation

~of the plug includes radial stretching. The force of the relaxing plug against the fastener

provides a tight fitting grip around the fastener which dramatically improves anchoring of
the fastener within the plug. Where the fastener is a screw, for example, the passage wall
of the relaxi'ng plug conforms to the shape of the thread, providing a further anchoring

effect along the threads of the fastener.

Preferably, the fastener is a‘ metal fastener. Advantageously, heat may be

-transferred to relax the plug via the fastener. For example, a heating probe can be applied

to the head portion of the metal fastener which will conduct ‘the heat along the length of the
fastener and thus transfer the heat more evenly to the plug. The plug may advantageously
include heat conductive particles, such as metal particles, to more evenly and quickly
distribute the heat throughout the plug. The fastener may also include a channel
extending along a length thereof, terminating in an opening at the head portion. This
would allow the heating element or probe to be inserted directly into the screw and along

the channel providing for improved heat transfer from the screw to the plug.
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- Alternatively, the screw can be of a non-metallic material, for exarﬁple, PEEK or PE.
The screw may also be of a SMP material which may be the same or different from the
SMP material of the plug. Preferably, the SMP material of the plug and fastener are
different. In this way, the plug and fastener will relax at different rates, which increases the
frictional stresses between the expanding fastener and plug thus improving the anchoring

effect of the fastener within the passage of the plug.

Preferably, the fixation apparatus comprises more than one plug and fastener.
Preferably, the fixation apparatus includes a support member for placing over the fractured
site so that the support member bridges the fracture. Preferably, the support member is a
plate. The plate can be substantially flat or configured to accommodate the shape of bone
to which it is attached. The plate may include holes for receiving the fasteners or may
have a suitable number of holes formed therein prior to use. In use, the plate is anchored
to the bone using a number of fasteners and plugs. The combination of plate, fasteners
and plugs provides a way of I}ocating, realigning and supporting the boné about the

fracture to aid healing.

Therefore, according to a third aépeét of the invention there is provided é method of

bone fixation for repairing fractures comprising the steps of:-
forming cavities in the bone adjacent the fracture;
locating the fixation apparatus to the fractured area; and

expanding the plugs within the cavities thus anchoring the fixation apparatus to the

bone.

Typically, the cavities are formed using a conventional surgical drill and are of a
generally cylindrical shape}mirroring the shape of a conventional drill bit. However, the
cavity can be of any suitable shape; the plug being capable of expansion to fill the cavity
regardless of its shape. For example, the cavity can have a square, elliptical or hexagonal
cross section; the. noncircular nature of the cavity further inhibiting rotational movement of

the plug and thus slippage within the cavity.
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Preferably, the surface of the cavity wall is non-smooth allowing the smp plug to
relax and expand into the irregularities in the cavity wall giving the plug further pufchase
therein, thus further improving the anchoring of the plug in the cavity. Alternatively, the
cavity may be formed to include one or more grooves in the wall of the cavity.
Alternatively, or in addition, the cavity may be contoured allowing the smp plug to relax to

fill the contour.

Locating the fixation apparatus generally includes the steps of inserting an
orientated plug into each cavity formed. The plate is placed over the fracture such that the
holes in the plate for receiving the fasteners are aligned with the passage of each plug.
Each fastener is inserted through a hole in the plate and into the passage of the plug, thus
fixing the plate to the plugs. Where the fastener is a screw, for example, it is more
effectively introduced into the passage of the plug by a screwing action. The SMP plugs
are then relaxed by stimulating molecular motion of the SMP resulting in radial expansion
of the plug. Radial expansion of the plug wedges the plug within the cavity thus anchoring
the plug and thus the fixation apparatus more securely to the fractUred site. Relaxing the
SMP plug also radially contracts the passage of the plug so that it more tightly secures the
fastener therein further securing the fixation apparatus to the bone.

Preferably, stimulation of molecular motion is achieved by the application of energy
to the SMP plug from an external source. Preferably, the energy applied is in the form of
heat. Heat from a heating probe, for example, can be applied directly to the fastener which
in turn would transfer the heat more évehly through and along the length of the plug
providing for a more even expansion of the plug within the cavity. Preferably, the SMP is
heated above the glass transition temperature (Tg) of the SMP.  This temperature is

dependent on the type of SMP used but is generally in the range of 45 to 135°C.

Alternatively or additionally, the expansion step may be prompted or triggered by
the application of a different form of energy, for example, a magnetic field, an electric
current, ultrasound, electromagnetic radiation such as microwaves, visible and infrared

light, or by a combination of any one of these forms of energy.
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Stimulating molecular motion of the SMP may also be aéhieved by exposing the
orientated SMP to a plasticizer. Exposure of the SMP to a plasticizer reduces the Tg of the
SMP, thus increasing its molecular mobility. In this way, the ‘molecular mobility of the
orientated SMP may be increased sufficiently to cause the orientated network to relax.
Where exposure of the orientated SMP to a plasticizer is not sufficient to relax the SMP,
energy, in the form of heat for example, may also be applied to the SMP. In this way, the
orientated SMP can be relaxed at a temperature less than would be necessary where the

. SMP is relaxed using heat alone. As such, the SMP can be shaped at lower

temperatures, thus allowing the addition of temperature sensitive materials to the SMP.
Temperature sensitive materials may include, for example, releasable bioactive agents
such as monobutyrin, bone marrow aspirate, angiogenic and osteogenic factors which will

aid bone fracture repair.

Plasticizers may be in the form of a biocompatible volatile liquid or gas. Examples of

- such gaseous plasticizers include but are not limited to, oxygen and carbon dioxide.

Examples of such liquid plasticizers include but are not limited too, water and inorganic

aqueous solutions such as sodium chloride solution.

Preferably, the SMP is biocompatible and can be resorbable or non-resorbable, or a
combination of both. Example of éuitable SMPs include but are not limited too
pdlyetheretherketone (PEEK), polymethyi methacrylafe (PMMA), polyethyl methacrylate
(PEMA), polyacrylate, poly-alpha-hydroxy acids, polycapropactones, polydioxanones,
polyesters, polyglycolic acid, polyglycols, polylactides, polyorthoesters, polyphosphateé,
polyoxaesters, polyphosphoesters, polyphosphonates, polysaccharides, polytyrosine
carbonates, polyurethanes, and copoiymers or polymer blends thereof.

Preferably, the SMP is a reinforced SMP. Preferably, the reinforced SMP
comprises a composite or matrix including reinforcing material or phases such as fibers,
rods, platelets, and fillers. More preferably, the polymeric material can include glass

fibers, carbon fibers, polymeric fibers, ceramic fibers, or ceramic particulates.

Preferably, the plug is coated with an osteogenic material such as, for example,

hydroxyapatite or calcium phosphate.
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Preferably, the plug and/or fastener and/or support member is porous or semi-
porous. Porosi{y of the fixation apparatus will allow infiltration thereof by cells from

surrounding tissues, enhancing integration thereof by oéte‘ointegration, for example.

Preferably, one or more active agents are incorpofated into the plug and/or fastener
and/or support member. Suitable active agents include but are not limited too anti-
osteoporotic agents, bisphosphonates, bone ‘morphogenic proteins, antibiotics, anti-
inflammatories, angiogenic factors, osteogenic factofs, growth factors, monobutyrin,
omental extracts, thrdmbin, modified proteins, platelet rich plasma/solution, platelet poor

plasma/solution, bone marrow aspirate, and any cells sourced from flora or fauna, such as

living cells, preserved cells, dormant cells, and dead cells.

Preferably, the active agent is incorporated into the plug and is released during the
relaxation or degradation of the SMP. Advantageously, the incorporation of an active
agent can also act to combat infection at the site of implantation and/or to promote new

tissue growth.

Preferably, an outer surface of the smp plug is coated with a bonding or interfacial ‘
enhancing agent. Preferably, the bonding agent is at least partially melted when relaxing
the smp plug. On relaxing the smp plug, the meited bonding agent is forced agéinst and in
some cases into the surrounding bone by the force of the relaxing plug. The bonding
agent can be an adhesive, for e_xample; or comprise a material which melts at the
temperature required to relax the orientated smp plug. Preferably, the bonding agent is
polycaprolactone (PCL). ' | ' |

Preferably, the bonding ageht includes biologically active elements which may be
released when relaxing the SMP plug. The bonding agent may also include mechanically |
modifying elements which modify the physical or mechanical properties of the SMP plug,
for example, the degradation rate or flow properties of the SMP plug. Alternatively, the
plug may include an outer modifyfng sleeve or coating which includes the biologically

active elements and/or mechanically modifying elements.

10
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Typically, the outer modifying sleeve or coating is less viscous than t'he SMP plug at
the same temperature. the outer modifying sleeve or coating can cover the entire outer
surface of the SMP plug or only a portion thereof. For example, the outer modifying sleeve
can be in the form of strips. The outer modifying sleeve or coating can be soluble and can
comprise a resorbable and/or non resorbable polymer.

Preferabiy the outer modifying sléeve or coating is hydrophilic which, on exposure
to aqueous fluid, expands to form a gel capable of releasing the biolbgically active.

" elements and/or mechanically modifying elements.

Embodiments of the invention will now be described by way of example only and

with reference to the accompanying drawings, in which:-

Fig. 1A is a cross-sectional side view of a fixation apparatus according to the
present invention including an orientated plug containing a fastener in the form of a écrew,
illustrating insertion thereof into a bone cavity, the bone cavity clearly having a larger

diameter than the orientated plug;

Fig. 1B is a view similar to Fig. 1A showing the fixation apparatus secured within the
bone cavity, the arrows labelled E clearly illustrating the radial expansion of the SMP plug

towards the cavity walls after triggering the plug to relax;

Fig. 2A is a perspective view and from the side of an orientated cylindrical plug

according to the invention having a central cylindrical passage;

Fig. ZB is a similar view of the orientated plug of Fig. 2A inserted into the cavity of a
bone, clearly illustrating that the diameter of the orientated plug is less than that of the

cavity for ease of insertion of the plug therein;
Fig. 2C is a view similar to that of Fig. 2B clearly showing the plug wedged in the

cav‘ity after relaxing of the plug, the arrows labelled E clearly illustrating radial expansion of

the plug towards the cavity walls;

11
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Fig. 2D is a view similar to that of Fig. 2C illustrating insertion of a fastener into the

passage of the plug;

Figs 3A to 3E are plan view of various constructions and shapes of plug according

to the present invention showing the passage located centrally;

Figé 4A to 4E are plan view of various constructions and shapes of plug similar to

those of Figs 3A to 3E show_n here without a passage;
Figs 5A to 5D illustrate insertion and expansion of the plug according to the present
invention into cavities having different shapes, including cavities which in plan view

resemble a hexagon, an ellipse and a square;

Figs 6A to 6C are side views, shown in part, illustrating insertion of the fixation

- apparatus (in part) according fo the present invention into a bone cavity, the cavity wall

having grooves into which the orientated plug relaxes on stimulation thereof providing for
improved anchorage of the plug in the cavity, the arrows labelled E clearly illustrating -

radial expansion of the plug towards the cavity walls;

Figs 7A to 7C are side views similar to Figs 6A to 6C illustrating a different

construction of groove in the cavity wall;

Figs 8a to 8d illustrate assembly of the fixation kit, including plug, fastener and plate

to the fractured bone site according to the present invention;
Fig 9 is a plan view of fig. 8B;
Fig 10 is a view, shown patrtially in plan view, of fig. 8C;

Figs 11a to 11d are cross-sectional side views of contoured bone cavities having

different configurations;

- 12
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Figs 12a to 12d afe pictorial views of the contoured bone cavities of figs 11a to 11d

shown here with a relaxed plug container a fastener;

Fig 13 is a pictorial view of an orientated smp plug having a layer of
polycaprolactone (PLC) coated on its outer curved surface, the smp plug shown here

having a measurement ruler in the background to indicate size;

Fig 14a is a cross sectional side view, viewed through an optical microscope, of the

plug of fig 13 relaxed in a bone cavity; and

Fig 14b is a cross sectional side view, viewed through an optical microscope, of the
plug of fig 13 relaxed in a bone cavity without the layer of polycaprolactone (PCL).

Referring to the drawings ‘and initially to Fig. 2a, there is shown a cylindrical
orientated smp plug indicated generally by the reference numeral 2 having an outer wall 4
and a passageway 6 running centrally of the plug 2 and along the longitudinal axis thereof.
The passageway 6 terminates at a leading end 8 of the plug 2 in an opening 10 suitable
for receiving a metal screw 12. The passageway 6 is of a length to accommodate the

length of the shaft of the screw 12.

In this embodiment, the plug 2 has been orientated by stretching it along its
longitudinal axis. This results in an elongation of the plug 2 and a narrowing of its

diameter.

'Figs 2B to 2D illustrate placement of a single plug 2 only in a prepa_red cavity 14 in
a bone 16 adjacent a fracture (not shown). However, it will be appreciated that a number
of plugs 2 surrounding the fracture may be placed in a similar manner. In this
embodiment, the plug 2 is inserted into the cavity 14 as shown in Fig. 2B and then relaxed
as shown in Fig. 2C. Relaxation of the plug 2 is stimulated by the application of heat
thereto which in this embodiment is ,abplied using a heating probe (not shown). Relaxation
of the plug 2 causes the plug 2 to expand radially towards the wall of the cavity 14 which
wedges the plug 2 within the cavity 14, forming a tight fit and thus securely anchoring the
plug 2 therein. This can be seen most clearly from Fig. 2C. After relaxation of the plug 2,

13
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an implant, which in this embodiment is the screw 12, is inserted into the passageway 6 of

the plug 2 and fixed therein.

ths 8A to 8D illustrate a further embodiment of locating the fixation apparatus .

. including orientated smp plugs 2a, 2b, metal fasteners 12a, 12b and plate 18, of the

present invention to a fractured bone site 16 including a fracture 20. In this embodiment
the bone 16 is prepared for receiving the fixation apparatus by drilling a cavity 14a, 14b on
both sides of the fracture 20. The cavities 14a, 14b are sized to receive the orientated

plugs 2a and 2b.

The plate 18 which includes through holes 22a and 22b, for receiving screws 12a

~and 12b, is placed over the plugs 2a and 2b such that the holes 22a and 22b are aligned

with openings 10a and 10b of the plugs 2a and 2b respectively.

Each plug 2a, 2b is orientated prior to insertion into the cavities 14a, 14b. In this
embodiment, each plug 2a, 2b has been orientated by stretching it along its longitudinal
axis. This results in an elongation of the plug 2a, 2b and a narrowing of its diameter. The
plug 2a, 2b is also orientated about the paséageway 6a, 6b by stretching the passagéway
6a, 6b in the radial direction. This is done by first drilling a passageway 6a, 6b having a
diameter smaller than the diameter of the elongated shaft of the screw 12a, 12b to be
inserted therein. Forcing a pin (not shown) with a diameter greater than the diameter of

- the passageway 6a, 6b stretches the passageway 6a, 6b in the radial direction. The

diameter of the pin is equal to or marginally less than the diameter of the elongaté shaft of
the screw 12a, 12b so that it is stretched to a suitable size to receive the screw 12a, 12b.

The plate 18 is placed over the fracture 20 such that the holes 22a, 22b in the plate '
18 for receiving the screws 12a, 12b are aligned with the openings 10a and 10b of the
plugs 2a, 2b. Each screw 12a, 12b is inserted through the hole 22a, 22b in the plate 18
and into the passage 6a, 6b of the plug 2a, 2b, thus fixing the plate 18 to the plugs 2a, 2b.
Where the fastener is a screw, for example, it is more effectively introduced into the
passage of the plug by a screwing action. The plugs 2a, 2b are then relaxed by heating
the SMP resulting in radial expansion of the plugs 2a, 2b towards their original shape.
Radial expansion of the plugs 2a, 2b wedges them within the cavity, forming a tight fit and
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thus securely anchoring the plugs 2a, 2b therein and thus the fixation apparatus more
securely to the fractured site. Relaxing the SMP plug also radially contracts the passage
6a, 6b of the plug 2a, 2b towards its original shape so-that the passage 6a, 6b effectively
grips the shaft of the screw 12a, 12b therein thus further securing the fixation apparatus to

the bone.

Heat is applied to the plugs 2a, 2b using a heating probe 24, which is applied
directly to the heads of the screws 12a, 12b. The metal screws 12a, 12b conduct the heat-
along the shaft of the screws and radiate the heat to and along the length of the plugs 2a, |
2b. | | " |

To illustrate the performance of the fixation apparatus of the present invention, tests
were undertaken to compare the anchoring strength of the fixation apparatus and that of a

“normal screw threaded bolt.

Test A included the insertion of a standard metal, screw threaded bolt into the plug
of the present invention. The plug was formed from a die-drawn smp composed of PLA-co-
DL 70:30 (65% wt) and CaCOs (35% wt). The plug with bolt was inserted into a slightly
oversized hole in a 20 pounds per cubic feet (pcf) Sz_awbonés block and then heated with
water at 80°C for approximately 4 min to relax the plug. - Test B used the same type of
plug and bolt as in test A, but in this case, the plug only was inserted into the slightly
oversized hole and heated. After heating, the bolt was then screwed into the plug. Test C
simply included the insertion of the same type of bolt into a same-size hole drilled in 20pcf
Sawbones. All the bolts were pulled out of the Sawbones at a rate of 10mm/min. The
results are given in table 1 below and show that the SMP plug improves fixation of the bolt.

Table 1 _
Test ' Failure load (N)
A) Bolt and sleeve heated 220

B) Sleeve heated, bolt screwed in 190

C) Bolt screwed in, no sleeve. 129

It will be appreciated that the plug 2a, 2b may be orientated such that the diameter
of the passageway 6a, 6b is slightly larger than the diameter of the shaft of the screw 12a,
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12b. As with insertion of the plug into the cavity, this allows for ease of insertion of the

. screw into the plug requiring minimal force. This is of course advantageous where the

bone is brittle and forcing the plug or screw may damage or break the bone.

'Referring now to figs -11a to 11d and figs 12a to 12d; there is shown, in part, four
samplés of bone having bone cavities 14, each cavity having a different confouringf A
orientated shape memory plug 2 comprising a mixture of PLLA-CO-DL and CaCO3 (25mm
length X 13mm outer diameter) and containing a metal fastener 12 of 8mrﬁ in diameter

‘was placed into each of the cavities 14. Each plug 2 was heated for 15min at 175° using a

4 mm diameter heat‘ing probe. In each case, the SMP plug 2 was observed to relax and
éxpand into the contouring of the cavity 14. The SMP plugs 2 were then allowed to cool
after which the fixation force was measured as follows:-

Each sample of bone containing relaxed plug 2 as described above was placed on
a cylindrical support on an Instron 5566 test machine(not shown). A rigid metal probe of
8mm diameter, connected rigidly to a 10kN load cell, was pressed against the one end of
the plug 2 at 2mm/min. The maximum force to push out the plug 2 in each case was

recorded and is shown in table 2 below.

Table 2
Sample | Geometry of Cavity Pushout force
| Figla - P _ _
' X 200 N
5|
Fig 11b o e
E‘ gl i 1365 N
|
Fig 11c
- 1472 N
Smm
14mm
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Fig 11d

14mm

-—

BERH 2400 N

18mm

Referring now to fig 13, 14a and 14b, two orientated cylindrical smp plugs 2 were
prepared, each having a length of 25mm and an outer diameter of 15 mm. The smp plug

2 shown in fig 14a is coated on the exterior curved surface thereof with PLC fibre 200

which is 0.65 mm thick and extends centrally along, and approximately 2/3 of the length of,
the smp plug 2. The orientated plug 2 shown in fig 14b does not contain the coating of
PLC; in ever other respect it is identical with the smp plug 2 of fig 14a. Both orientated
smp plugs 2 of figs 14a and 14b were placed in bone cavities in 20 PCF Sawbones block
to produce test sample a and b respectively. The cavities in each sample were 40mm
deep and 18.78mm in diameter. Each sample was then immersed in hot water at
approximately 90°C for 10 minutes. The samples were then cooled by immersion in cold
water for 15 minutes.

Each sample was sectioned and examined with-an optical microscope to determ/ine the

effect of the PCL on the smp plug-Sawbones block interface.

It was observed in the case of the smp plug of fig 14a that the PCL coating melted,

~and as the SMP plug relaxed, the PCL was forced into the Sawbones block, penetrating its -

pores improving the bond between the smp plug and the Sawbones block.

To further investigate the effect of an smp plug having a PLC coating, two
orientated cylindrical smp plugs were prepared each having a diameter of 15mm and a
length of 27 mm. In each case, a stainless steel sleeve was inserted through a central
passage running along the central longitudinal axis of the smp plug. The stainless steel
sleeve had a 4mm internal diameter and a 4.7 mm external diameter. One of the smp
plugs was coated on a central portion of the exterior curved surface thereof with PLC fibre,
the coating extending approximately 2/3 of the length of the smp and being 0.65mm thick.

Each smp plug was piaced in a cavity in a 20 pcf Sawbones block. Each cavity was

17.3 mm in diameter and 40mm deep The smp plugs were then relaxed by placing a 4mm
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diameter heating probe into the stainless steel sleeve. The probe was heated to 175°C for
15 minutes. The probe was then removed and the smp plugs were allowed to cool to room

temperature.

Each smp plug was then mechanically tested uéing a “push-out” test. The
Sawbones block with smp plugs was mounted on a ring support and the each smp plug, in
turn, was pushed out using an Allen key having a diameter of 8mm, at a speed of
1mm/min. The peak force required to move each smp plug, and thus break the anChoring
bond of the smp plug in the cavity, was recorded. In both cases this was the force
required to start the smp plug moving in the cavity. The results are shown in table 3

below.

Table 3

Sample Peak pushout force

SMP plug (containing no PCL|208N

coating)

SMP plug (containing PCL fibre | 1586N

coating)

The anchoring strength for the smp plug containing PCL fibre coating was found to
be 662 % stronger than the control.

It will also be appreciated that the SMP plug may also be relaxed after insertion into

the cavity but prior to insertion of the screws.

It is envisaged that fasteners other than orthopaedic screws may be used, for
example, nails or pins. Fdrthermore, whilst the fixation apparatus is particularly useful for
repéiring fracture in brittle bones where the bone may be unable to withstand the A
pIacemént of a screw, nail or .pin or indeed the forces which would subsequently be
applied thereto, the fixation apparatus may also be advantageously applied to normal

bone.
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It is also envisaged that the fixation apparatus may include a plug without a
passageway. This would enable the surgeon, for example, to drill a hole with specifically

required dimensions allowing selection of an appropriate screw, nail or pin.

It will be appreciated that the passageway may run the full length of the plug giving
the plug a tubular configuration or may extend along a part thereof. The length of the
passageway, however, must be sufficiently long to accommodate the length of the shaft of

the fastener.

It is envisaged that the fixation apparatus, which comprises a kit or a kit-of-parts
|nclud|ng the plug, fastener and support member, may also be pre-assembled or partially

assembled.

The plug, fixation apparatus and method of application are not limited to the
embodiments hereinbefore described but may be varied in both construction and detail

within the scope of the appended claims.
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1.

Claims
A fixation device, comprising a plug which is capable of expansion upon

insertion into a bone cavity and is adaptable to receive a fastener or implant.

A fixation device as claimed in claim 1, wherein the plug includes a

'passageway for receiving the fastener.

A fixation device as claimed in claim 2, wherein the passageway lies
centrally and along a longitudinal axis of the plug. '

A fixatibn device as claimed in claim 1 or claim 2, wherein the plug

Acomprises a material which is capable of changing shape on receiving a

stimulus.

A fixation device as claimed in any preceding claim, wherein the plug
comprises a shape memory polymer or a shape memory alloy or a

combination of a shape memory alloy and a shape memory polymer.

A fixation device as claimed in any preceding claim, wherein the plug is

porous or semi-porous.

A fixation device as claimed in any preceding claim, wherein an outer surface
of the plug is coated with a bonding agent.

A fixation device as claimed in any preceding claim, wherein the plug
includes an outer modifying sleeve or coating which includes biologically

active elements and/or mechanically modifying elements.

A fixation apparatus comprising a fixation device as claimed in any of claims

1 to 8 and a fastener.

20
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10.

1.

12.

13.

14.

15.

16.

17.

18.

A fixation apparatus as claimed in claim 9, wherein the fastener cbmprises a
head portion and an elongate shaft extending therefrom, the diameter of the

head portion being less than or equal to the diameter of the plug.

A fixation apparatus as claimed in any of claims 9 to 10, wherein the fixation

apparatus includes a support member.

A fixation apparatus as claimed in claim 11, wherein the support member is a
plate.

A fixation apparatus as claimed in claim 12, wherein the plate is substantially
flat or configured to accommodate the shape of bone to which it is attached.

A fixation apparatus as claimed in any of claims 9 to 13, wherein the fastener
is metallic or non-metallic, or comprises a shape memory polymer, or

comprises a shape memory élloy, or any combination thereof.

A fixation apparétus as claimed in any of claims 9 to 13, wherein the fastener

and/or support. member is porous or semi-porous.

A method of bone fixation for repairing fractures comprising the steps of:-
forming at least one cavity on the bone adjacent the fracture;
locating the fixation apparatus to the fractured area; and
expanding the plug within the cavity thus anchoring the fixation

apparatus to the bone.

A method of bone fixation as claimed in claim 16, wherein the plug is
orientated along its longitudinal axis. '

A method of bone fixation as claimed in claim 16 or 17, wherein the plug is
orientated in the radial direction.

21
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19.

20.

21.

22.

23.

A method of bone fixation as claimed in any of claims 16 to 18 wherein the
step of expanding the plug includes exposing the orientated SMP to a

plasticizer.

A method of bone fixation as claimed in any of claims 16 to 19, wherein the
step of expanding the plug includes applying energy to the plug.

A method of bone fixation as claimed in claim 20, wherein the energy is heat,
or a magnetic field, or an electric current, or ultrasound, or electromagnetic

radiation, or a combination thereof.

A method of bone fixation as claimed in any of claims 16 to 21, wherein the
step of forming the cavity includes forming irregularities or a groove or
grooves in a wall of the cavity.

A prosthetic implant comprising a fixation device as claimed in any of claims
1 to 8.

22
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