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FIG. 1

(57) Abrege/Abstract:
An Implantable device (20) includes a first anchor (22), configured to be implanted Inside a first bone (24), and a second anchor
(26), configured to be implanted inside a second bone (28), adjacent to the first bone. A cord (30) connects the first and second
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(57) Abrege(suite)/Abstract(continued):
anchors. A shock absorber (42) contained within at least one of the first and second anchors is coupled to the cord so as to deform

IN response to a force exerted on the cord. The shock absorber may also include a force adjuster (48). The device may include an
adjustment mechanism (44), which is operable, after implantation of the first and second anchors in the first and second bones, to
adjust a length of the cord extending between the first and second anchors.
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FIG. 1

(57) Abstract: An implantable device (20) includes a
first anchor (22), configured to be implanted inside a
first bone (24), and a second anchor (26), configured to
be implanted inside a second bone (28), adjacent to the
first bone. A cord (30) connects the first and second an-
chors. A shock absorber (42) contained within at least
one of the first and second anchors 1s coupled to the cord
so as to deform 1n response to a force exerted on the
cord. The shock absorber may also include a force ad-
juster (48). The device may include an adjustment mech-
anism (44), which 1s operable, atter implantation of the
first and second anchors in the first and second bones, to
adjust a length of the cord extending between the first
and second anchors.
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ORTHOPEDIC IMPLANT FOR TREATMENT OF BONE DEFORMITIES

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Patent Application 61/377,952,
filed August 29, 2010, which is incorporated herein by reference.

FIELD OF THE INVENTION
The present invention relates generally to devices and methods for orthopedic surgical

procedures, and specifically to implantable devices for treatment of deformities of the bones 1n

the foot.

BACKGROUND OF THE INVENTION

“Hallux valgus” or “hallux abducto valgus™ 1s a common disorder of the forefoot, which
1s associated with bunion deformity. The term refers to an abnormal slant of the big toe relative
to the second toe. It is one of the most common pathologic conditions affecting the foot and
tfoes.

Hallux valgus results from a medial deviation of the first metatarsal bone and lateral
deviation and/or rotation of the big toe (hallux), with or without medial soft-tissue enlargement
ol the first metatarsal head (bunion). In normal feet, the angle between the first and second
metatarsal bones (known as the Inter-Metatarsal Angle, or IMA) is typically in the range of 6-
9°. In hallux valgus, this angle may increase to more than 12° in moderate cases and more than
16° in severe cases. Treatment of hallux valgus often includes surgical intervention to reduce
the inter-metatarsal angle.

A number of surgical devices and techniques have been developed for reduction of the
inter-metatarsal angle. For example, U.S. Patent Application Publication 2010/0152752, whose
disclosure 1s incorporated herein by reference, describes a method and apparatus for bunion
repair using a suture-passing K-wire. (A K-wire, or Kirschner wire, i1s a sharpened, smooth
metal pin, widely used in orthopedic surgery, which is driven into the bone using a drill.) The
K-wire 1s used to pass a suture through the first and second metatarsal bones. The first and
second metatarsals are pushed together to correct the inter-metatarsal angle deformity, and the

suture 1s tied in this position to hold anchor buttons against the bones. Arthrex, Inc. (Naples,
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Florida) offers a commercial product of this sort, known as the Min1 TightRope, which 1s also
described in U.S. Patent 7,875,058.

PCT International Publication WO 2009/018527 describes a fixation and alignment
device for use in orthopedic surgery. for the correction of bone deformities. The device is part
of an anchoring system that is said to be suitable for surgical repair of hallux valgus and other
conditions. The system 1s used to anchor two or more sections of bone or other body parts and
to align one section relative to another.

PCT International Publication WO 2010/093696 describes devices for treating hallux
valgus using dynamic tensioning components or heat shrinkable components to urge two
metatarsals together to treat a bone deformity. The dynamic tensioning component exhibits
elasticity and has a tensioned state and an untensioned state. In the tensioned state, the
component urges first and second anchors, attached to the first and second metatarsal bones,

toward each other.

SUMMARY

Embodiments of the present invention that are described herein below provide
implantable surgical devices and methods for treatment of bone deformities, such as hallux
valgus.

There is therefore provided, in accordance with an embodiment of the present invention,
an implantable device, including a first anchor, configured to be implanted inside a first bone,
and a second anchor, configured to be implanted inside a second bone, adjacent to the first
bone. A cord extends between the first and second anchors. A shock absorber, contained within
at least one of the first and second anchors, is coupled to the cord so as to deform in response to
a force exerted on the cord.

In a disclosed embodiment, the shock absorber includes a spring and a force adjuster,
which is configured to adjust a baseline deformation of the spring, typically by compressing the
spring.

In some embodiments, the force adjuster includes a first screw contained within the first
anchor, and the adjustment mechanism includes a second screw, which 1s coaxial with the first
screw. An adjustment tool, which includes first and second coaxial drivers, may be used to

engage and turn the first and second screws, respectively. In a disclosed embodiment, the
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adjustment tool includes a tip, which engages a socket in the at least one of the first and second
anchors so as to prevent rotation of the cord as the first and second screws are turned. The tip
may be configured to be broken off the tool after adjustment of the force adjuster.

In one embodiment, the shock absorber includes first and second shock absorbing
elements, having different, respective responses to the force exerted on the cord.

In some embodiments, the device includes an adjustment mechanism, contained within
at least one of the first and second anchors and operable, after implantation of the first and
second anchors 1n the first and second bones, to adjust a length of the cord extending between
the first and second anchors. In a disclosed embodiment, the adjustment mechanism includes a
screw, which causes an end of the cord to be drawn into one of the anchors as the screw is
turned.

In disclosed embodiments, the first and second anchors are cylindrical and have
respective first and second diameters, wherein the first diameter 1s greater than the second
diameter. The first and second anchors may include respective collars at respective proximal
ends of the anchors for engaging respective surfaces of the first and second bones, wherein the
device includes a fastener configured to engage a distal end of the second anchor so as to secure
the second anchor in the second bone. Additionally or alternatively the collar of the first anchor
may contain one or more holes that are configured to receive a suture for attachment to tissue in
proximity to the first bone.

Typically, the cord includes multiple strands of a metal wire, and the first and second
anchors are sized and shaped for implantation inside the first and second metatarsal bones,
respectively.

There is also provided, in accordance with an embodiment of the present invention, a
method of surgical treatment, which includes implanting a first anchor inside a first metatarsal
bone of a foot, and implanting a second anchor, which 1s connected to the first anchor by a
cord, inside a second metatarsal bone of the foot. A shock absorber contained within one of the
first and second anchors 1s coupled to the cord so as to deform 1n response to a force exerted on

the cord.

A baseline deformation of the shock absorber may be adjusted so as to alter the response

to the force.
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In a disclosed embodiment, the method includes, after implanting the first and second
anchors, adjusting a length of the cord that extends between the first and second anchors using
an adjustment mechanism inside at least one of the anchors so as to modify an inter-metatarsal
angle of the foot.

Typically, the first and second anchors are cylindrical and have respective first and
second anchor diameters, wherein the first anchor diameter is greater than the second anchor
diameter, and implanting the first and second anchors includes drilling first and second bores
respectively 1n the first and second bones, the bores having respective first and second bore
diameters 1n accordance with the first and second anchor diameters, passing the second anchor
through the first bore into the second bore, and inserting the first anchor into the first bore.

In a disclosed embodiment, passing the second anchor includes passing a K wire
through the first and second bores, pulling a tube, which is attached to a distal end of the second
anchor, over the K wire in a distal direction through the first and second bores until the second
anchor is inserted into the second bore. The tube may be turned while pulling in order to screw
the second anchor into the second bone.

Alternatively or additionally, implanting the second anchor may include attaching a
fastener to a distal end of the second anchor protruding from the bone so as to secure the second
anchor in the bone.

The present invention will be more fully understood from the following detailed

description of the embodiments thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic top view of the bones of a foot, in which a device for reducing
inter-metatarsal angle has been implanted in accordance with an embodiment of the present
invention;

Fig. 2A is a schematic, pictorial 1llustration of an implantable device, in accordance with
an embodiment of the present invention;

Fig. 2B 1s a schematic, pictorial illustration of an anchor used in an implantable device,
in accordance with an alternative embodiment of the present invention;

Fig. 3 1s a schematic, sectional view of the device of Fig. 2A;
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Fig. 4 1s a schematic, pictorial illustration showing details of the proximal end of an
implantable device, in accordance with an embodiment of the present invention;

Fig. 5 1s a schematic, pictorial illustration showing the distal end of a surgical
adjustment tool, in accordance with an embodiment of the present invention;

Fig. 6 is a schematic, sectional view of a surgical device that has been implanted in the
first and second metatarsal bones, in accordance with an alternative embodiment of the present
invention;

Fig. 7 1s a schematic top view of a foot showing a preparatory stage in a procedure for
implantation of a device in the first and second metatarsal bones, in accordance with an
embodiment of the present invention; and

Figs. 8-11 are schematic, pictorial views of the first and second metatarsal bones
showing successive stages of the procedure begun in Fig. 7, in accordance with an embodiment
of the present invention; and

Fig. 12 is a schematic, sectional view showing the final stage in the procedure of Figs.

7-11, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

Fig. 1 is a schematic top view of the bones of a foot, in which a device 20 for reducing
the inter-metatarsal angle has been implanted in accordance with an embodiment of the present
invention. Device 20 comprises a first anchor 22, which is implanted in a first metatarsal bone
24, and a second anchor 26, implanted in a second metatarsal bone 28. The anchors are
connected by a flexible cord 30, which extends between the anchors (and thus between the two
metatarsal bones). An adjustment mechanism, which i1s described in detail hereinbelow,
enables the surgeon, after implantation of the anchors in the bones, to adjust the length of the
cord extending between the first and second anchors. The surgeon can thus modify the inter-
metatarsal distance, i.e. the IMA, meaning the angle between the respective axes ot bones 24
and 28.

In the description that follows, it is assumed, for clarity of explanation, that the *“first

anchor” is implanted in the first metatarsal, while the “second anchor” i1s implanted in the
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second metatarsal. In alternative embodiments, however, certain of the functions and features
of the two anchors may be exchanged. Therefore, 1n the present patent application and 1n the
claims, 1t should be understood that the terms “first” and “second” are used arbitrarily 1n
relation to the anchors and do not signify which anchor 1s to be implanted in which of the bones
unless the specific context in which the terms are used indicates otherwise.

Although the devices and methods described herein relate specifically to the metatarsal
bones and correction of conditions such as hallux valgus, the principles of the present invention
may similarly be applied in other orthopedic applications, and particularly in treatments to
modify the spacing between adjacent bones. For example, the devices described hereinbelow
may be modified for implantation in the metacarpal bones. Other examples of possible
applications include closing of sternal osteotomies after open heart surgery; repair of rib
fractures, allowing immediate immobilization of multiply fractured nbs; reduction of
acromioclavicular dislocations; reduction of ulnar or fibular dislocated metacarpophalangeal or
metatarsophalangeal joints, including treatment of Lisfranc fracture dislocation; treatment of
ankle syndesmosis injury; dynamic linking of adjacent vertebrae, as an alternative to spinal

fusion; treatment of flat foot; and treatment of hammer toe.

IMPLANTABLE DEVICES

Figs. 2A and 3 schematically show details of device 20, in accordance with an
embodiment of the present invention. Fig. 2A is a pictorial, external view of the parts of the
device, while Fig. 3 1s a sectional view. Anchors 22 and 26 are made from a rigid
biocompatible material, such as 316LVM-type stainless steel or titanium alloy, with a
cylindrical shape for insertion into cylindrical bores that are drilled in the bones. The diameter
of anchor 22 1s typically greater than that of anchor 26, for reasons that will be explained
below. For example, anchor 22 may be 12 mm long and 6 mm in diameter, while anchor 26 is

11 mm long and 3 mm in diameter. Alternatively, other dimensions may be chosen depending,

inter alia, on the dimensions and condition of the bones in which the anchors are to be
implanted. Anchors 22 and 26 may be coated with a bone growth promoter, such as

hydroxyapatite.
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Anchor 26 1n this embodiment has an external thread 34, which accepts a nut 32 over a
distal end 35 of the anchor (i.e., the end that is inserted through the bone) and may also be used
to screw anchor 26 into the bone itself. Anchors 22 and 26 have respective collars 36, 38 at
their proximal ends, which engage the bone surface when the anchors have been completely
inserted into the respective bores. Nut 32 is then fastened onto thread 34 so as to secure anchor
26 firmly 1in place in the bone. (Alternatively, a snap-on connection may be used, as shown
below 1n Fig. 6.)

Cord 30 may comprise any flexible (though inelastic), biocompatible material of
sufficient strength to withstand the forces exerted by and on the bones of the foot. The cord
may comprise either a single strand or multiple strands of a suitable polymer or metal filament.
For example, cord 30 may comprise a braided cable made from 316LVM-type stainless steel
wire, with an overall diameter of about 0.5 mm. Cord 30 is held inside anchor 22 by a holder
40, with a head 41 attached to its proximal end. Cord 30 may be retained inside holder and
collar 38, for example, by means of knots 39 tied at the ends of the cord, or by welding, or by
any other suitable means of fastening. In an alternative embodiment (not shown in the figures
but considered to be within the scope of the claims), anchors 22 and 26 may be connected by
multiple cords, which are configured as a sort of “hammock™ between the bones, in order to
avold and relieve local stress points.

Holder 40 also retains and compresses a spring 42. A screw 48 controls the position of
holder 40 and thus adjusts the degree of compression and the baseline force on spring 42.
Screw 48 has an outer thread, which travels along an inner thread in a wider screw 44. Screw
44 has an outer thread, which travels along a matching internal thread 46 in anchor 22.

Spring 42 controls the tension in cord 30. The spring typically comprises an elastic
biocompatible material, such as stainless steel. Alternatively, device 20 may comprise other
sorts of mechanically-loaded elements that create mechanical resistance while deforming, such

as a tlexible polymer or viscoelastic material, a magnetic element applying mechanical force

during movement, or a pneumatic or hydraulic element configured to resist geometrical

movement.
The compression of spring 42 can be adjusted by rotation of screw 48 (as described in

greater detail hereinbelow). Turning screw 48 clockwise (assuming thread 48 to be right-
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handed) compresses the spring, creating a corresponding "zero-state tension” in cord 30. For
example, the zero-state tension may be set to a value in the range between approximately 10
and 15 Newton, although higher and lower values of tension may also be used, depending on
clinical conditions.

The longitudinal position of holder 40 within anchor 22 is controlled by an adjustment
mechanism comprising screw 44, which travels along internal thread 46 inside the anchor. For
example, turning screw 44 counterclockwise (assuming thread 46 to be right-handed) causes
holder 40 to shift longitudinally in the proximal direction, thus drawing cord 30 into anchor 22.
In this manner, the length of the cord extending between the anchors 1s reduced, and the inter-
metatarsal angle is reduced accordingly. Alternatively, screw 44 may be turned clockwise to
play out the cord and thus reduce the force exerted between the metatarsal bones.

The adjustment mechanism in device 20 enables the surgeon to precisely, easily and
smoothly control the inter-metatarsal angle after implantation of the anchors. Adjustment may
be achieved simply by turning screw 48, rather than having to manually attempt to tie a suture
at the appropriate length as in methods that are known in the art. Furthermore, the
configuration of device 20, with screw 48 accessible at the proximal end of anchor 20, makes it
possible for the surgeon to readjust the length of cord 30 at a later time if desired. Although the
pictured embodiments specifically show a screw-based adjustment mechanism, and this
mechanism is advantageous both for initial implantation and subsequent adjustment, other types
of mechanisms, such as clips or snaps, may alternatively be used.

Spring 42 serves as a shock absorber, by deforming in response to forces exerted on
cord 30. Typically, in the course of walking, metatarsal bones 24 and 28 tend to move
cyclically apart and back together, thus exerting a cyclical force on cord 30. In addition,
stronger forces may be exerted on the cord when the foot receives a sudden impact, due to
jumping or kicking, for example. These forces can fatigue both cord 30 and the bones around
anchors 22 and 26, and may lead eventually to failure of device 20 or, what is worse, fractures
of the bones. Spring 42 absorbs a part of these forces and thus helps to protect against device
failure and bone fracture.

As noted above, the surgeon can adjust the initial tension in spring 42 by means of a

force adjuster, in the form of screw 48. Turning this screw causes it to travel longitudinally

8
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along an internal thread within screw 44, with which screw 48 is coaxial. This longitudinal
motion of screw 48 presses or releases cord holder 40 against spring 42, thus increasing or
decreasing the baseline compression of the spring and altering its response to force exerted on
cord 30.

In an alternative embodiment (not shown in the figures), the shock absorber in device 20
may comprise two (or more) shock absorbing elements with different responses to the force
exerted on cord 30. For example, spring 42 may comprise two parts, in series or in parallel. A
first part with a low spring constant absorbs small forces over a certain initial range of
movement. Once this range is exceeded, the second part of the spring, with a higher spring
constant, absorbs the excess force. This sort of combined shock absorber can enhance patient
comfort and reduce the chances of damage to the device and to the bones in which the device is
implanted.

Fig. 2B 1s a schematic, pictorial illustration of an anchor 23 for use in an implantable
device, in accordance with an alternative embodiment of the present invention. Anchor 23 1s
functionally similar to anchor 22 and may be used in device 20, for example, in place of anchor
22. Anchor 23 comprises a collar 25, which engages the surface bone 24 when the anchor 1s
implanted inside the bone. Collar 25 contains one or more holes 27 through which a suture (not
shown) can be passed for attachment to tissue in proximity to the bone. This suture may be
passed through the capsule over the bunion, thus allowing proximal pull of the capsule and
anchoring it to device 20. To facilitate passage of the suture needle through holes 27, they are
located relatively close to the rim of the collar in a diagonal orientation, so as to allow slippage
of the needle between the rim of the collar and the bone.

Reference is now made to Figs. 4 and 5, as well as to Fig. 3, which show details of how
the cord adjustment mechanism and shock absorber in anchor 22 are adjusted, in accordance
with an embodiment of the present invention. Fig. 4 is a schematic, pictorial end view of
anchor 22 (showing the proximal end of the anchor, which appears at the left side in Figs. 2 and
3). Fig. 5 is a schematic, pictorial illustration showing the distal end of a surgical adjustment
tool 52 that can be used conveniently to make adjustments after anchors 22 and 26 have been

implanted in bones 24 and 28.
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To begin the adjustment procedure, a fixed tip 54 of tool 52 is inserted into a central
socket 50 of head 41 inside anchor 22. Head 41 is connected to cord holder 40, as noted above.
In the pictured embodiment, socket 50 and tip 54 are both square, but other matching shapes
may similarly be used. The purpose of socket 50 and tip 54 is to prevent rotation of cord 30 as
screws 44 and 48 are turned. Similarly, protrusions 56 at the periphery of tool 52 are fixed and
engage recesses 58 in collar 36 to prevent rotation of anchor 22 after it has been implanted in
bone 24.

Screws 48 and 44 can be adjusted separately and independently by turning drivers 60
and 62, respectively. The drivers, which are coaxial, are typically controlled by respective
knobs or wheels at the proximal end of tool 52 (not shown). Recesses 64 on driver 60 engage
protrusions 66 on screw 48, while protrusions 68 on driver 62 engage recesses 70 on screw 44,
Thus, 1n a typical procedure, the surgeon holds tool 52 and tip 54 still, without rotation, while
rotating each of drivers 60 and 62 in turn in order to achieve the desired baseline compression
of spring 42 and zero-state tension on cord 30, along with the desired length of cord 30 between
anchors 22 and 26.

In an alternative embodiment, tool 52 is provided as part of a surgical kit, attached to
implant 20. In this embodiment, tip 54 may be attached to socket 50 by various means, such as
by laser welding. In order to detach tool 52 from implant 20 after implantation, tip 54 may be
weakened, by a groove 55 formed near the proximal end of the tip, for example, to enable the
operator to easily disengage tool 52 by breaking off tip 54 at the conclusion of the procedure.

Although tool 52 is shown in the pictured embodiments as a single comprehensive tool,
which performs all the functions described above, these functions may alternatively be
performed by two or more different tools, which are configured to perform the various
adjustment functions separately.

Fig. 6 is a schematic, sectional view of a surgical device 72 that has been implanted in
first and second metatarsal bones 24, 28, in accordance with an alternative embodiment of the
present invention. Device 72, like device 20 described above, comprises anchors 74 and 76,
which are respectively implanted into bones 24 and 28 and are connected by a cord 77. Device

72 differs from device 20 in two main respects:

10
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e Anchor 76 1s secured 1n place within the bone by a snap-on fastener 78, which is attached to

the distal end of anchor 76 after the anchor has been inserted through bone 28.
e An internal thread within anchor 76 enables cord 77 to be screwed in and out of the anchor,

thereby serving as an additional part of the cord length adjustment mechanism.

SURGICAL METHOD

Fig. 7 is a schematic top view of a foot showing a preparatory stage in a procedure for
treatment of hallux valgus using device 20, in accordance with an embodiment of the present
invention. As an initial step, the surgeon may make incisions at locations 29, i.e., at the medial
end of the first metatarsal and the lateral end of the second metatarsal. The surgeon may then
remove the medial eminence (excess tissue) from the bunion on first metatarsal bone 24 and
may cut the adductor tendon away from the first metatarsal bone so that the first and second
metatarsal bones can be brought closer together. These surgical steps are known 1n the art and
ar¢ outside the scope of the present patent application.

The surgeon first reduces the distance between first and second metatarsal bones 24, 28
by applying force on the first metatarsal toward the second metatarsal, either by hand or using a
suitable tool, such as a special-purpose clamp (not shown). Following this step, the surgeon,
using a drill guide (not shown), drills a K-wire 80 percutaneously through first and second
metatarsal bones 24, 28. The K-Wire diameter may be, for example, 1.1 mm. The surgeon
then drills through bones 24 and 28 using a cannulated drill 82 over K-wire 80. In the present
example, drill 82 has a diameter of 2.8 mm, slightly smaller than the outer diameter of anchor
26.

Figs. 8-11 are schematic, pictorial representations of bones 24 and 28, showing
successive stages in the surgical procedure, in accordance with an embodiment of the present
invention. In Fig. 8, a 2.8 mm bore 84 has been drilled in second metatarsal bone 28. The

surgeon then uses a larger drill, for example, 6 mm in diameter, to create a larger bore 86 In
first metatarsal bone 24. K-wire 80 remains in the bores at this stage.

To aid in insertion of anchors 22 and 26, a tube 88, such as a plastic pipe or cannulated
metal tube (made from 316-type stainless steel, for example), is used as an surgical aid. Tube

88 may have a handle 89 attached to facilitate manipulation by the surgeon, as well as a quick-
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connect mechanism 91 for connecting to distal end 35 of implant 26. Mechanism 91 may
comprise, for example, an internal screw thread in tube 88, which mates with an external screw
thread on distal end 35.

As shown in Fig. 9, the surgeon slides tube 88 over K-wire 80 and thus through bores 84
and 86 and then attaches the distal end of tube 88 to anchor 26 using mechanism 91. Next, the
surgeon pulls the K-wire out of the bores in the distal direction (i.e., to the right in the view
shown in Fig. 7). The surgeon then pulls the tube in the distal direction to draw anchors 26 and
22 through bore 86 in turn, until the anchors are inserted fully into bores 84 and 86,
respectively. The surgeon may turn tube 88 while pulling in order to screw anchor 26 into bore
84.

In an alternative embodiment, tube 88 may be pre-attached to implant 26 at the factory
by laser welding, for example. In this case, handle 89 may be pulled over the distal end tube 88
from bore 86 to 84 and secured to the tube by a screw knob 92. In other respects, the procedure
1s carried out as described above.

The final position of anchors 26 and 22 in bores 84 and 86 is shown in Fig. 10. Collars
36 and 38 engage the respective surfaces of bones 24 and 28 on the proximal side, while thread
34 and tube 88 protrude outward from bore 84 on the distal side. To secure anchor 26 in place,
the surgeon loosens tool 89 from tube 88 using knob 92 and slides nut 32, which resides on tool
89, over tube 88, as shown 1n Fig. 11. The surgeon then tightens the nut over thread 34 using
tool 89 to engage the distal side of bone 28.

Fig. 12 1s a schematic, sectional view showing the final stage in the procedure, in
accordance with an embodiment of the present invention. The surgeon cuts off the excess of
thread 34 (along with the connected tube 88) that protrudes distally out of second metatarsal
bone 28, using a suitable cutting tool. Anchor 26 is left with a shortened end 90 protruding
slightly out of the bone on the distal side. The surgeon uses tool 52, as described above (Figs. 4
and 5), to adjust the cord length and spring baseline deformation. The surgeon then closes the
incisions, completing the procedure. The surgeon may use holes 27 to pass a suture for
attachment to tissue in proximity to the bone, thus allowing proximal pull of the capsule and

anchoring it to device 20.

12



10

CA 02842542 2014-01-20
WO 2012/029008 PCT/IB2011/053763

Although Figs. 7-12 illustrate a particular procedure for implantation and adjustment of
device 20, alternative surgical methods may also be used and are considered to be within the
scope of the present invention.

It will thus be appreciated that the embodiments described above are cited by way of
example, and that the present invention is not limited to what has been particularly shown and
described hereinabove. Rather, the scope of the present invention includes both combinations
and subcombinations of the various features described hereinabove, as well as variations and
modifications thereof which would occur to persons skilled in the art upon reading the

foregoing description and which are not disclosed in the prior art.
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CLAIMS

1. An implantable device, comprising:
a first anchor, configured to be implanted inside a first bone;

a second anchor, configured to be implanted inside a second bone, adjacent to the first
bone;
a cord extending between the first and second anchors; and

a shock absorber contained within at least one of the first and second anchors and

coupled to the cord so as to deform in response to a force exerted on the cord.
2. The device according to claim 1, wherein the shock absorber comprises a spring.

3. The device according to claim 2, wherein the shock absorber comprises a force adjuster,

which 1s configured to adjust a baseline deformation of the spring.

4 The device according to claim 3, wherein the force adjuster 1s configured to compress
the spring.
S. The device according to claim 3, wherein the force adjuster comprises a first screw

contained within the first anchor, and wherein the adjustment mechanism comprises a second

screw, which 1s coaxial with the first screw.

6. The device according to claim 5, and comprising an adjustment tool, which comprises
first and second coaxial drivers, which are configured to engage and turn the first and second

screws, respectively.

7. The device according to claim 6, wherein the adjustment tool comprises a tip, which
engages a socket in the at least one of the first and second anchors so as to prevent rotation of

the cord as the first and second screws are turned.

8. The device according to claim 7, wherein the tip 1s configured to be broken off the tool

after adjustment of the force adjuster.

9. The device according to any of claims 1-8, wherein the shock absorber comprises first
and second shock absorbing elements, having different, respective responses to the force

exerted on the cord.
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10.  The device according to any of claims 1-8, and comprising an adjustment mechanism,
contained within at least one of the first and second anchors and operable, after implantation of
the first and second anchors in the first and second bones, to adjust a length of the cord

extending between the first and second anchors.

11.  The device according to claim 10, wherein the adjustment mechanism comprises a
screw, which causes an end of the cord to be drawn into one of the anchors as the screw is

turned.

12.  The device according to any of claims 1-8, wherein the first and second anchors are
cvlindrical and have respective first and second diameters, wherein the first diameter 1s greater

than the second diameter.

13.  The device according to claim 12, wherein the first and second anchors comprise
respective collars at respective proximal ends of the anchors for engaging respective surfaces of
the first and second bones, and wherein the device comprises a fastener configured to engage a

distal end of the second anchor so as to secure the second anchor in the second bone.

14.  The device according to any of claims 1-8, wherein the first anchor comprises a collar
for engaging a surface of the first bone when the first anchor i1s implanted inside the first bone,

and wherein the collar contains one or more holes that are configured to receive a suture for

attachment to tissue 1n proximity to the first bone.

15.  The device according to any of claims 1-8, wherein the cord comprises multiple strands

of a metal wire.

16.  The device according to any of claims 1-8, wherein the first and second anchors are

sized and shaped for implantation inside the first and second metatarsal bones, respectively.

17. A method of surgical treatment, comprising:

implanting a first anchor inside a first metatarsal bone of a foot; and

implanting a second anchor, which is connected to the first anchor by a cord, inside a
second metatarsal bone of the foot,

wherein a shock absorber contained within one of the first and second anchors is

coupled to the cord so as to deform in response to a force exerted on the cord.
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18.  The method according to claim 17, and comprising adjusting a baseline deformation of

the shock absorber so as to alter the response to the force.

19.  The method according to claim 18, wherein the shock absorber comprises a spring, and

wherein adjusting the baseline deformation comprises adjusting a compression of the spring.

20.  The method according to claim 18, wherein adjusting the baseline deformation
comprises turning a first screw, and wherein adjusting the length of the cord comprises turning

a second screw, which 1s coaxial with the first screw.

21. The method according to claim 20, wherein turning the first and second screws
comprises engaging the first and second screws respectively with first and second coaxial

drivers of an adjustment tool, and turning the first and second drivers.

22.  The method according to claim 17, and comprising, after implanting the first and second
anchors, adjusting a length of the cord that extends between the first and second anchors using
an adjustment mechanism inside at least one of the anchors so as to modify an inter-metatarsal

angle of the foot.

23.  The method according to claim 22, wherein adjusting the length comprises turning a

screw, which causes an end of the cord to be drawn into one of the anchors.

24. The method according to any of claims 17-23, wherein the first and second anchors are
cylindrical and have respective first and second anchor diameters, wherein the first anchor
diameter i1s greater than the second anchor diameter, and
wherein implanting the first and second anchors comprises:
drilling first and second bores respectively in the first and second bones, the
bores having respective first and second bore diameters in accordance with the first and
second anchor diameters:;

passing the second anchor through the first bore into the second bore; and

inserting the first anchor into the first bore.

25.  The method according to claim 24, wherein passing the second anchor comprises:

passing a wire through the first and second bores; and
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pulling a tube, which 1s attached to a distal end of the second anchor, over the wire in a
distal direction through the first and second bores until the second anchor is inserted into the

second bore.

26.  The method according to claim 25, wherein pulling the tube comprises turning the tube

while pulling in order to screw the second anchor into the second bore.

27.  The method according to claim 24, wherein implanting the second anchor comprises
attaching a fastener to a distal end of the second anchor protruding from the bone so as to

secure the second anchor in the bone.

28.  The method according to claim 27, and comprising cutting off an excess part of the

second anchor that protrudes distally out of the second bone.

29. The method according to any of claims 17-23, wherein the first anchor comprises a collar
for engaging a surface of the first bone when the first anchor i1s implanted inside the first bone,
and wherein the collar contains one or more holes, and wherein the method comprises attaching
the first anchor to tissue in proximity to the first bone by passing a suture through the holes and

through the tissue.
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