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PLANT FOR FIXATION OF FIRST AND SECOND BONES AND METHOD

OF FIXING FIRST AND SECOND BONES USING THE IMPLANT

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] This invention relates to implants and, more particularly, to an

implant for fixation of first and second bones, as to allow fusion

therebetween. The invention is also directed to a method of fixing first and

second bones using the implant.

BACKGROUND ART

[ 02J It is known to fuse the talus and the calcaneus (the "heel bone")

to address certain foot conditions. The talus sits on top of the calcaneus.

Superiorly (on its upper surface), the talus forms a major part of the ankle

joint, th s joint providing the motion that allows the foot t go up and down.

Interiorly (on its lower surface), the talus forms a separate joint with the

calcaneus, th subtalar joint. The subtalar joint is actually no a singl joint

surface but rather formed by three separate and distinct facets, with the

posterior facet being the major part and the anterior and middle facets small

contributions to this joint. The three joints work together, however, and

provide the motion that allows the heel to invert or evert from side to side so

that the foot can maintain a flat contact with uneven ground.



[0003 On the !aiera! side of the hindfoot between th posterior facet

and the other facets of the subtalar joint (middle, anterior), there is a conical

shaped interval between the talus and the calcaneus. This cone of soft

tissue between the two bones is called the sinus tarsi. It is wider laterally

and tapers medially as it crosses between the two bones.

[0004 Certain conditions such as fractures of the calcaneus or flat feet

can lead to arthritis of the subtalar joint, which can cause considerable pa n

and dysfunction with walking. When this is not controlled with simple

methods of treatment, such as anti-inflammatory medication or shoe inserts,

a preferred treatment can be to perform arthrodesis, or fuse, the subtalar

joint. Although arthrodesis creates a single bone between the talus and

calcaneus and eliminates all motion between the two bones, it can be very

effective for controlling pain.

[ 5] The general principles of arthrodesis or fusing a joint are no

different when addressing the subtalar joint as compared to any other joint.

The surface cartilage is removed and the bone roughened on the joint

surfaces t create a surface that s conducive to causing the bones on either

side to heal to one another. Frequently, this includes the application of bone

graft, or porous cancellous bone that is removed and applied across the

surfaces of the joint. I a simplistic way of looking at this, the surgeon is

trying to get the bone on each side of the joint to 'think if has been fractured

so that they heal to one another.

[0006] In addition to preparation of th joint surfac and application of

bone graft, it is important to stabilize the joint to eliminate micromotion

between the two bones while healing takes place. This helps to prevent



disruption of the microscopic crossing channels of bone that are laid down

during the healing phase, a process that prevents the two bones from healing

to one another.

[0007] There are different methods that are currently used to rigidly fix

the two bones in order to promote arthrodesis of the subtalar joint.

[0008] On method is to apply a plate across the surface of the two

bones. Plate fixation has the disadvantage of requiring a large incision to

allow application of a plate large enough to provide fixation. The skin in this

area is frequently thin and has a poor vascular supply, and large incisions

are prone to break-down, dehiscence, and infection. n addition, since plates

are applied to the surface of the bone, they need to be thick enough to

withstand the relatively large loads from bending torque; this bulk can

contribute to skin breakdown or irritation.

000 Another method is to place screws across the joint. Simple

screw fixation, however, is not a strong method of fixation and may fail with

the loads that are applied with weight bearing.

[0010] Still another method of fixation is to place staples across the

joint. Since staples are on the surface of the bone they are subject to

bending torque and can loosen n addition, staples only fix a singl surface

of the joint which limits fixation across the joint surface.

[0011] All current methods of fixation are deficient in one or more

respects, as described above. Many of the methods apply implants to the

surfaces of the bone which are at significant distances fro the joints being

fused; these are less effective at controlling micromotion across the joint



surfaces and are subject to considerable cantilever bending loads in

addition, these methods require direct tedious intraarticular debridement of

the joint surface with extensive exposures in order to expose raw hone

surfaces on either side of the joint

| ] Those in the medical art continue to seek out better methods of

fixation of bones, particularly at the subtalar joint.

SUMMARY OF THE INVENTION

[00 ] In one form, the invention is directed to an implant for fixation of

first and second bones at a first site. Th implant consists of a body having a

central axis and a depth dimension between first and second axia !y spaced

ends. The body has an outer surface at least nominally matched to a

tapered surface around a receptacle formed at the first site by rotating a

cutting element around a second axis. The body outer surface and tapered

surface are configured so that as the body is advanced along the central axis

into an operative position within the receptacle, the body outer surface and

tapered surface cooperate to cause the central and second axes to

consistently substantially align. A plurality o openings in the body each

accepts a fastener. The plurality of openings consists of: a) a first opening

through which a first fastener can be directed along a first line through the

operatively positioned body and into one of th first and second bones; and

b a second opening through which a second fastener can be directed along

a second line through the operatively positioned body and into one of the first

and second bones.



[0014] in one form, the implant s used in combination with a reamer

for defining the bore at the first site. The reamer has a centra! axis and is

configured to produce a truncated conical shape for at ieast a portion o the

tapered surface as a incident of the reamer turning around its central axis.

[00 ] n one form, the first opening is formed so that the first fastener

can be advanced into one of the first and second bones in a line substantiaify

parallel to the central axis of the body.

[001 ] In one form, one of the openings s formed so that one of the

fasteners can be advanced therethrough in one of the first and second lines

that is non-parallel to the central ax s of the body.

[0017] n one form, the second opening is formed s that the second

fastener can be advanced into one of the first and second bones along the

second line that is at an angle to the central axis of the body.

[0018] In one form, the first and second lines are not parallel to each

other.

[0019] In one form, the first and second lines are non-parallel to the

central axis of the body

[0020] In one form, at least a portion of the outer surface of the body

has a truncated conical shape.

[0021] In one form, the body has a central cavity with a non-uniform

diameter.

[0022] in one form, the first end of the body is a leading end as the

body is advanced info the operative position. The central cavity is bounded



by a ring-shaped inner surface portion through which one of the openings is

formed

[0023] In one form, the ring-shaped inner surface portion extends over

less than half of the depth dimension between the first and second axial ends

of the body and blends axiaily into a second inner surface portion tha has a

shape that is different than a shape of the ring-shaped inner surface portion.

one form, the ring-shaped inner surface portion is a an angle

to the central axis of the body that s greater than an angle at which the

second inner surface is at relative to the central axis of the body.

[00251 form, the second inner surface portion terminates at an

axiaily facing wall.

[0026] In one form, one of the openings is formed in the axiaily facing

wall.

[0027] In one form, the body has a peripheral wall defining the outer

surface. There is at least one discrete receptacle formed in the outer surface

to create a volume for bone graft material between the operatively positioned

body and one of the bones.

[0028] In one form, the body has a central cavity bounded by a

peripheral wall. There is at least one opening through the peripheral wail to

allow placement of a volume of bone graft material that is contiguous through

the at least one opening between one of the first and second bones and the

central cavity.

[0029] in one form, the at least one opening is a plurality of openings

that allow placement of a volume of bone graft material that is contiguous



through the piurality of openings and central cavity between each of the first

and second bones.

[0030] n one form, the body has a peripheral wall. The peripheral wall

has a discrete truncation extending only partially around the central axis at

the first end.

[0031] In one form, the body consists of one of: a) a thermoplastic

material; and b) a thermoplastic material that is polyether ether ketone

(PEEK).

[0032] In one form, the first and second openings each has an

entryway that is spaced along the central axis from each of the first and

second body ends.

£0033] n one form, the first end of the body is a leading end defined

by a leading surface and the second end of the body is a trailing end defined

by a trailing surface. The trailing surface has at least a portion thereof that is

not perpendicular to the central axis of the body.

[0034 In one form, the implant is provided in combination with the first

and second fasteners.

[003S] I one form, at least one of the fasteners is a polyaxiai locking

screw.

[003 In one form, at least one of the fasteners has a head region that

is threadably locked to the body.

[0037] In one form, the invention is directed to a implant for fixation of

first and second bones at a first site. The implant consists of a body having a



central axis and a depth dimension between first and second axially spaced

ends. The body has an outer surface at least nominally matched to a

tapered surface around a receptacle formed at the first site by rotating a

cutting element around a second axis. The body outer surface and tapered

surface are configured so that as the body is advanced along the central axis

into an operative position within the receptacle, the bod outer surface and

tapered surface cooperate to cause the central and second axes to

consistently substantially align. There are a plurality of openings in the body

to each accept a fastener. The plurality of openings consists of: a) a first

opening through which a first fastener can be directed along a first line that is

substantially parallel to the central axis of the body and into one of the first

and second bones; and b a second opening through which a second

fastener can be directed along a second line into one of the first and second

bones.

[0038] In one form, the second line is at an angle to the first line.

[0039] In one form, the body has a central cavity bounded by a

peripheral wall. There is at least one opening through the peripheral wail to

allow placement of a volume of bone graft through the at least one opening

between one of the first and second bones and the central cavity.

[0040 In one form, the body has a peripheral wall defining the outer

surface. There is at least one discrete receptacle formed in the outer surface

to create a localized volume for bone graft material between the operatively

positioned body and one of the bones.



| 41] In one form, the invention is directed to a method of fixing first

and second bones. The method includes the steps of. providing the implant

as described above; forming a receptacle bounded by a tapered surface at

the first s te through parts of the first and second bones; directing the first

end of th body into the receptacle to operatively position the body; directing

a first fastener through the first opening into one of the first and second

bones; and directing a second fastener through the second opening into one

of the first and second bones.

[0042] In one form, the step of forming a receptacle involves forming a

receptacle using a reamer with a central axis by rotating the reamer around

its central axis.

[0043] In one form, the step of forming a receptacle involves forming a

receptacle by removing bone material on each of the first an second bones.

[0044] n one form, the step of forming a receptacle involves forming a

receptacle with a reamer that produces a conical shape for the tapered

surface bounding the receptacle.

[0 4 ] In one form, the step of providing an implant involves providing

an implant wherein the outer surface of the body has a conical shape at least

nominally matched to the conical shape for the tapered surface bounding the

bore.

[0048] In one form, the step of directing the first end of the body into

the receptacle involves pressing the body into the operative position by

exerting a force on the body along the central axis of the body and without

turning the body around the central axis of the body.



[ 47] i one form, the first and second bones are a patient's taius

and calcaneus bones

[0048] n one form, the step of forming a receptacle involves forming a

receptacle at the patient's sinus tarsi.

[00493 one form, the step of providing an implant involves providing

an implant wherein the body has at least on recess at the outer surface to

thereby create a volume between the body and one of the first an second

bones within the bore. The method further includes the step of placing bone

graft material in the recess.

[0050] in one form, the receptacle has a bottom. The step of directing

the first end of the body into the receptacle involves causing the outer

surface of the body to wedge against the tapered surface of the receptacle

with the first end of the body spaced from the bottom of the receptacle.

[0051] In one form, the method further includes the steps of directing

one of the fasteners through the first end of the body and into one of the

bones and repositioning the one fastener to thereby forcibly draw the outer

surface of the body and the tapered surface of the bore against each other.

[0 52J In one form, the step of providing an impiant involves providing

an implant wherein the body has a central cavity bounded by a peripheral

wall with an opening through the peripheral wall. The method further

includes the step of placing bone graft so that a contiguous volume of the

bone graft extends from the central cavity through the opening in the

peripheral wall and to against one of the bones.



0 53 I one form, the step of providing an implant Involves providing

an implant wherein the body has a ring-shaped surface through which the

first and second openings extend. The step of directing the first and second

fasteners involves of directing the first and second fasteners through the ring-

shaped surface along the first and second lines that are non-paralfel to the

centra! axis of the body.

00 4] In on form, the step of providing an implant involves providing

an implant wherein the body has a third opening. The method further

includes the step of directing a third fastener along the central axis of the

body through the third opening and into one of the bones.

BRIEF DESCRIPTION OF THE DRAWINGS

£0055] Fig 1 is a schematic representation of an implant for fixation of

first and second bones at any site on a human body, according to the

invention;

0 5 ] Fig. 2 is a perspective view of a patient's lower leg and foot and

showing talus and calcaneus bones which may be fixed relative to each other

using the inventive implant;

[0057] Fig. 3 is a view as in F g. 2 with one specific form of implant,

according to the present invention and as shown schematically in Fig. 1, in

place at the subtalar joint and secured with fasteners;



[0058] Fig. 4 is a fragmentary, perspective view of a part of the foot in

Fig. 3 with the implant in Fig. 3 shown in schematic form and fixed in place at

the subtalar joint;

[0 S ] Fig. 5 is a schematic representation of cooperating surfaces on

the inventive implant an bones at an implant site;

[0060] Fig. is an enlarged, side elevation view of the implant in Fig.

3 with a body thereon being directed into an operative position within a

receptacle defined at the subtalar joint;

[0061] Fig. is a schematic representation of a surface bounding a

central cavity on the implant in Fig. 6 ;

[0062] Fig. 8 is an end elevation view of the implant as shown in Fig.

6;

[0063] Fig. 9 is an elevation view of the implant from the en opposite

tha in Fig. 8;

[0084] Fig. 10 is an elevation view of the implant from the side

opposite that in Fig. 8 ;

[00 5 Fig. is a perspective view of the implant as shown in Figs. -

10;

[0066] Fig. 1 is a view of the implant taken from a perspective

different than that in Fig. 1;

[0067] Fig. 13 is a view as in Fig. 9 wherein fasteners for the implant

are directed through the implant;

[0068] Fig. 4 is a view as in Fig. 1 with the fasteners in place;



[0089] Fig, 5 is a view as in Fig, 8 with the fasteners in place;

[0070] Fig, 1 is a view as in Fig, 8 with the fasteners in place;

[0071] Fig. 17 is a schematic representation of fasteners of the type

shown in Figs. 1 - , for secu ng the implant to bone;

[0072] Fig. 1 is a flow diagram representation of a method of fixing

first and second bones using the inventive implant; and

[0073] Fig. 19 is a view as in Fig. 14 and showing a modified form of

implant body.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0074] In Fig 1, there is a generic showing of the inventive implant 10

used to fix first and second bones 12, 14, respectively. The implant 1 and

bones 12, 14 are shown schematically to cover the full breadth of the

invention. The schematic showing of the implant 10 is intended to

encompass a l versions, as described herein, and virtually an unlimited

number of variations thereof that would be apparent to one skilled in the art

from the disclosure herein. The first and second bones 12, 14 are shown

schematically to include specific bones for which the implant 10 is particularly

adapted, as described hereinbelow, and bones at any site in the human body

that might be fixed consistently with the principles described herein.

[0075] The invention will be described herein as used at the subtalar

joint at 16 on a human foot at 18, as shown in Figs. 2-4. The subtalar joint

s located where the talus 20 sits on fop of the calcaneus 22. The tibia 24



s situated on top of the talus 20 A conical region of soft tissue, called the

sinus tarsi 28, resides between the talus 20 and calcaneus 22. This mass of

tissue is wider laterally and tapers medially so as to produce the

aforementioned conical shape.

[0076] One specific form of implant 10, and method of fixing the talus

20 and calcaneus 22 using the same, -will now be described with respect to

Figs. 2-18.

[0077] As shown in Figs. 2 and 3 , a conventional reamer 28 is shown

for producing a receptacle at 30 for the implant 10, The reamer 28 may take

any conventional form. Typically, the reamer 28 will have a cutting element

32 that rotates around an axis to produce a surface 34 at the implant site 3

with a diameter that increases from the leading end of the cutting element 32

in a trailing direction. Preferably, the cutting element 32 is configured so that

the receptacle 30 formed thereby is configured by eliminating a substantial

portion, if not all, of the sinus tarsi 28. The resulting tapered surface 34 is

defined in part by the talus 2 and calcaneus 22.

[0078] The implant 10 has a body 38 with a central axis 40 and a

depth dimension D between a first axial en 42 and a second axial end 44.

The body 38 has a peripheral wall 46 that extends around the central axis 40

and defines an outer surface 48 The outer surface 48 is at least nominally

matched to the shape of the surface 34 bounding the formed receptacle 30.

[0079] Fig. 5 is a schematic representation of a cooperating receptacle

bounding surface 50 and body outer surface 52 which generica!ly represent

the surfaces 34, 48, specifically described herein, and other cooperating



surface configurations contemplated. For example, as explained in greater

detail below, the depicted surfaces 34, 48 have cooperating conicaliy-shaped

regions. While this s one preferred form, the invention contemplates virtually

any cooperating tapered surfaces 50, 52 that are configured so that as the

body 38 is advanced along its axis 40 in the direction of the arrow 54 in F g 6

into its operative position within the receptacle 30, as shown in Fig. 3, the

surfaces 50, 52 cooperate to cause the axes thereof to consistently

substantially align. In a preferred embodiment, the central axis 40 of the

body 38 will consistently substantially align with the central axis 56 of the

receptacle 34 formed by the reamer 28.

[0080] As just examples, the implant might have a body with a

parabolic outer surface. Alternatively, the shape of the outer surface of the

body may have significant deviations from a shape traced continuously

around the implant axis. The interruptions i the surface may allow for

placement of bone graft material, as described herein. As just one example,

the implant outer surface might be formed by a pair of diametrically opposite

ribs with tapering surfaces nominally matched to the configuration of the

tapering surface bounding the implant receptacle.

[0081] While the conical shape of the surfaces, including the truncated

conical shape of the surface 34 bounding the receptacle 30 and the

truncated conical shape of the outer surface 48 of the body 38, is a preferred

shape, the selection of this shape for description herein should not be viewed

as limiting.

| 82] The peripheral wall 48 of the body 38 extends around a centra!

cavity 58 shown with a non-uniform diameter. The central cavity 58 is



bounded by an inner surface 80 with a ring-shaped inner surface portion 62

adjacent to the second/trailing end of the body 38 The ring-shaped surface

portion 62 preferably extends over less than one-half the depth dimension D

of the body and blends axiafly into a second inner surface portion 64 that has

a shape that is different than the shape of the ring-shaped surface portion 62.

[0083] More particularly, as may be seen most clearly n Fig. 7 , which

schematically shows the shape of the surface 60, the ring-shaped surface

portion 62 at any circumferential location makes an angle a with respect to

the central axis 40 of the body 38. The angle is substantially greater than

the angle that the surface portion 64 makes with respect to the axis 40. In

the particular embodiment, the surface portion 64 is substantially parallel (at

zero degree angle) with respect to the central axis 40. A slight tapering or

other shape is also contemplated. The surface portion 62 may be straight at

any circumferential location, or potentially slightly curved. The angular

relationship of the ring-shaped surface portion 62 facilitates direction of

fasteners therethrough and access to fasteners through tools, as described

hereinbelow. By making the angle between the surface portion 62 and axis

relatively large, fasteners can be directed therethrough in lines that ar at

large angles relative to the central axis 40. Room is provided for handling

the fasteners and d vers therefor.

[0©84| Fasteners, shown as threaded fasteners 66, 88, are utilized to

fix the body 38 to the talus 20 and calcaneus 22. While in the embodiment

shown, there are seven total fasteners 66, 68 utilized, the invention

contemplates use of fewer, or more, of such fasteners 66, 68.



[ 8S] To accommodate the fasteners 68, 68, openings 70, 72 are

pre-formed in the body 38. The opening 72 is provided through the leading

end wail 74 to guide a fastener 68 therethrough generally in a ine paralie! to

the centra! axis 40 of the body 38.

008 ] The openings 70 are circumferentiaily spaced around the ring-

shaped surface portion 62 and are formed with their central axes angied with

respect to the central axis 40, thereby to guide the fasteners 66 generally in

ines at a substantial angle Θ (Fig. 7) with respect to the central axis 40 of the

body 38.

[0087] n one form, the openings 70, 72 are threaded so that the

fasteners 66, 68 are advanced in their respective lines at substantially a pre

determined angle.

[ 88 Polyaxiai locking screws may be used for the fasteners 6, 68.

in one variation, the body 38, or at least the portion thereof that defines the

openings 70, 72, is made out of plastic, such as a thermoplastic material.

One suitable thermoplastic material is polyether ether ketone (PEEK).

[0089] The fasteners 6 , 68 may be made out of metal, such as

titanium. An enlarged head might be utilized to allow the fasteners 66, 68 to

lock into the body 38. A schematic representation of polyaxiai fasteners 66,

68 is shown in Fig. 17. In that Figure, the fasteners 66, 68 have a locking

head region 76 that threadabiy locks with the body 38 when tightened.

[00 0] As seen particularly in Figs. 3 and 16, the fastener 68 can be

directed generally parallel to the axis 40 into the calcaneus 22. The

fasteners 66 can be directed angularly relative to the central axis 40 aiong



their respective lines into the talus 20 and calcaneus 22. This causes the

implant to be rigidly secured to each of the talus 20 and calcaneus 22. With

this arrangement, multiple planes of insertion of the fasteners 66, 6 provides

rigid connection with holding force application in multiple directions to

positively secure the body 38 to the talus 20 and calcaneus 22 a d thus the

talus 20 and calcaneus 22 to each other. Tightening of the fasteners 66, 68

draws the talus 20 and calcaneus 22 towards each other. This compressing

action promotes bone fusion.

0 S1J The strategic configuration of the surface 60, including that at

the ring-shaped surface portion 62, facilitates introduction of the fasteners 66

at th multiple angles. This configuration allows the openings 70 to be

spaced fully from the second body end 44 significantly so as no to

compromise th integrity of the body 38 thereat. At the same time, the

angular relationship of the surface portion 62 creates a widened diameter

whereby the fasteners 66 can be readily introduced into their respective

openings 70 and manipulated without interference with an appropriate

turning tool 78.

092] The central cavit 68 serves a number of purposes. First of all,

it decreases the overall quantity of material needed to form the body 38. As

noted previously, th central cavity 58 also facilitates the placement of

numerous fasteners 66 at different angular relationships. The configuration

of the surface portion 64 is not as critical as that of the surface portion 62. n

the depicted embodiment, the second surface portion 64 extends fully to the

axiaily facing end wall 74. The diameter of the surface portion 64 may be

uniform or variable.



[0093] The body 38 is also constructed to accommodate bone graft

material that can be strategically placed to enhance the fixation/fusion

process. In this embodiment, four openings 80 are provided, in the depicted

embodiment, at circumferentially spaced locations around the peripherai wall

48. The openings 80 each accommodates a volume of bone graft material.

The openings 80 are shown fully through the peripherai wall 46 so as to allow

a volume of bone graft materia! to be filled therein to be contiguous with the

centra! cavity 58 and the talus 20 and calcaneus 22 By providing multiple

openings 80, the volume of bone graft material can be placed to be

contiguous fully through the openings 80 and central cavity 58 fully between

each of the talus 20 and calcaneus 22, to effect a more positive Interlock.

[0094] The openings 80 are shown to have a trapezoidal shape. This

particular shape is not critical, but is desirable in that it causes a positive

interlock of the bone graft material.

[0095] It is also possible to form bounded receptacles that do not

extend fully through the peripheral wall 46, whereby there is localized

interlocking between the outer surface 48 of the peripheral wall 46 and the

adjacent bone talus 20 or calcaneus 22.

[0098] The openings and/or receptacles are steed, shaped, and

located to allow strategic placement of a volume of bone graft materia! to

enhance bone fusion and stabilize the fused bones.

[0097] As seen in Fig. 3, with the body 38 in its operative position, a

region at the second axial end 44 at 82 may project so as to potentially

contact and irritate adjacent tissues. Accordingly, the body 38 is formed with



a discrete truncation 84 at this location. This truncation 84 produces a

generally flat surface 8 that is non-orthogonal to the central axis 40 as is the

remainder of the surface 88 at the second end 44 of the body 38 This

feature avoids issues of soft tissue prominence in situations in which the

central axis of the receptacte is angled relative to the surface plane of th

bone.

[0098] As an alternative, as shown in dotted lines in Fig. , the entire

surface at the end 44' may be angled to eliminate that portion of the body 38

that may otherwise project so as to contact adjacent tissues.

[0099] Graft receiving openings 90 may also be provided in the end

wall 74 to enhance fusion thereat.

[00100] With the above described structure, a procedure using the

implant 10 can be carried out as follows, and as shown in flow diagram form

in Fig. 8. An incision is made as shown at block 92 over the lateral side of

the foot, centered over the sinus tarsi 26. The dissection is continued

deeply, removing the soft tissue from the sinus tarsi 28 to expose the surface

of the taius 20 and calcaneus 22.

[00101] As shown at block 94, the receptacle 30 is formed, as by using

the aforementioned reamer 28, Typically, as shown in Fig. 2, a guide pin 96

is inserted through the sinus tarsi 26 down th subtalar joint and into the

calcaneus 22. The reamer 28 is passed over the pin 96 and operated to

form the receptacte 30. Of course, the receptacle 30 could be formed

without using the pin 96.



[00102] The reamer operation creates a raw cancellous bone surface

on either side of the joint in the talus 20 and calcaneus 22. Further removal

of the cartilage of the subtalar joint can be done at this stage, and graft

inserted nto areas of the joint that are deep to the reamed surface 34.

[00103] Next, bone graft is applied into the receptacle, whereupon the

implant 10 is inserted, as shown at block 97. The implant 1 is secured

using th fasteners 86, 88, as shown at block 98.

[00104] ideally, the major facet to the subtalar joint is the posterior

facet. Fusion across the posterior facet of the subtalar joint is usually

adequate to fuse the entire joint. The implant 10 is inserted through the

sinus tarsi 26 and directed posteriorly across the posterior facet.

0010 During the reaming process, the bone in the talus 20 and

calcaneus 22 is shaved and creates bone graft which can be used to

enhance the fusion. The opening into the subtalar joint also provides easy

access to further decorticate the deeper portions of the joint to promote

fusion.

[00106] The implant can be pressed into place without turning the

body 38 around the axis 40. By reason of the configurations of the

cooperating surfaces 34, 46, the advancing implant 10 tends to coaxially

align with the receptacle 30 and become wedged. The body 38 can be

configured so that this wedging occurs before the end wail 74 contacts the

calcaneus 22. Accordingly, by tightening the fastener 68 further, the implant

tends to draw the talus 20 more positively against the calcaneus 22 to

produce a greater compressive action that further secures the fixation.



[00 7] As noted previously, the precise shape of the outer surface 48

of the peripheral wall 48 is not limited to what is described above. As one

other variation, as shown in Fig. 1 , a modified form of implant 10' is shown

with a body 38' having diametrically opposite flats 102 thereon. The flats 102

coincide with openings 104 through the peripheral wall 46' tha are

contiguous wit the central cavity 58'. The flats 102 produce receptacles to

contain a volume of bone graft between the body 38' a d the adjacent bone -

talus 20 or calcaneus 22 The implant 10' in all other respects may be the

same as the implant 10, described above, and fixed using the fasteners 68,

68.

[00 There are several potential advantages realized using the

inventive implant and method.

[00109] First, only a limited incision is needed over the sinus tarsi, since

wide exposure of the lateral surfaces of the talus and calcaneus s not

needed such as with application of a plate or even staples). This avoids

problems with wound breakdown, reduces the risk of infection, and avoids

large scars.

[00 0 Second, preparation of the joint surface for fusion may be

simplified. A conical reamer allows preparation of a surface for intimate

apposition of the surface of the implant to the bone, and prepares a raw bone

surface that promotes fusion. This can be accomplished without the wide

exposure and tedious debridement of the individual joint surfaces.

[00 1] Third, the conical structure of the implant is an extremely strong

geometric shape that is capable of withstanding the large loads applied



across the subtalar joint. Unlike staples, screws or plates, this implant is

loaded in nearly pure compression and, like a dome of a building or arch of a

bridge, distributes the load evenly across the entire surface.

[00 2 Fourth, screw fixation through the implant may securely fix the

implant to the bone.

[00 3] Finally, surface relief in the implant and windows allow the

fusion mass to cross the joint.

[0 41 The foregoing disclosure of specific embodiments is intended to

be illustrative of the broad concepts comprehended by the invention.



CLAIMS

1. A implant for fixation of first and second bones at a first site,

the implant comprising:

a body having a central axis an a dept dimension between first and

second axially spaced ends,

the body having an outer surface at least nominally matched to a

tapered surface around a receptacle formed at the first site by rotating a

cutting element around a second axis,

the body outer surface and tapered surface configured so that as the

body is advanced along the central axis into an operative position within the

receptacle, the body outer surface and tapered surface cooperate to cause

the central and second axes to consistently substantially align,

a plurality of openings in the body each to accept a fastener,

the plurality of openings comprising: a a first opening through which

a first fastener can be directed along a first line through the operatively

positioned body and into one of the first and second bones; and b) a second

opening through which a second fastener can be directed along a second

fine through the operatively positioned body and into one of the first and

second bones.



2 . The implant according to claim 1 in combination with a reamer

for defining the bore at the first site, the reamer having a central axis and

configured to produce a truncated conical shape for at least a portion of the

tapered surface as an incident of the reamer turning around its central axis.

3 . The implant according to claim 1 wherein the first opening s

formed so that the first fastener can be advanced into one of the first and

second bones in a line substantially parallel to the central axis of the body.

4 . The implant according to claim 1 wherein one of the openings

is formed so that one of the fasteners can be advanced therethrough in one

of the first and second Sines that is non-parallel to the central axis of the

body.

5 . The implant according to claim 3 wherein the second opening is

formed so that the second fastener can be advanced into one of the first and

second bones along the second line that is at an angle to the centra! axis of

the body.

6. The implant according to claim 1 wherein the first a d second

lines are not parallel to each other.

7 . The implant according to claim 1 wherein the first and second

lines are non-parallel to the central axis of the body.



8 . The implant according t claim 1 wherein a least a portion of

the outer surface of the body has a truncated conical shape.

9. The implant according to claim 1 wherein the body has a

central cavity with a non-uniform diameter.

0 . The implant according to claim 8 wherein the first end of the

body is a leading end as the body is advanced into the operative position and

the central cavity is bounded by a ring-shaped inner surface portion through

which one of the openings is formed.

11. The implant according to claim 10 wherein the ring-shaped

inner surface portion extends over less than half of the depth dimension

between the first and second axial ends of the body and blends axial!y into a

second inner surface portion thai has a shape that is different than a shape

of the ring-shaped inner surface portion.

12. The implant according to claim 11 wherein the ring-shaped

inner surface portion s at an angle to the central axis of the body that is

greater than an angle at which the second inner surface s at relative to the

central axis of the body.

13. The implant according to claim 1 wherein the second inner

surface portion terminates at an axially facing wall.



14. The implant according to claim 13 wherein one of the openings

is formed in the axially facing wall.

15. The implant according to claim 1 wherein the body has a

peripheral wall defining the outer surface and there is at least one discrete

receptacle formed in the outer surface to create a volume for bone graft

material between the operatively positioned body and one of the bones.

16. The implant according to claim 1 wherein the body has a

central cavity bounded by a peripheral wall and there is at least one opening

through the peripheral wall to allow placement of a volume of bone graft

material that is contiguous through the at least one opening between one of

the first and second bones and the central cavity

17. The implant according to claim 16 wherein the at least one

opening comprises a plurality of openings that allow placement of a volume

of bone graft material that s contiguous through the plurality of openings and

central cavity between each of the first and second bones.

18. The implant according to claim 1 wherein the body has a

peripheral wall and the peripheral wail has a discrete truncation extending

only partially around the central axis at the first end.

1 . The implant according to claim 1 wherein the body comprises

one of: a) a thermoplastic material; and b a thermoplastic material that is

po!yether ether ketone (PEEK).



20. The implant according to claim 1 wherein the first and second

opensngs each has an entryway that is spaced along the central axis from

each of the first and second body ends.

2 . The implant according to claim 1 wherein the first end of the

body is a leading end defined by a leading surface and the second end of the

body is a trailing end defined by a traiiing surface and the trailing surface has

at least a portion thereof that is not perpendicular to the central axis of the

body.

22. The implant according to claim 1 in combination with the first

and second fasteners.

23. The implant according to claim 22 wherein at least one of the

fasteners comprises a polyaxial locking screw.

24. The implant according to claim 22 wherein at least one of the

fasteners has a head region that is threadably locked to the body.



25. An implant for fixation of first and second bones at a first site,

the implant comprising:

a body having a central axis and a depth dimension between first and

second axiaily spaced ends,

the body having an outer surface at least nominally matched to a

tapered surface around a receptacle formed at the first site by rotating a

cutting e ement around a second axis,

the body outer surface and tapered surface configured so that as the

body is advanced along the central axis into an operative position within the

receptacle, the body outer surface and tapered surface cooperate to cause

the central and second axes to consistently substantially align,

a plurality of openings in the body each to accept a fastener,

the plurality of openings comprising: a) a first opening through which

a first fastener can be directed along a firs line that is substantiaiiy parallel to

the central axis of the body and into one of the first and second bones; and

b) a second opening through which a second fastener can be directed along

a second line into one of the first and second bones.

28. The implant according to claim 2 wherein the second line is at

an angle to the first line.



27. The implant according to claim 25 wherein the body has a

central cavity bounded by a peripheral wall and there is at least one opening

through the peripheral wall to allow placement of a volume of bone graft

through the at least one opening between one of the first and second bones

and the central cavity.

28. The implant according to claim 25 wherein the body has a

peripheral wall defining the outer surface and there s at least one discrete

receptacle formed in the outer surface to create a localized volume for bone

graft material between the operatively positioned body and one of the bones.

29. A method of fixing first and second bones, the method

comprising the steps of;

providing the implant of claim ;

forming a receptacle bounded by a tapered surface at the first site

through parts of the first and second bones;

directing the first end of the body into the receptacle to operatively

position the body;

directing a first fastener through the first opening into one of the first

and second bones; and

directing a second fastener through the second opening into one of

the first and second bones.



30. The method of fixing first an second bones according to claim

29 wherein the step of forming a receptacle comprises forming a receptacle

using a reamer with a centra! axis by rotating the reamer around its central

axis,

3 . The method of fixing first and second bones according to claim

30 wherein the step of forming a receptacle comprises forming a receptacle

by removing bone material on each of the first and second bones.

32. The method of fixing first and second bones according to claim

30 wherein the step of forming a receptacle comprises forming a receptacle

with a reamer that produces a conical shape for the tapered surface

bounding the receptacle.

33. The method of fixing first and second bones according to claim

32 wherein the step of providing an implant comprises providing an implant

wherein the outer surface of the body has a conical shape at least nominally

matched to the conical shape for the tapered surface bounding the bore.

34. The method of fixing first and second bones according to claim

29 wherein the step of directing the first end of the body into the receptacle

comprises pressing the body into the operative position by exerting a force

on the bod along the central axis of the body and without turning the body

around the central axis of the body.



35. The method o fixing first and second bones according to claim

29 wherein the first and second bones are a patient's talus and calcaneous

bones.

36. The method of fixing first and second bones according to claim

35 wherein the step of forming a receptacle comprises forming a receptacle

at the patient's sinus tarsi.

37. The method of fixing first and second bones according to claim

29 wherein the step of providing a implant comprises providing an implant

wherein the body has at least one recess at the outer surface to thereby

create a volume between the body and one of the first and second bones

within the bore and further comprising the step of placing bone graft material

in the recess.

38. The method of fixing first and second bones according to claim

33 wherein the receptacle has a bottom and the step of directing the first end

of the body into the receptacle comprises causing the outer surface of the

body to wedge against the tapered surface of the receptacle with the first end

of the body spaced from the bottom of the receptacle.



39. The method of fixing first and second bones according to claim

38 further comprising the step of directing one of the fasteners through the

first end of the body and into one of the bones and repositioning the one

fastener to thereby forcibly draw the outer surface of the body and the

tapered surface of the bore against each other.

40. The method of fixing first and second bones according to claim

29 wherein the step of providing an implant comprises providing an implant

wherein the body has a central cavity bounded by a peripheral wall with an

opening through the peripheral wall and further comprising the step of

placing bone graft so that a contiguous volume of the bone graft extends

from the central cavity through the opening n the peripheral wall and to

against one of the bones

. The method of fixing first and second bones according to claim

29 wherein the ste of providing an implant comprises providing an implant

wherein the body has a ring-shaped surface through which the first and

second openings extend and the steps of directing the first and second

fasteners comprise directing the first and second fasteners through the ring-

shaped surface along the first and second lines that are non-parallel to the

central axis of the body.



42. The method of fixing first and second bones according to claim

4 1 wherein the step of providing an implant comprises providing an implant

wherein the body has a third opening and further comprising the step of

directing a third fastener along the centra! axis of the body through the third

opening and into one of the bones.
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