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EXPANDABLE IMPLANT

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to expandable implants and, in particular, it concerns an

implant formed primarily from two hingedly-connected elements which maintains an enclosed

internal volume as it expands.

n the field of minimally invasive spinal surgery (MISS), it is known to employ various

implants which assume a compact form for insertion via a small incision into the body, and then

expand to assume a larger deployed state within the body.

Many expandable implants have relatively complex mechanisms, including numerous

moving parts which must be assembled carefully, potentially leading to increased costs and/or

reduced reliability. Complex designs also pose particular challenges for surgical approaches

which require a high degree of miniaturization.

Simpler designs, on the other hand, may fail to define a closed shape suitable for filling

with filling material.

SUMMARY OF THE INVENTION

The present invention is an expandable implant.

According to the teachings of an embodiment of the present invention there is provided,

an expandable implant comprising: (a) a base extending from a first end portion to a second end

portion; and (b) a displaceable element extending from a first end portion to a second end

portion, wherein the first end portions of the base and the displaceable element are hingedly

interconnected, and wherein the second end portions of the base and the displaceable element are

formed with complementary jaw s, the complementary jaws being configured to provide

continuous overlap over a range of angular positions of the displaceable element relative to the

base.

According to a further feature of an embodiment of the present invention, the

complementary jaws provide complementary facing arcuate surfaces.

According to a further feature of an embodiment of the present invention, the

complementary jaws provide complementary facing surfaces corresponding to solids of

revolution about an axis of the hinged interconnection.

According to a further feature of an embodiment of the present invention, a first jaw of

the complementary jaws comprises at least one projecting portion that is interposed between

inward facing surfaces of a second of the complementary jaws.



According to a further feature of an embodiment of the present invention, the inward

facing surfaces are integrated with an end wall such that the inward facing surfaces and the end

wall encompass the at least one projecting portion on three sides.

According to a further feature of an embodiment of the present invention, the

complementary jaws are configured to provide the continuous overlap over a range of angular

positions of the displaceable element relative to the base spanning at least 10 degrees, and in

some preferred cases at least 20 degrees.

According to a further feature of an embodiment of the present invention, the first end

portion of the displaceable element is formed with a plurality of projecting teeth configured as a

partial gear centered on an axis of the hinged interconnection with the base, the projecting teeth

being configured for engaging a worm gear.

According to a further feature of an embodiment of the present invention, the first end

portion of the base is formed with a socket configured for removably receiving a worm gear tool

for engaging the teeth and displacing the displaceable element.

According to a further feature of an embodiment of the present invention, the

displaceable element is displaceable relative to the base from an initial position defining a

compact configuration of the expandable implant towards a deployed position defining an

expanded configuration of the expandable implant, and wiierein the complementary jaws are

formed with complementary parts of a retention configuration configured for inhibiting return of

the displaceable element towards the initial position.

According to a further feature of an embodiment of the present invention, the retention

configuration comprises at least one sequence of ratchet teeth deployed to inhibit return of the

displaceable element from a range of positions of the displaceable element towards the initial

position.

According to a further feature of an embodiment of the present invention, the retention

configuration comprises two resilient retention elements separated by a slot, and wherein the

retention configuration is configured such that, on insertion of a prising tool into the slot to

increase a spacing of the slot, the retention configuration is released to allow displacement of the

displaceable element towards the initial position.

According to a further feature of an embodiment of the present invention, there is also

provided a worm gear rotatably deployed within the first end portion of the base in engagement

with the teeth such that rotation of the worm gear effects displacement of the displaceable

element, wherein the worm gear is a hollow worm gear formed with an axial through-bore for

introduction of filling material via the axial through-bore into the expandable implant.



According to a further feature of an embodiment of the present invention, the second end

portion of the base is formed with an aperture aligned with the worm gear so as to allow

insertion of a tool through the aperture to engage the worm gear for rotating the worm gear.

According to a further feature of an embodiment of the present invention, there is also

provided a worm gear rotatably deployed within the first end portion of the base in engagement

with the teeth such that rotation of the worm gear effects displacement of the displaceable

element, and wherein the second end portion of the base is formed with an aperture aligned with

the worm gear so as to allow insertion of a tool througli the aperture to engage the worm gear for

rotating the worm gear.

There is also provided according to the teachings of an embodiment of the present

invention, an expandable implant comprising: (a) a base extending from a first end portion to a

second end portion; and (b) a displaceable element extending from a first end portion to a second

end portion, wherein the first end portions of the base and the displaceable element are hingedly

interconnected, and wherein the first end portion of the displaceable element is formed with a

plurality of projecting teeth configured as a partial gear centered on an axis of the hinged

interconnection with the base, the projecting teeth being configured for engaging a worm gear,

and wherein the first end portion of the base is formed with a socket configured for removably

receiving a worm gear tool for engaging the teeth and displacing the displaceable element.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the

accompanying drawings, wherein:

FIG. 1A is an isometric view of an expandable implant, constructed and operative

according to an embodiment of the present invention, shown in an expanded state;

FIG. IB is a cut-away isometric view similar to FIG. 1A cut along a central longitudinal

plane;

FIGS. 2A and 2B are side views of the implant of FIG. 1A shown in an initial closed

state and an expanded state, respectively;

FIG. 3 is an exploded isometric view of the implant of FIG. 1A additionally showing a

tip of a worm-gear tool for actuating expansion of the implant;

FIGS. 4A and 4B are cross-sectional views taken along a central longitudinal plane

through the implant of FIG. 1A, the implant being shown with the worm-gear tool inserted, with

the implant shown in its initial closed state and its expanded state, respectively;

FIG. 5A is an isometric view of the implant of FIG. 1A attached to a delivery system;



FIG. 5B is an enlarged view of the region of FIG. 5A designated V;

FIGS. 6A-6C are schematic plan views showing the positioning of the implant of FIG.

1A relative to a vertebra during deployment as a laterally-expandable intervertebral cage, the

implant being shown in an initial compact state connected to a delivery system, in an expanded

deployed state, and after filling and removal of the delivery system, respectively;

FIGS. 7A and 7B are side views of a variant implementation of the implant of FIG. lA,

shown in an initial closed state and an expanded state, respectively;

FIG. 8A is an isometric view of an expandable implant, constructed and operative

according to a further embodiment of the present invention, shown in an expanded state;

FIG. 8B is a cut-away isometric view similar to FIG. 8A cut along a central longitudinal

plane;

FIGS. 9A and 9B are side views of the implant of FIG. 8A shown in an initial closed

state and an expanded state, respectively;

FIG. 10A is an isometric view of an expandable implant, constructed and operative

according to a further embodiment of the present invention, shown in an expanded state;

FIG. 10B is a cut-away isometric view similar to FIG. 10A cut along a central

longitudinal plane;

FIGS. 1A and 1 B are side views of the implant of FIG. 10A shown in an initial closed

state and an expanded state, respectively;

FIG. 11C is a bottom isometric view of the implant of FIG. 10A;

FIGS. 12A and 12B are schematic plan views showing the positioning of the implant of

FIG. 10A relative to a vertebra in an initial compact state and in an expanded deployed state,

respectively;

FIG. 13A is an isometric view of an expandable implant, constructed and operative

according to a further embodiment of the present invention, shown in an expanded state;

FIG. 13B is a cross-sectional view taken along a central longitudinal plane of FIG. 13A;

FIGS. 14A and 14B are side views of the implant of FIG. 13A shown in an initial closed

state and an expanded state, respectively;

FIGS. 15A and 15B are schematic plan view's showing the positioning of the implant of

FIG. 13A relative to a vertebra in an expanded deployed state, the implant being shown in a first

orientation and a second orientation, respectively;

FIGS. 16A and 6B are side views of an expandable implant, constructed and operative

according to a further embodiment of the present invention, shown in an initial closed state and

an expanded state, respectively;



FIGS. 16C and 16D are cross-sectional views taken along a central longitudinal plane of

FIGS. 16A and 16B, respectively:

FIGS. 17A and 17B are isometric views of the expandable implant of FIGS. 16A and

16B, respectively;

FIGS. 18A and 18B are schematic isometric and plan views, respectively, showing

positioning of an expandable implant relative to a vertebra in an expanded deployed state

according to a variant embodiment for adjusting lordotic angle between vertebral bodies when

inserted via a TLIF approach;

FIGS. 19A and 19B are schematic lateral and anterior views, respectively, showing

positioning of the expandable implant of FIGS. 18A and 18B relative to a vertebra in an

expanded deployed state when inserted via a PLIF approach;

FIG. 20 is an isometric view of an expandable implant, constructed and operative

according to a further embodiment of the present invention, shown in an expanded state;

FIGS. 20B and 20C are side views of the implant of FIG. 20A shown in an initial closed

state and an expanded state, respectively; and

FIGS. 2 1A and 2IB are cross-sectional view taken along a central longitudinal plane of

FIG. 20A in an initial closed state and an expanded state, respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is an expandable implant.

The principles and operation of expandable implants according to the present invention

may be better understood with reference to the drawings and the accompanying description.

Referring now to the drawings, the present invention will be illustrated herein with

reference to a number of exemplary embodiments, principally including a first embodiment

illustrated in FIGS. 1A-6C, a second embodiment illustrated in FIGS. 8A-9B, a third

embodiment illustrated in FIGS. 10A-12B, and a fourth embodiment illustrated in FIGS. 13A-

15B. The remaining figures relate to a number of variant implementations and alternative

embodiments that will be addressed separately below.

Referring first genetically to the above four embodiments, certain preferred embodiments

of the present invention provide an expandable implant, generally designated 100, 200, 300 and

400, respectively. Analogous features of the different embodiments will be referred to by the

same reference numeral throughout the drawings. In each case, the expandable implant includes

a base 10 and a displaceable element 12. A first end portion 14 of base 10 is hingedly

interconnected to a first end portion 16 of displaceable element 12 so as to be pivotable about an



axis 18. Second end portions 20 and 22 of base 10 and displaceable element 12 are formed with

complementary jaws 24 and 26, respectively. According to certain particularly preferred

embodiments of the present invention, the complementary jaws are configured to provide

continuous overlap over a range of angular positions of the displaceable element relative to the

base. The particular range of angular positions accommodated by the implant while maintaining

overlap depends upon the intended application, as will be discussed further below, but in most

cases will be in excess of 10 degrees, and in many cases in excess of 20 degrees.

By providing complementary jaws as disclosed herein, it is possible to provide a

particularly simple implant design, with as few as two primary structural components hinged

together at a single pivotal connection, which allows considerable expansion of the implant after

delivery into the body, while maintaining an enclosed volume within the implant for containing

filling material.

It will be useful to define certain terminology as used herein in the description and

claims. The present invention relates to an "implant". The term implant is used herein in the

description and claims to refer to any implant useful for introducing into a human or animal

body, particularly as part of an orthopedic surgical procedure. The invention will be exemplified

herein with reference specifically to the field of spinal surgery, and in particular, in applications

in which the implant is deployed in the intervertebral space. However, the implant of the present

invention is not limited to such applications, and may find utility in a range of other spinal and

non-spinal procedures. The phrase "expandable implant" refers to an implant which can be

expanded once within the body so as to increase its external dimensions in at least one direction.

Where reference is made to an "enclosed volume", this refers to a volume which lies

within a closed loop formed by an implant, preferably so that the volume is encompassed on all

sides sufficiently to form a barrier tending to prevent, or at least limit, dispersion of various types

of filling material. The enclosure is typically a two-dimensional enclosure, meaning that the

volume defined by the implant is effectively enclosed in a plane of a loop formed by the implant,

but is open in a direction perpendicular to that plane. In applications in which the implant is

deployed between inward-facing tissue surfaces, those tissue surfaces together with the structure

of the implant cooperate to define a three-dimensional enclosure. The term "enclosed" does not

rule out the presence of one or more openings or windows formed through one or more elements

of the enclosing structure, which may for example define a preferred direction of controlled

release of excess filling material for applications where such overflow is appropriate.

Furthermore, the enclosing structure does not necessarily have a uniform wall height around the



entire enclosure, and is still considered to "enclose" the volume so long as it is sufficient to limit

dispersion of the filling material.

The structure of jaws 24 and 26 is referred to variously as providing "complementary

facing arcuate surfaces" or "complementary facing surfaces corresponding to solids of revolution

about axis 18". These phrases refer to various geometries of facing surfaces that allow the

surfaces to maintain close proximity over a range of pivotal motion between base 10 and

displaceable element 12. The surfaces preferably approximate closely to an "arcuate contact

profile" shaped to maintain sliding contact as the two elements move through relative pivotal

motion. However, in order to accommodate manufacturing tolerances, the elements are typically

designed to have a small clearance, preferably of less than 1 millimeter, and typically of no more

than 0.5 millimeter. It is expected that, under conditions of loading within the body, these facing

surfaces may in fact come into contact, and serve to provide mechanical strength by limiting the

strain deformation of the components relative to each other. The facing surfaces may be in

various forms, including, but not limited to, partial-cylindrical surfaces centered on axis 18

and/or planar surfaces perpendicular to axis 18. Other forms of contact surface may also be used

where the contact surfaces are parts of a male-female pair of solids of revolution about axis 18. A

number of different examples will be shown in the examples below, and unless otherwise stated,

are interchangeable between the various disclosed embodiments. It should also be noted that any

reference to "abutment" between the surfaces does not require that contact occurs in the

unstressed state of the implant, but rather that the corresponding facing surfaces maintain facing

overlap over the range of motion.

The implants of the present invention may be implemented using any biocompatible

material with suitable mechanical properties, including but not limited to various polymer

materials, such as PEEK, ceramic materials, and various metals and metal alloys. Certain

particularly preferred implementations are formed primarily, or exclusively, from titanium,

which combines mechanical strength with good bone integration properties.

Referring still genetically to expandable implants 100, 200, 300 and 400, in certain

particularly preferred implementations of the present invention, an opening mechanism

employed to expand the implant within the body is based on the principle of a worm gear

engagement. Accordingly, in such embodiments, first end portion 16 of displaceable element 12

is formed with a plurality of projecting teeth 28 configured as a partial gear centered on axis 18.

Projecting teeth 28 are configured for engaging a complementary worm gear.

Turning now specifically to the non-limiting example of expandable implant 100, this

implementation employs a removable worm gear tool as part of the delivery system which is



removed from the body after expansion of the implant. To this end, first end portion 14 of base

10 is formed with a socket 30 (FIG. IB) configured for removably receiving a worm gear tool 32

(FIGS. 3, 4A and 4B) which engages teeth 28 in order to actuate expansion of the implant.

In order to maintain a deployed state of the implant when worm gear tool 32 is

withdrawn, a locking or retention mechanism is preferably provided. A locking mechanism can

be implemented in various ways. One particularly simple locking mechanism is the use of a

tightenable clamping screw (not shown) mounted in first end portion 14 which bears on end

portion 16 in the region of the pivotal connection and locks the desired relative positions of base

10 and displaceable element 12. However, in some cases, it is preferred to provide a retention

mechanism which does not require separate actuation, and will retain whatever degree of

expansion of the implant has been achieved.

an alternative set of implementations, complementary jaws 24 and 26 are formed with

complementary parts of a retention configuration configured for inhibiting return of displaceable

element 12 after expansion towards an initial closed position. In the particularly preferred

example illustrated here, the retention configuration is implemented as at least one sequence of

ratchet teeth 34, here shown as part of jaws 26, that are deployed to inhibit return of the

displaceable element from a range of positions of the displaceable element towards the initial

position by engaging a facing lip 36 of jaws 24 (FIG. 1A).

In the particularly preferred non-limiting example illustrated here, ratchet teeth 34 and

facing lip 36 are deployed on surfaces which are generally perpendicular to axis 18. As a result,

in applications such as the laterally-expandable intervertebral cage detailed below with reference

to FIGS. 6A-6C, load applied to the cage as a result of the normal axial loading between

vertebrae tends to enhance locking of the ratchet engagement.

In the case illustrated here, jaw 26 is implemented as a pair of projecting portions that are

interposed between inward facing surfaces of jaw 24. Jaw 26 could also be implemented as a

single contiguous block (as in implant 200 below), except that it is desired to leave a central void

to provide access for a ratchet release tool, as further detailed below. Additionally, jaw 24 is here

implemented with an integrated end wall such that the inward facing surfaces and the end wall

encompass the projecting portions of jaw 26 on three sides. Thus, in the closed state of the

implant, the entire form of the distal tip of the implant is defined by second end portion 20 of

base 10, while second end portion 22 of displaceable element 12 is essentially contained within

end portion 20. This option may in some cases be advantageous as reducing interaction between

the moveable element 12 and surrounding tissue during deployment, thereby minimizing

frictional resistance to opening of the implant.



The hinged interconnection between base 10 and displaceable element 12 may be

implemented using any suitable hinge engagement configuration. In the particularly preferred but

non-limiting implementation best seen in FIG. 3, the engagement configuration is formed by pins

52 projecting bilaterally from the sides of first end portion 16 of the displaceable element which

engage complementary sockets or apertures 54 in side walls of first end portion 14 of the base. In

order to facilitate snapping together of the hinge structure, pins 52 may be formed with a

chamfer 56 which helps to momentarily flex apart the sides of the base during assembly. A

reversed configuration, in which pins projecting from the base engage recesses or a bore in the

displaceable element may also be used. Alternatively, a separate hinge pin may be used.

The process of deployment of implant 100 will thus be understood as follows. With the

implant in its initial closed state, it is attached to a hollow shaft 38 of a delivery system 40 via a

suitable releasable gripping mechanism (not detailed here). Worm gear tool 32 is inserted

through delivery system 40 and its handle 42 turned until the worm engages teeth 28 and

advances to its fully inserted position, as illustrated in FIG. 4A. A locking mechanism 44 is then

engaged to lock worm gear tool 32 against longitudinal motion relative to delivery system 40.

Insertion of tool 32 can be performed either before or after insertion of the implant into the body.

Implant 100 is introduced via a suitable incision, after any required preparatory steps

have been performed as is known in the art, so that the base is correctly positioned in the target

location. Handle 42 is then rotated in a direction reversed relative to its insertion direction. Since

worm gear tool 32 is locked by locking mechanism 44, the worm gear is unable to retract from

the insert, and instead pushes against teeth 28, thereby forcing displaceable element 12 to rotate

around axis 18, successively passing one after another of ratchet teeth 34 over lip 36. Optionally,

worm gear tool 32 and teeth 28 may be configured with a left-handed threading direction, if a

clockwise rotation is preferred as a more intuitive motion for expanding the implant.

Once a desired degree of expansion has been achieved, handle 42 is preferably turned

slightly in the reverse direction, to remove loading from the worm gear. Locking mechanism 44

is then released, and worm gear tool 32 can be rotated until it disengages from teeth 28 and can

be completely removed from the delivery system.

It will be noted that, after removal of worm gear tool 32, the lumen along which the

worm gear tool was inserted and socket 30, together provide a relatively large access channel,

facilitating introduction of filling material even for applications with small dimension access

channels, such as TLIF or PLIF approaches. This removable worm-gear approach is believed to

be of patentable significance independent of the aforementioned overlap of the jaws 24 and 26.



FIGS. 6A and 6B illustrate the stages of operation as described above for a TLIF approach, and

FIG. 6C illustrates the final deployed implant after filling and removal of the delivery system.

n some cases, it may be desired to reposition or remove the implant after deployment. In

such cases, it may be necessary to collapse the implant back to its closed state. For this purpose,

the retention mechanism is advantageously implemented so as to be selectively releasable. In the

implementation shown here, jaw 24 is formed with a central slot 46, optionally intersecting with

an additional aperture 48, which subdivides jaw 24 into two separate resilient elements, each

bearing one of the ratchet-engaging lips 36. By insertion of a suitable prising tool, such as a

screw-driver tip (not shown) into slot 46, it is possible to increase a spacing of the slot, moving

lips 36 apart sufficiently to release the ratchet engagement and allow displacement of

displaceable element 12 towards its initial position.

Notably, a particularly preferred implementation of expandable implant 100 typically

consists essentially of only two primary structural components: base 10 and displaceable element

12, optionally with an additional hinge pin depending upon the chosen design for the hinge. The

simplicity of the structure in turn results in reduced costs, increased reliability, and potentially

greater miniaturization for applications in which compact dimensions are important.

Expandable implant 100 as illustrated here is particularly adapted for use as an

intervertebral cage which expands laterally, i.e., within the intervertebral disc space, as part of an

intervertebral fusion procedure. In particular, as best seen in FIGS. 3 and 5B, the leading end of

second end portion 20 is here rounded to provide a "bullet nose" effect known to be

advantageous for facilitating insertion and minimizing trauma to surrounding tissue during

introduction of the device into the body. Expandable implant 100 also features lateral ridges 50

or other projecting features on the edges of base 10 and displaceable element 12 configured to

enhance gripping of the adjacent vertebral endplates when the device is deployed.

Turning now to FIGS. 7A and 7B, there is shown a variant implementation of implant

100 labelled 150. Implant 150 is essentially similar in structure and function to implant 100, but

differs in that the closed configuration of FIG. 7A is formed with a negative angle between the

outer surfaces of base 10 and displaceable element 12, i.e., so that it converges towards end

portions 20 and 22, which here form the distal end of the implant. The resulting wedge shape

may facilitate introduction of the implant into the body, gradually forcing apart the adjacent

tissue. After reaching the target location, the implant is expanded to the desired extent, in the

same manner discussed above in relation to implant 100. Although such a variant is only

illustrated here in relation to implant 100, it should be noted that each of the implants discussed



herein may be implemented with an initial closed state which has parallel, negatively angled, or

positively angled outer surfaces.

Turning now to expandable implant 200, illustrated in FIGS. 8A-9B, this is generally

similar in structure and function to implant 100, with analogous features labeled similarly.

Implant 200 differs from implant 100 primarily in that it is implemented using a worm gear 202

which remains within the body as part of the implant itself. Worm gear 202 is rotatably deployed

in a recess 204 within first end portion 14 so as to engage teeth 28. Rotation of worm gear 202

displaces teeth 28 so as to rotate the partial gear about axis 18, thereby effecting displacement of

the displaceable element from the initial closed state of FIG. 9A to the any desired position in the

range up to the fully open state of FIG. 9B. A driver-receiving socket 206, in this case a hex-

socket, is formed in at least a proximal end of worm gear 202 so as to allow driving engagement

of a suitable driver tool (not shown) with the worm gear.

The pitch angle of worm gear 202 is preferably chosen so as to provide effective

frictional locking of the expandable implant at all points within its range of motion, such that no

separate ratchet arrangement or other retention mechanism is typically required. The presence of

the worm gear as a part of the implant raises the typical count of main structural components of

the implant to three, but the structure remains strikingly simple, reliable and compact.

In order to facilitate delivery of filling material into an internal volume of the implant,

worm gear 202 is most preferably here implemented as a hollow worm gear formed with an axial

through-bore 208. When deployed with a delivery system similar to that of FIG. 5A, a driver tool

(replacing worm gear tool 42 of that figure) is used to rotate worm gear 202 to achieve a desired

degree of expansion. Once the desired expansion has been achieved, the driver tool is removed,

leaving the delivery system lumen available and aligned with through-bore 208 for introduction

of filling material via the axial through-bore into the expandable implant.

In all other respects, the structure and function of expandable implant 200 is similar to

that of expandable implant 100, and will be understood by analogy to the above description.

Turning now to expandable implant 300, illustrated in FIGS. 10A-12B, this is generally

similar in structure and function to implant 200, with analogous features labeled similarly.

Implant 300 differs from implant 200 primarily in that it is implemented with a worm gear

deployment mechanism at its distal end rather than its proximal end.

Specifically, expandable implant 300 includes a worm gear 302 rotatably deployed in a

recess 304 within first end portion 14 so as to engage teeth 28. Rotation of worm gear 302

displaces teeth 28 so as to rotate the partial gear about axis 18, thereby effecting displacement of

the displaceable element from the initial closed state of FIG. A to the any desired position in



the range up to the fully open state of FIG. 1B. In this case, a driver-receiving socket 306,

implemented here as a hex-socket, is formed in the inward-facing end of worm gear 302, and is

complemented by an aperture 308 formed in the second end portion 20 of the base and aligned

with driver-receiving socket 306 so as to allow driving engagement of a suitable driver tool (not

shown) with worm gear 302. For this purpose, jaw 26 is here implemented as a forked element

with a central gap aligned with aperture 308, as in implant 100 above.

Positioning of the deployment mechanism at the distal end of implant 300 generates a

deployment geometry with expansion occurring primarily at the proximal end of the implant

when deployed, in contrast to the primarily distal expansion of FIGS. 6B and 6C. A typical

position of deployment of implant 300 via a TLIF approach, prior to and after expansion, is

shown schematically in FIGS. 12A and 12B, respectively.

this embodiment, it is first end portion 14 of base 10 that forms the leading (distal) end

of the implant during insertion. First end portion 14 is therefore preferably formed with a

rounded or "bullet-nose" profile, as best seen in FIG. 11C, in order to facilitate the insertion.

h all other respects, the structure and function of expandable implant 300 is similar to

that of expandable implant 200, and will be understood by analogy to the above description.

Turning now to expandable implant 400, illustrated in FIGS. 13A-15B, this implant is

conceptually a combination of features from implants 200 and 300, with analogous features

labeled similarly. Implant 400 differs from implants 200 and 300 primarily in that it provides

accessibility for operating worm gear 202 from either end of the implant, thereby allowing the

user to choose whether to deploy the implant with the worm gear mechanism at the proximal or

distal end of the implant.

Thus, expandable implant 400 shares with implant 200 a worm gear 202 deployed in a

recess 204 with a through-bore 208 which typically is implemented with a hex-socket cross-

section so as to serve also as a bidirectional driver-receiving socket. In addition, second end

portion 20 of the base is preferably formed with an aperture 308 aligned with worm gear 202 so

as to allow insertion of a tool through the aperture to engage the worm gear for rotating the

worm gear.

As a result of this structure, expandable implant 400 can be used reversibly, according to

the requirements of a particular procedure and the preferences of a particular surgeon. FIG. 15A

illustrates schematically a deployed position of expandable implant 400 relative to a vertebral

endplate via a TLIF approach when the worm gear mechanism is deployed proximally so as to

expand primarily at its distal end. FIG. 15B illustrates schematically a deployed position of



expandable implant 400 relative to a vertebral endplate via a TLIF approach when the worm gear

mechanism is deployed distally so as to expand primarily at its proximal end.

Expandable implant 400 also illustrates a further variant implementation of overlapping

jaws 24 and 26. In contrast to the above embodiments in which jaw 26 is typically circumscribed

on three sides by jaw 24, jaw 26 is here implemented a structure which extends the full width of

the implant, with a forked structure which straddles a connecting region 402 of base 10, as best

seen in FIG. 13A. In the non-limiting example illustrated here, jaw 24 is implemented as an end

plate with an arcuate inside surface in facing relation to the arcuate outer surface of jaw 26.

In all other respects, the structure and function of expandable implant 400 is similar to

that of expandable implants 200 and 300, and will be understood by analogy to the preceding

description.

Turning now to FIGS. 16A-17B, these illustrate a variant implementation of expandable

implant 200, designated expandable implant 250. Implant 250 is essentially similar in structure

and function to implant 200, with analogous elements labeled similarly. Implant 250 differs from

implant 200 primarily in the structure of jaws 24 and 26, which are here arranged as arcuate

nested elements with jaw 26 closer to axis 18 and jaw 24 further from the axis. This arrangement

allows both jaws to extend across the entire width of the implant h certain cases, this

configuration may provide advantages when used as a laterally expandable intervertebral cage if

it is desired to provide enhanced support of around the entire periphery of the cage when

deployed.

Parenthetically, although illustrated herein with a generally uniform width, the width

dimension of implants according to the present invention may be varied according to the needs

of each particular application. For example, in the case of a laterally expandable cage, it may be

desirable to vary the width of the implant along its length in order to better fit the implant to the

physiological shape of the vertebral endplates.

Turning now to FIGS. 18A-19B, although illustrated thus far in the exemplary context of

an implant expanding laterally, within an axial plane, it should be noted that the implants of the

present invention are not limited to this application, and can equally be used for a range of

additional orthopedic applications, wiiether in spinal surgery or elsewhere in the body. By way

of one further subset of non-limiting examples, FIGS. 18A-19B illustrate a modified version of

implant 100, here designated 160, configured for use as an angle-correcting implant for adjusting

a lordotic angle and/or a scoliosis angle between adjacent vertebral endplates. In this case,

instead of providing ridges 50 along the lateral edges of the components, base 10 and

displaceable element 12 are here provided with ridges 162 or other projecting features for bone



engagement on the major outward facing surfaces of the base and displaceable element. FIGS.

8A and 8B illustrate deployment of expandable implant for restoration of lordotic angle via a

TL F approach, while FIGS. 1 A and 19B illustrate deployment via a PLIF approach.

The angular range of motion for which each of the above examples is designed varies

according to the requirements of each application. For lordotic or scoliosis angle correction, in

some cases, angular ranges of up to 8 degrees may be sufficient. In many cases, it is desirable to

provide larger ranges of adjustment, preferably in excess of 10 degrees, and in many cases of 20

degrees or more. Particularly for laterally expandable cage implementations, a maximum

opening angle in the range of 20-30 degrees may be preferred.

Referring finally to FIGS. 20A-21B, there is shown an expandable implant, generally

designated 500 which exemplifies an alternative approach to maintaining an enclosed volume

within the implant during angular deployment of a displaceable element 12 relative to a base 10.

The features of implant 500 are generally similar to those of implant 200 described above, and

analogous features are labelled similarly. In this case, instead of overlapping jaws, second end

portion 20 of base 10 is formed with a hollow block 502 that houses a channel 504 within which

is housed a flexible strip 506. One end of flexible strip 506 is fastened to second end portion 22

of displaceable element 12 so that the strip is drawn out and deployed as displaceable element 12

opens away from base 10. Optionally, a mechanism (not shown) may be deployed to maintain

tension in the strip.

To the extent that the appended claims have been drafted without multiple dependencies,

this has been done only to accommodate formal requirements in jurisdictions which do not allow

such multiple dependencies. It should be noted that all possible combinations of features which

would be implied by rendering the claims multiply dependent are explicitly envisaged and

should be considered part of the invention.

It will be appreciated that the above descriptions are intended only to serve as examples,

and that many other embodiments are possible within the scope of the present invention as

defined in the appended claims.



WHAT IS CLAIMED IS:

1. An expandable implant comprising:

(a) a base extending from a first end portion to a second end portion; and

(b) a displaceable element extending from a first end portion to a second end portion,

wherein said first end portions of said base and said displaceable element are hingedly

interconnected,

and wherein said second end portions of said base and said displaceable element are formed with

complementary jaws, said complementary jaws being configured to provide continuous overlap

over a range of angular positions of said displaceable element relative to said base.

2. The expandable implant of claim 1, wherein said complementary jaws provide

complementary facing arcuate surfaces.

3. The expandable implant of claim 1, wherein said complementary jaws provide

complementary facing surfaces corresponding to solids of revolution about an axis of said hinged

interconnection.

4 . The expandable implant of claim 1, wherein a first jaw of said complementary jaws

comprises at least one projecting portion that is interposed between inward facing surfaces of a

second of said complementary jaws.

5. The expandable implant of claim 2, wherein said inward facing surfaces are

integrated with an end wall such that said inward facing surfaces and said end wall encompass

said at least one projecting portion on three sides.

6. The expandable implant of claim 1, wherein said complementary jaws are configured

to provide said continuous overlap over a range of angular positions of said displaceable element

relative to said base spanning at least 10 degrees.

7. The expandable implant of claim 1, wherein said complementary jaws are configured

to provide said continuous overlap over a range of angular positions of said displaceable element

relative to said base spanning at least 20 degrees.



8. The expandable implant of claim 1, wherein said first end portion of said displaceable

element is formed with a plurality of projecting teeth configured as a partial gear centered on an

axis of the hinged interconnection with said base, said projecting teeth being configured for

engaging a worm gear.

9. The expandable implant of claim 3, wherein said first end portion of said base is

formed with a socket configured for removably receiving a worm gear tool for engaging said

teeth and displacing said displaceable element.

10. The expandable implant of claim 4, wherein said displaceable element is displaceable

relative to said base from an initial position defining a compact configuration of the expandable

implant towards a deployed position defining an expanded configuration of the expandable

implant, and wherein said complementary jaws are formed with complementary parts of a

retention configuration configured for inhibiting return of said displaceable element towards said

initial position.

11. The expandable implant of claim 5, wherein said retention configuration comprises at

least one sequence of ratchet teeth deployed to inhibit return of said displaceable element from a

range of positions of said displaceable element towards said initial position.

12. The expandable implant of claim 5, wherein said retention configuration comprises

two resilient retention elements separated by a slot, and wherein said retention configuration is

configured such that, on insertion of a prising tool into said slot to increase a spacing of said slot,

said retention configuration is released to allow displacement of said displaceable element

towards said initial position.

13. The expandable implant of claim 3, further comprising a worm gear rotatably

deployed within said first end portion of said base in engagement with said teeth such that

rotation of said worm gear effects displacement of said displaceable element, wherein said worm

gear is a hollow worm gear formed with an axial through-bore for introduction of filling material

via said axial through-bore into the expandable implant.

14. The expandable implant of claim 8, wherein said second end portion of said base is

formed with an aperture aligned with said worm gear so as to allow insertion of a tool through

said aperture to engage said worm gear for rotating said worm gear.



15. The expandable implant of claim 3, further comprising a worm gear rotatably

deployed within said first end portion of said base in engagement with said teeth such that

rotation of said worm gear effects displacement of said displaceable element, and wherein said

second end portion of said base is formed with an aperture aligned with said worm gear so as to

allow insertion of a tool through said aperture to engage said worm gear for rotating said worm

gear.

16. An expandable implant comprising:

(a) a base extending from a first end portion to a second end portion; and

(b) a displaceable element extending from a first end portion to a second end portion,

wherein said first end portions of said base and said displaceable element are hingedly

interconnected,

and wherein said first end portion of said displaceable element is formed with a plurality of

projecting teeth configured as a partial gear centered on an axis of the hinged interconnection

with said base, said projecting teeth being configured for engaging a worm gear,

and wherein said first end portion of said base is formed with a socket configured for removably

receiving a worm gear tool for engaging said teeth and displacing said displaceable element.

17. The expandable implant of claim 14, and wherein said second end portions of said

base and said displaceable element are formed with complementary jaws, said complementary

jaws being configured to provide continuous overlap over a range of angular positions of said

displaceable element relative to said base.



AMENDED CLAIMS
received by the International Bureau on 26 December 201 7 (26.1 2.201 7)

1. An expandable implant comprising:

(a) a base extending from a first end portion to a second end portion; and

(b) a displaceable element extending from a first end portion to a second end portion,

wherein said first end portions of said base and said displaceable element are hingedly

interconnected,

and wherein said first end portion of said displaceable element is formed with a plurality of

projecting teeth configured as a partial gear centered on an axis of the hinged interconnection

with said base, said projecting teeth being configured for engaging a worm gear,

and wherein said first end portion of said base is formed with a socket configured for removably

receiving a worm gear tool for engaging said teeth and displacing said displaceable element.

2 . The expandable implant of claim 1, wherein said second end portions of said base and

said displaceable element are formed with complementary jaws, said complementary jaws being

configured to provide continuous overlap over a range of angular positions of said displaceable

element relative to said base.

3 . The expandable implant of claim 2, wherein said complementary jaws provide

complementary facing arcuate surfaces.

4 . The expandable implant of claim 2, wherein said complementary jaws provide

complementary facing surfaces corresponding to solids of revolution about an axis of said hinged

interconnection.

5 . The expandable implant of claim 2, wherein a first jaw of said complementary jaws

comprises at least one projecting portion that is interposed between inward facing surfaces of a

second of said complementary jaws.

6 . The expandable implant of claim 5, wherein said inward facing surfaces are

integrated with an end wall such that said inward facing surfaces and said end wall encompass

said at least one projecting portion on three sides.



7 . The expandable implant of claim 2, wherein said complementary jaws are configured

to provide said continuous overlap over a range of angular positions of said displaceable element

relative to said base spanning at least 10 degrees.

8 . The expandable implant of claim 2, wherein said complementary jaws are configured

to provide said continuous overlap over a range of angular positions of said displaceable element

relative to said base spanning at least 20 degrees.

9 . The expandable implant of claim 2, wherein said displaceable element is displaceable

relative to said base from an initial position defining a compact configuration of the expandable

implant towards a deployed position defining an expanded configuration of the expandable

implant, and wherein said complementary jaws are formed with complementary parts of a

retention configuration configured for inhibiting return of said displaceable element towards said

initial position.

10. The expandable implant of claim 9, wherein said retention configuration comprises at

least one sequence of ratchet teeth deployed to inhibit return of said displaceable element from a

range of positions of said displaceable element towards said initial position.

11 . The expandable implant of claim 10, wherein said ratchet teeth are oriented such that

a compressive load applied to the expandable implant parallel to an axis of said hinged

interconnection enhances engagement of said retention configuration.

12. The expandable implant of claim 9, wherein said retention configuration comprises

two resilient retention elements separated by a slot, and wherein said retention configuration is

configured such that, on insertion of a prising tool into said slot to increase a spacing of said slot,

said retention configuration is released to allow displacement of said displaceable element

towards said initial position.

13. The expandable implant of claim 1, further comprising a tightenable clamping screw

mounted in said first end portion of said base and tightenable against a surface of said first end

portion of said displaceable element so as to lock a relative position of said base and said

displaceable element.
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