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FIG. 1 

(57) Abstract: Apparatus and methods for securing a bone implant are provided. The implant may be an expandable implant. The 
implant may be a non-expandable implant. The implant may be for repairing a bone fracture. The implant may be secured to a 
bone by anchors. The implant may include anchor receiving features. The anchor receiving features may be configured to direct an 
anchor into cortical bone. The anchor receiving features may be configured to receive an anchor driven through cortical bone. The 
implant may include bone engaging members configured to engage cancellous bone. An implant may include different profiles.  
The different profiles may be configured to secure the implant. The profiles may be configured to support the bone. The implant 
may have different flexing properties configured to position the implant in the bone. The implant may be positioned to receive an 
anchor driven through an outside of the bone.
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APPARATUS AND METHODS FOR SECURING A BONE IMPLANT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[01] This application is a nonprovisional of U.S. Provisional 

Applications Nos. 61/311,494, filed on March 8, 2010 and 

61/378,822 filed on August 31, 2010, both of which are hereby 

incorporated by reference in their entireties.  

FIELD OF TECHNOLOGY 

[02] Aspects of the disclosure relate to providing apparatus and 

methods for securing an implant deployed in a bone. In 

particular, the disclosure relates to apparatus and methods for 

repairing bone fractures utilizing a device that is inserted 

into a bone and secured to the bone.  

BACKGROUND 

[03] The human body includes long, short, flat, irregular and 

sesamoid bone. A long bone is characterized by a midshaft. The 

midshaft of a long bone is typically classified as the 

diaphysis. The end of such a bone is typically classified as
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the epiphysis. Bone that is transitional between the midshaft 

and the end is typically classified as the metaphysis.  

[04] Multi-seqment fractures, of either the midshaft or end

bone, require alignment and stability in a manner that generates 

adequate fixation in multiple directions.  

[05] However, midshaft fractures and end-bone fractures are 

fundamentally different. The loading conditions, fracture 

patterns, alignment needed, and compression force to promote 

healing are different. Midshaft fractures have ample bone 

material on either side of the fracture in which anchors may be 

driven. End-bone fractures, especially on the articular surface 

may have thin cortical bone, soft cancellous bone, and minimal 

anchoring locations.  

[06] Midshaft fractures tend to be loaded primarily in bending 

and torsion. End-bone fractures tend to be loaded in complex 

and multi-directional stress patterns. Midshaft repair 

approaches, therefore, may not be appropriate for repair of end

bone fractures.  

[07] There are two primary categories for surgical fixation of a 

long bone fracture: (1) a device that is within the skin 

(internal fixation); and (2) a device that extends out of the 

skin (external fixation) . There are two common types of 

internal fixation approaches for long bone surgery (a) a plate 

that is screwed to the outside of the bone; or (b) a rod that 

goes down the center of the bone.  

[08] Intramedullary rods, nails or implants, are more effective 

than plates and screws at minimizing soft-tissue trauma and 

complications. Moreover, appropriate sizing of an implant helps 

realignment and healing of the fracture. Proper sizing of an 

implant may ensure proper matching of the implant device to a 

patient's anatomy.
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[09] An implant deployed in an intramedullary cavity of a bone 

may be expandable. An expandable implant may provide proper 

anatomic alignment and allow appropriate sizing of the implant.  

However, bone fractures require alignment and stability in a 

manner that generates adequate fixation in multiple directions.  

[010] It would be desirable, therefore, to provide apparatus 

and methods for securing an implant deployed inside a bone.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[011] FIG. 1 shows perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[012] FIG. 2 shows illustrative anatomy in connection with 

which the invention may be practiced; 

[013] FIG. 3 shows another illustrative apparatus along with 

illustrative anatomy in accordance with principles of the 

invention; 

[014] FIG. 4 shows a cross sectional view taken along lines 

4-4 of the apparatus shown in FIG. 3; 

[015] FIG. 5 shows a partial sectional view of the apparatus 

shown in FIG. 3; 

[016] FIG. 6 shows a portion of the apparatus shown in FIG.  

5; 

[017] FIG. 7A shows a sectional view of an apparatus in 

accordance with the principles of the invention; 

[018] FIG. 7B shows a cross section of the apparatus shown 

in FIG. 5; 

[019] FIG. 7C shows a cross section of the apparatus shown 

in FIG. 5 in a state that is different from the state shown in 

FIG. 7B; 

[020] FIG. 8 shows a perspective view of the apparatus shown 

in FIG. 1 in a view different than the view shown in FIG. 1;
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[021] FIG. 9 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[022] FIG. 10 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[023] FIG. 11A shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[024] FIG. 11B shows a sectional view of the apparatus shown 

in FIG. 11 in a view different than the view shown in FIG. 11; 

[025] FIG. 12 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[026] FIG. 13 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[027] FIG. 14 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[028] FIG. 15 shows a cross section of the apparatus shown 

in FIG. 14; 

[029] FIG. 16 shows information that may be used to 

manufacture apparatus shown in FIG. 15; 

[030] FIG. 17 shows another perspective view of the 

apparatus shown in FIG. 3; 

[031] FIG. 18 shows a sectional view of the apparatus shown 

in FIG. 17; 

[032] FIG. 19 shows a cross section of the apparatus shown 

in FIG. 17; 

[033] FIG. 20 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[034] FIG. 21 shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention;
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[035] FIG. 22 shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention; 

[036] FIG. 23A shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention; 

[037] FIG. 23B shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[038] FIG. 24A shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention; 

[039] FIG. 24B shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[040] FIG. 25 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[041] FIG. 26 shows a front view of the apparatus shown in 

FIG. 25; 

[042] FIG. 27 shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention; 

[043] FIG. 29 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[044] FIG. 30 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[045] FIG. 31A shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[046] FIG. 31B shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention;
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[047] FIG. 31C shows information that may be used to 

manufacture apparatus in accordance with principles of the 

invention; 

[048] FIG. 32 shows a side view of an illustrative apparatus 

in accordance with principles of the invention; 

[049] FIG. 33 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[050] FIG. 34 shows an end view of the apparatus shown in 

FIG. 33; 

[051] FIG. 35 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[052] FIG. 36 shows an end view of the apparatus shown in 

FIG. 35; 

[053] FIG. 37 shows a perspective view of the apparatus 

shown in FIG. 35 along with illustrative anatomy; 

[054] FIG. 38 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[055] FIG. 39 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[056] FIG. 40 shows a perspective view of an illustrative 

apparatus in accordance with principles of the invention; 

[057] FIG. 41 shows a cross section of a portion of the 

apparatus shown in FIG. 40; 

[058] FIGS. 42(A)-(C) show a side view of illustrative 

apparatus in accordance with principles of the invention; 

[059] FIG. 43 shows a front view of an illustrative human 

Skeleton; 

[060] FIG. 44 shows a partial sectional view of a fractured 

bone;
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[061] FIG. 45 shows a perspective view of an illustrative 

apparatus for preparing illustrative anatomy for an apparatus in 

accordance with principles of the invention.  

DETAILED DESCRIPTION 

[062] Apparatus and methods for securing an implant for a 

bone are provided. An implant may be secured to a bone to 

repair a fracture in the bone. The implant may be an expandable 

implant. The implant may be a non-expandable implant. The 

implant may be any suitable implant. For example, the implant 

may be an implant such as an implant that is shown and described 

in U.S. Patent Application Publication No. 2009/0182336 Al, 

which is hereby incorporated by reference in its entirety.  

[063) The bone may be accessed and prepared using any 

suitable technique such as that shown and described in U.S.  

Patent Application No. 13/009,657, which is hereby incorporated 

by reference in its entirety.  

[064] Copending U.S. Patent Application No. 13/043,330, 

entitled "APPARATUS AND METHODS FOR BONE REPAIR," filed on March 

8, 2011 is hereby incorporated by reference herein in its 

entirety. Copending U.S. Provisional Application No. 61/450,112 

filed on March 7, 2011, is hereby incorporated by reference 

herein in its entirety.  

[065] The apparatus and methods may involve fixing an 

expandable implant deployed inside a fractured bone. The 

apparatus and methods may involve the expansion of devices in 

the interior region of the bone. The expansion may involve any 

suitable expansion mechanism or technique, such as one or more 

of the mechanisms and techniques that are shown and described in 

U.S. Patent Application Publication No. 2009/0182336 Al.



WO 2011/112615 PCT/US2011/027597 

-8

[066] The implant may have a first base and a second base.  

The implant may have a bone implant component that extends 

between the first base and the second base. The first base and 

the second base may define a longitudinal axis. The bone 

implant component may deflect relative to the longitudinal axis 

in correspondence with relative displacement of the first base 

and the second base along the axis.  

[067] The apparatus may include: a first body that is 

substantially coaxial with the axis and longitudinally fixed to 

the first base; a second body that is substantially coaxial with 

the axis and longitudinally fixed to the second base; and an 

elongated engaging member that is configured to longitudinally 

fix a distance between the first body and the second body.  

[068] The distance may have a maximum value that corresponds 

to a fully collapsed state of the implant. The distance may 

have a minimum value that corresponds to a fully expanded state 

of the implant. The elongated engaging member may be configured 

to longitudinally fix the distance at any value in the range 

from about the maximum value to about the minimum value.  

[069] The fully collapsed state may correspond to a state in 

which the implant is configured to pass through an access hole 

in the bone. The fully expanded state may correspond to a state 

in which the implant is expanded outside the bone at standard 

temperature and pressure. Standard temperature and pressure may 

be any standard temperature and any standard pressure, such as 

about 0 degrees Centigrade and about 1 atmosphere of pressure.  

[070] The distance may control the expansion of the implant 

by controlling the length of the implant. The distance may 

correspond to a therapeutic length of the bone implant. The 

distance may correspond to a therapeutic radius of the bone 

implant.
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[071] The elongated member may be of unified construction, 

and of all the structures that may be configured to operate in 

conjunction with the implant, the elongated engaging member 

alone may be configured to fix the distance.  

[072] The distance may correspond to an expansion state of 

the bone implant. In an expanded state, the implant may provide 

structural support for a bone. The implant may be locked in a 

state of expansion. The implant may be fixed in a state of 

expansion. The implant may be locked or fixed in a state of 

expansion such that residual outward radial pressure on an 

inside wall of the bone may be substantially reduced or 

eliminated.  

[073] In a contracted state, the implant may provide 

structural support for the bone. The implant may be locked in a 

state of contraction. The implant may be fixed in a state of 

contraction. The implant may be locked or fixed in a state of 

contraction such that residual outward radial pressure on an 

inside wall of the bone may be substantially reduced or 

eliminated.  

[074] The elongated engaging member may be configured to 

apply tension between the first body and the second body. The 

elongated member may be of unified construction and of all the 

structures that are configured to operate in conjunction with 

the implant, the elongated engaging member alone may be 

configured to apply the tension.  

[075] In some embodiments, when the elongated member fixes 

the distance, the elongated member may engage the first body 

internal to the first body and the second body internal to the 

second body.  

[076] The first body may include a first tapped cannula.  

The second body may include a second tapped cannula. The
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elongated member may include a thread that is configured to 

engage the first tapped cannula and the second tapped cannula.  

[077] The thread may be sufficiently fine to avoid 

substantially changing the distance when the thread, after 

engaging the first tapped cannula, engages the second tapped 

cannula.  

[078] The second body may have an outer diameter. The first 

body may include a cylindrical portion that has an inner 

diameter that is greater than the outer diameter of the second 

body. The cylindrical portion may be configured to receive a 

portion of the second body.  

[079] The apparatus may include a scaffolding extends 

between the first base and the second base. The scaffolding may 

include the bone implant component. The scaffolding may be 

configured to support a bone.  

[080] In some embodiments, when the first base moves toward 

the second base, the scaffolding may expand away from the 

longitudinal axis.  

[081] The implant may include an anchoring substrate. The 

anchoring substrate may be disposed between the longitudinal 

axis and the scaffolding.  

[082] In some embodiments, an anchoring substrate may extend 

between the first and second bases. The anchoring substrate may 

include the bone implant component and may be configured to 

support a bone.  

[083] In some embodiments, when the first base moves toward 

the second base, the anchoring substrate may expand away from 

the longitudinal axis.  

[084] The implant may include a scaffolding that is, 

relative to the longitudinal axis, at a greater radial distance 

than is the anchor substrate.



WO 2011/112615 PCT/US2011/027597 

-11

[085] A tab may extend from one or both of the first base 

and the scaffolding. A pocket may be present in one or both of 

the first base and the scaffolding. The tab may be biased such 

that it engages the pocket. The scaffolding may be 

substantially longitudinally and rotationally fixed to the first 

base by the engagement of the tab and the pocket.  

[086] In some embodiments, when the distance is fixed, the 

anchor substrate may be slidable along the longitudinal axis and 

angularly displaceable about the longitudinal axis.  

[087] The methods may include a method for controlling the 

expanded diameter of a bone implant inside a bone. The method 

may include controlling the length of the implant by fixing a 

distance between a first base and a second base using an 

elongated member that extends between the first base and the 

second base. The first and second bases may be substantially 

collinear. The method may include closing the elongated member 

inside the bone by closing an access hole through which the 

implant was delivered into the bone.  

[088] In some embodiments, the implant may have a fully 

collapsed state and a fully expanded state. The fully collapsed 

state may correspond to a state in which the implant is 

configured to pass through an access hole in the bone. The 

fully expanded state corresponding to a state in which the 

implant is expanded outside the bone at standard temperature and 

pressure. The method may include, when the implant has a fully 

collapsed state and a fully expanded state, fixing the distance 

at a value that is: not greater than a maximum value that 

corresponds to the fully collapsed state of the implant; and not 

less than a minimum value that corresponds to fully expanded 

state of the implant.
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[089] A method for treating a bone fracture is provided.  

The method may include positioning a first bone fragment at a 

reduced displacement relative to a second bone fragment such 

that the fracture is provisionally reduced. The method may 

include deploying an implant in an interior region of the bone, 

the implant having an expanded dimension that is greater than a 

corresponding dimension of the interior region. The method may 

include inserting into the implant a tension-storing element 

that prevents the implant from urging the first bone fragment 

away from the reduced displacement.  

[090] The positioning of a first bone fragment at a reduced 

displacement relative to a second bone fragment such that the 

fracture is provisionally reduced may include inserting a K-wire 

through the first bone fragment and the second bone fragment.  

[091] Inserting into the implant a tension-storing element 

that prevents the implant from urging the first bone fragment 

away from the reduced displacement may include fixing an axial 

distance between a first hub and a second hub. The first hub 

and the second hub may be configured to expand the implant when 

drawn together and collapse the implant when moved apart.  

[092] The method may include, after the deploying and before 

the inserting, adjusting the axial distance. Fixing the axial 

distance between a first hub and a second hub may include 

advancing the tension-storing element along the axial distance 

to engage a first body that is fixed to the first hub and a 

second body that is fixed to the second hub. The advancing the 

tension-storing element may include rotating the tension-storing 

element.  

[093] Apparatus for an expandable a bone implant is 

provided. The expandable implant may include a hub, a central 

axis member and a support member. The support member may
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include a first end and a second end. The first end and the 

second end may be spaced apart from each other along the central 

axis member. The support member may have a mid-section that is 

configured to deflect radially away from the central axis member 

when the implant expands.  

[094] The hub may include a support member terminal. The 

support member terminal may be configured to: fix the second end 

longitudinally relative to the central axis member during 

expansion of the implant; and fix the second end radially 

relative to the central axis member during the expansion.  

[095] In some embodiments, the support member terminal may 

include a clearance notch for the support member so that the 

second end may have an angular range of motion during the 

expansion.  

[096] The second end may include a tab. The support member 

terminal may include an enclosure. The enclosure may be 

configured to enclose the tab. The notch may be configured to 

traverse the enclosure.  

[097] The enclosure may include a first enclosure member.  

The enclosure may include a second enclosure member. The second 

enclosure member may be configured to be separated from the 

first enclosure member and admit the tab into the enclosure.  

[098] The first enclosure member may include a detent 

surface that limits the angular range of motion. The detent 

surface may include an end of the notch.  

[099] The second enclosure member may include a detent 

surface that limits the angular range of motion.  

[0100] The support member terminal may be configured to 

rotate about the central axis member.  

[0101] The support member terminal may be rotationally fixed 

relative to the central axis member.
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[0102] Apparatus and methods for stabilizing a bone implant 

are provided. The bone may have an access hole for delivery of 

the implant. The access hole may have a hole wall.  

[0103] The implant may include a stabilizer. The stabilizer 

may include an elongated member. The elongated member may be 

configured to extend along the hole, and between the implant, 

when the implant is deployed in the bone, and an anchor 

receiving feature. The anchor receiving feature may be 

configured to receive an anchor driven into the hole wall. The 

stabilizer may include one or more anchor receiving features.  

[0104] The elongated member may include an extension that 

extends beyond the anchor receiving feature and is configured to 

articulate with a buttress plate.  

[0105] The extension may include a first surface that is 

circumferential about the anchor receiving member. The buttress 

plate may include a second surface that is complementary to the 

first surface. Traction from an anchor received by the anchor 

receiving feature may be configured to brace the second surface 

against the first surface.  

[0106] The elongated member may be configured to resist 

rotation of the implant in the hole. The elongated member may 

be configured to resist axial movement of the implant along the 

hole. The elongated member may be configured to resist rotation 

of the implant in the hole and axial movement of the implant 

along the hole.  

[0107] The implant may include a locking mechanism for 

maintaining a shape of the implant. The locking mechanism may 

be configured to be locked by a screw inserted into the access 

hole. The screw may be adjustable after the anchor receiving 

feature has received the anchor.
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[0108] The stabilizer may include a buttress plate anchored 

to the bone. The buttress plate may be positioned substantially 

parallel to a longitudinal axis of the bone. The buttress plate 

may be configured to resist rotational movement of the elongated 

member about a central axis of the hole.  

[0109] The buttress plate may include a second anchor 

receiving feature configured to receive the anchor.  

[0110] The buttress plate may be configured to resist axial 

movement of the elongated member along the hole.  

[0111] The buttress plate may be configured to resist 

rotation of the elongated member in the hole and axial movement 

of the elongated member along the hole.  

[0112] The buttress plate may include a second anchor 

receiving feature configured to receive the anchor.  

[0113] The buttress plate may include a third anchor 

receiving feature configured to receive an anchor driven into an 

outer surface of a cortical wall of the bone.  

[0114] The stabilizer may include a first edge adjacent to 

the first anchor receiving feature and a second edge adjacent to 

the first anchor receiving feature. The buttress plate may 

include a second anchor receiving feature that is configured to 

receive the anchor. The first edge and the second edge may 

define a pivot axis. The anchor may be configured to secure the 

buttress plate in contact with the bone and in a position 

substantially parallel to an outer surface of the bone.  

[0115] In embodiments of the stabilizer that include a pivot 

axis, the buttress plate may be configured to resist rotation of 

the elongated member in the hole, axial movement of the 

elongated member along the hole and/or rotation and axial 

movement of the elongated member in the hole.
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[0116] In embodiments of the stabilizer that include a pivot 

axis, the buttress plate may transmit no substantial bending 

moment about the pivot axis to the elongated member.  

[0117] In embodiments of the stabilizer that include a pivot 

axis, the buttress plate may include a third anchor receiving 

feature configured to receive an anchor driven into an outer 

surface of a cortical wall of the bone.  

[0118] The stabilizer may include a buttress plate anchored 

to the bone and positioned substantially parallel to a 

longitudinal axis of the bone. The buttress plate may include a 

first indent and a second indent. The elongated member may 

include a ridge.  

[0119] The first indent and the second indent may be 

configured to engage the ridge and resist rotation of the 

elongated member in the hole. The first indent and the second 

indent may be configured to engage the ridge and resist axial 

movement of the elongated member along the hole. The first 

indent and the second indent may be configured to engage the 

ridge and resist rotation of elongated member about an axis 

perpendicular to a longitudinal axis of the implant.  

[0120] In some embodiments, the elongated member may be 

configured to be positioned within the access hole after the 

implant has been deployed inside the bone.  

[0121] The implant may be configured to be deployed through 

an access hole in a cortical wall of the bone. In some 

embodiments, the stabilizer may include an elongated member that 

is configured to extend between the implant, when the implant is 

deployed in the bone, and an anchor receiving feature that is 

configured to receive an anchor that is driven into an outer 

surface of the cortical wall. The elongated member may be
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configured to be deformed to position the anchor receiving 

feature along the outer surface of the cortical wall.  

[0122] The stabilizer may include a buttress plate configured 

to be positioned over the elongated member. The buttress plate 

positioned over the elongated member may resist rotation of the 

elongated member about a central axis of the hole. The buttress 

plate positioned over the elongated member may resist rotation 

of the elongated member about an axis transverse to the 

elongated member.  

[0123] In some embodiments that include an elongated member 

configured to be deformed, the elongated member may be 

configured to be attached to the implant after the implant is 

deployed in the bone.  

[0124] In some embodiments, the stabilizer may include a site 

for an anchor receiving feature that is configured to receive an 

anchor driven into an outer surface of the cortical wall. An 

elongated member may be configured to extend between the 

implant, when the implant is deployed in the bone, and the site.  

A buttress plate may be positioned over the elongated member and 

configured to resist rotation of the elongated member about a 

central axis of the access hole, and axial movement of the 

elongated member transverse to the elongated member.  

[0125] In some embodiments of a stabilizer including a site 

for an anchor receiving feature, the stabilizer may be attached 

to the implant after the implant is deployed in the bone.  

[0126] The stabilizer may include an elongated member that is 

configured to extend along the hole and between the implant, 

when the implant is deployed in the bone, and a buttress collar.  

The buttress collar may be supported at an opening of the access 

hole. The elongated member may terminate at the buttress
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collar. The buttress collar may be substantially parallel to an 

outside surface of the cortical wall.  

[0127] Some embodiments of the stabilizer having a buttress 

collar may include an anchor receiving feature configured to 

receive an anchor driven into the outside surface of the 

cortical wall.  

[0128] In some embodiments of the stabilizer, an angle 

between a central axis of the access hole and a central axis of 

the implant may be adjustable. The stabilizer may include a 

locking mechanism configured to lock the adjustable angle. The 

elongated member may include an articulating surface. The 

adjustable angle may be between 0 degrees and 5 degrees, between 

0 degrees and 10 degrees, between 0 degrees and 15 degrees, 

between 0 degrees and 20 degrees, between 0 degrees and 25 

degrees, between 0 degrees and 30 degrees, between 0 degrees and 

35 degrees, between 0 degrees and 45 degrees, between 0 degrees 

and 90 degrees, or within any other suitable angular range.  

[0129] System and methods for securing a bone implant in a 

bone, are provided. The system may include an expandable web 

having a front and a back. The web may be configured to be 

inserted in an interior of the bone. The web may include an 

expandable cell having an expanded diameter.  

[0130] The system may include an anchor that may be 

configured to secure a fragment of the bone to the expandable 

web when the expandable web is inside the bone. The anchor may 

have an elongated shaft for penetrating the cell from the front 

and an engagement feature that extends transversely away from 

the shaft and may be configured to engage the back of the cell 

to apply tension between the cell and the bone fragment. The 

shaft may have a shaft diameter that is sufficiently great, 

relative to the expanded diameter, to prevent disengagement of
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the engagement feature from the back of the cell when the 

tension is applied.  

[0131] The expanded diameter may be a diameter of the cell 

when the expandable web is in an expanded state before the 

engagement feature engages the back of the cell.  

[0132] The expanded diameter may be a diameter of the cell 

when the expandable web is in an expanded state, the engagement 

feature is engaging the back of the cell, and the cell is 

elastically deformed by the tension.  

[0133] The expanded diameter may be a diameter of the cell 

when the expandable web is in an expanded state, the engagement 

feature is engaging the back of the cell, and the cell is 

plastically deformed by the tension.  

[0134] The anchor may be a screw. The engagement feature may 

be a spiral thread. When the anchor is a screw and the 

engagement feature a spiral thread, one or more of the screw 

root diameter, the screw thread diameter and the thread pitch is 

selected based on a failure strain of the cell.  

[0135] When the anchor is a screw and the engagement feature 

is a spiral thread, one or more of the screw root diameter, the 

screw thread diameter and the thread pitch may be selected based 

on an elastic deformation limit of the cell.  

[0136] When the anchor is a screw and the engagement feature 

is a spiral thread, a screw metric may be selected based on a 

failure strength of the cell.  

[0137] The screw metric may be a screw major diameter. The 

screw metric may be a screw mean diameter. The screw metric may 

be a screw minor diameter. The screw metric may be a thread 

pitch. The screw metric may be a screw thread angle.  

[0138] Apparatus and methods for securing components of a 

bone implant are provided. The apparatus may include a bracket
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that may be configured to receive a bone anchor. The apparatus 

may include an extension member that may be configured to 

support the bracket relative to a bone implant that is deployed 

inside the bone. The apparatus may include a fastening assembly 

that is configured to fasten: the bracket to the extension; and 

the extension to the implant.  

[0139] The fastening assembly may include a first state in 

which the bracket is movable relative to the implant, and a 

second state in which the bracket is locked relative to the 

implant.  

[0140] In the first state, the bracket may be movable from a 

first distance from the implant to a second distance from the 

implant.  

[0141] In the first state, the bracket may be movable from a 

first angle relative to the implant to a second angle relative 

to the implant.  

[0142] In the first state, the bracket may be movable from: a 

first distance from the implant to a second distance from the 

implant; and a first angle relative to the implant to a second 

angle relative to the implant.  

[0143] The fastening assembly may include a fastener. The 

fastener may be configured to press the extension toward the 

implant and induce friction between the extension and the 

bracket.  

[0144] The apparatus may include an expansion bushing. The 

fastener may be configured to drive the expansion bushing toward 

the implant to press the extension toward the implant and expand 

the extension to interfere with movement of the bracket.  

[0145] The bracket may have a tubular section. The extension 

may have a tubular section that is within the bracket tubular 

section. The expansion bushing may include a portion that is
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within the extension tubular section. The fastener may include 

a screw. The screw may have a portion that is within the 

expansion bushing.  

[0146] Apparatus and methods for a bone implant are provided.  

The bone implant may include a central axis member. The bone 

implant may include a first expandable web that may be supported 

coaxially about the central axis member. The bone implant may 

include a second expandable web that may be supported coaxially 

about the central axis member and within the first expandable 

web.  

[0147] The central axis member may define a longitudinal 

axis. The first expandable web may have a first mesh cell 

density. The first mesh cell density may vary along the axis, 

so that the first expandable web, when expanded, has a first 

radius that is based on the first mesh cell density; and the 

second expandable web has a second mesh cell density. The 

second mesh cell density may vary along the axis, so that the 

second expandable web, when expanded, has a second radius that 

is based on the second mesh cell density.  

[0148] In some embodiments, along substantially the entire 

length of the second web, a ratio of the first radius to the 

second radius may be substantially constant.  

[0149] In some embodiments, along a length of the second web, 

a ratio of the first radius to the second radius may be 

substantially constant.  

[0150] The second radius may have a second radius maximum 

between a distal end of the second web and a proximal end of the 

second web. The second radius may decrease substantially 

linearly from the maximum toward the distal end. The second 

radius may decrease substantially linearly from the maximum 

toward the proximal end.
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[0151] In some embodiments, between the distal end of the 

second web and the proximal end of the second web a difference 

between the second radius and the first radius may define a 

radial offset. The radial offset may have an offset minimum 

that corresponds to the second radius maximum.  

[0152] The offset minimum may be sufficiently small that, 

when the first expandable web bears a radial load, the first 

expandable web deforms to transmit the load to the second 

expandable web at the second radius maximum.  

[0153] The first expandable web may include a first plurality 

of open cells. The second expandable web may include a second 

plurality of open cells. The first and second pluralities may 

be configured to engage an anchor and deliver tension to the 

anchor to retain a bone fragment that is engaged with the 

anchor.  

[0154] The second expandable web may be rotatably supported 

about the longitudinal axis such that the second expandable web 

can rotate in response to interference from the anchor during 

engagement of the second expandable web by the anchor.  

[0155] Apparatus and methods for a bone implant having 

different zones of flexibility are provided. The implant may 

include a structural component. The structural component may 

have an expanded state, a collapsed state, a longitudinal axis 

and a transverse axis to the longitudinal axis. The transverse 

axis may be perpendicular to the longitudinal axis. The 

structural component may include, along the longitudinal axis: a 

first zone; a second zone; and a third zone.  

[0156] The first zone may have a first resistance to bending 

about the transverse axis. The second zone and the third zone 

may have a second resistance to bending about the transverse
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axis. In the collapsed state, the first resistance to bending 

may be greater than the second resistance to bending.  

[0157] The second resistance to bending in the expanded state 

may be greater than the second resistance to bending in the 

collapsed state.  

[0158] The first zone may include a first cell and the third 

zone may include a second cell. The first cell may be 

circumferentially spaced, about the longitudinal axis, a first 

distance, from the second cell and longitudinally spaced, along 

the longitudinal axis, a second distance from the second cell.  

The second zone may include a link from the first cell to the 

second cell.  

[0159] An increase in the first distance may correspond to an 

increase in flexibility of the second zone about the transverse 

axis. An increase in the second distance corresponds to an 

increase in flexibility of the second zone about the transverse 

axis.  

[0160] The first zone may include a third cell. The third 

cell may be circumferentially spaced, about the longitudinal 

axis, a third distance, from the second cell and longitudinally 

spaced, along the longitudinal axis, a fourth distance from the 

second cell.  

[0161] The third zone may include a fourth cell. The fourth 

cell may be circumferentially spaced, about the longitudinal 

axis, the first distance from the third cell and longitudinally 

spaced, along the longitudinal axis the second distance from the 

third cell.  

[0162] The second zone may include, when the link is a first 

link, a second link from the third cell to the fourth cell. In 

the expanded state, the first link may stack upon the second
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link. The link may tortuously link the first cell and the 

second cell.  

[0163] The first zone may include a first cell and the third 

zone may include a second cell. The first cell may be 

circumferentially aligned, about the longitudinal axis, with the 

second cell and longitudinally spaced, along the longitudinal 

axis, a distance from the second cell. The second zone may 

include a link from the first cell to the second cell. The link 

may tortuously links the first cell to the second cell.  

[0164] The link may include a "V" shaped link, the link may 

have an apex, a first leg and a second leg. Under compression 

along the longitudinal axis, the first leg and the second leg 

may collapse about the apex.  

[0165] The implant may include a structural component. The 

implant may have an expanded state, a collapsed state and a 

longitudinal axis. The structural component may include a first 

structural member extending along the longitudinal axis. The 

structural component may include a second structural member 

extending along the longitudinal axis and spaced 

circumferentially about the longitudinal axis from the first 

member.  

[0166] The structural component may include a cross support 

that spans from the first member to the second member. The 

cross support may include a member having a joint. The member 

may be configured to be folded about the joint in the collapsed 

state and unfolded about the joint in the expanded state.  

[0167] In some embodiments, when the cross support is folded, 

an angle of the member may be substantially 0 degrees and when 

the cross support is unfolded, the angle of the member may be 

substantially 180 degrees.
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[0168] The unfolded cross support may limit an expansion of 

the implant from the longitudinal axis.  

[0169] The support component may define a plane. The implant 

may have a longitudinal axis that lies in the plane, a first 

transverse axis that lies in the plane and is perpendicular to 

the longitudinal axis and a second transverse axis that is 

perpendicular to the longitudinal axis and perpendicular to the 

plane.  

[0170] The support component may have a first resistance to 

bending about the longitudinal axis or about the first 

transverse axis. The support component may have a second 

resistance to bending about the second transverse axis. The 

first bending resistance may be greater than the second bending 

resistance.  

[0171] The support component may include a first member and a 

second member. The first member may have a third resistance to 

bending about the longitudinal axis or about the first 

transverse axis and a fourth resistance to bending about the 

second transverse axis. The second member may have a fifth 

resistance to bending about the longitudinal axis or about the 

first transverse axis and a sixth resistance to bending about 

the second transverse axis.  

[0172] The support component may include a first anchor 

receiving feature and a second anchor receiving feature. The 

first anchor receiving feature and the second anchor receiving 

feature may be configured to receive an anchor that lies in the 

plane.  

[0173] Apparatus and methods for a multi-fold single layer 

implant for a bone are provided.  

[0174] The implant may include a central axis member that 

defines a longitudinal axis. The implant may include an
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expandable web that may be supported coaxially about the central 

axis member.  

[0175] The expandable web may include a first mesh cell 

density that may vary longitudinally along a first segment of 

the expandable web. The expandable web may include a second 

mesh cell density that may vary longitudinally along a second 

segment of the expandable web. The expandable web may include a 

third mesh cell density that varies longitudinally along a third 

segment of the expandable web. The expandable web may include a 

fourth mesh cell density that varies longitudinally along a 

fourth segment of the expandable web. The expandable web may 

include a fifth mesh cell density that varies longitudinally 

along a fifth segment of the expandable web.  

[0176] When the expandable web is in an expanded state, the 

first segment may have a first profile, the second segment may 

have a second profile, the third segment may have a third 

profile, the fourth segment may have a fourth profile, and the 

fifth segment may have a fifth profile.  

[0177] In an unexpanded state, the first, second, third, 

fourth and fifth segments may be consecutively longitudinally 

ordered. In the expanded state, the first and fifth segments 

may be concave facing each other. The second and fourth 

segments may bridge, respectfully, from the first segment to the 

third segment and from the third segment to the fifth segment.  

[0178] In the expanded state, the third segment may be 

substantially cylindrical.  

[0179] In the expanded state, the third segment may be 

ellipsoidal. For example, when viewed transversely relative to 

the central axis, the third segment may have an outline that is 

ellipsoidal.
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[0180] In the expanded state, the first segment may have a 

first segment maximum radius, the third segment may have a third 

segment maximum radius, the fifth segment may have a fifth 

segment maximum radius, and both the first segment maximum 

radius and the fifth segment maximum radius may be greater than 

the third segment maximum radius.  

[0181] A ratio of one of the first segment maximum radius and 

the fifth segment maximum radius to the third segment maximum 

radius may be at least 1.1.  

[0182] Apparatus and methods for a hat shaped multi-fold 

single layer implant for a bone are provided.  

[0183] The implant may include a central axis member that 

defines a longitudinal axis. The implant may include an 

expandable web that may be supported coaxially about the central 

axis member.  

[0184] The expandable web may include a first mesh cell 

density that varies longitudinally along a first segment of the 

expandable web. The expandable web may include a second mesh 

cell density that varies longitudinally along a second segment 

of the expandable web. The expandable web may include a third 

mesh cell density that varies longitudinally along a third 

segment of the expandable web.  

[0185] When the expandable web is in an expanded state, the 

first segment may have a first profile, the second segment may 

have a second profile and the third segment may have a third 

profile.  

[0186] In an unexpanded state, the second segment may be 

longitudinally between the first segment and the third segment.  

In the expanded state, the first segment may be ellipsoidal, the 

third segment may be concave facing the first segment and the
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second segment may bridge from an outer radius of the third 

segment to an adjacent tip of the first segment.  

[0187] In the expanded state, the second segment may have a 

portion that is concave facing the first segment.  

[0188] In the expanded state, the second segment may have a 

portion that is convex facing the first segment.  

[0189] In the expanded state, the second segment may have a 

portion that is convex facing the first segment.  

[0190] In the expanded state the first segment may have a 

first segment maximum radius, the third segment may have a 

second segment maximum radius and the third segment maximum 

radius may be greater than the first segment maximum radius.  

[0191] A ratio of the third segment maximum radius to the 

first segment maximum radius may be at least 1.1.  

[0192] In the expanded state the first segment may have a 

first longitudinal diameter. In the expanded state, the second 

and third segments together may define a second longitudinal 

diameter. In the expanded state, the first longitudinal 

diameter may be greater than the second longitudinal diameter.  

[0193] A ratio of the first longitudinal diameter to the 

second longitudinal diameter may be at least 2.5.  

[0194] In the expanded state, the first segment may have a 

first segment maximum radius. In the expanded state, the third 

segment may have a second segment maximum radius. In the 

expanded state, the first segment maximum radius may be greater 

than the third segment maximum radius. A ratio of the first 

segment maximum radius to the third segment maximum radius may 

be at least 1.1.  

[0195] In the expanded state the first segment may have a 

first longitudinal diameter. In the expanded state, the second 

and third segments together may define a second longitudinal
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diameter. The second longitudinal diameter may be greater than 

the first longitudinal diameter. A ratio of the second 

longitudinal diameter to the first longitudinal diameter may be 

at least 2.5.  

[0196] Apparatus and methods for a non-round implant for a 

bone are provided.  

[0197] The implant may include a central axis member that may 

define a longitudinal axis. The implant may include an 

expandable web that may be supported coaxially about the central 

axis member.  

[0198] The expandable web may include a first mesh cell 

density that may vary longitudinally along a first segment of 

the expandable web. The expandable web may include a second 

mesh cell density that may vary longitudinally along a second 

segment of the expandable web. The expandable web may include a 

third mesh cell density may vary longitudinally along a third 

segment of the expandable web.  

[0199] When the expandable web is in an expanded state, the 

first segment may have a first profile, the second segment may 

have a second profile and the third segment may have a third 

profile.  

[0200] In an unexpanded state, the second segment may be 

longitudinally between the first segment and the third segment.  

In the expanded state, the first profile may be a substantially 

conical shape that opens toward the second segment. In the 

expanded state, the third segment may be substantially planar 

and substantially normal to the central axis member. In the 

expanded state, the second segment may bridge from an outer 

radius of the first segment to an outer radius of the third 

segment.
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[0201] In the expanded state, the second profile may be 

substantially conical and may have a first radius at a joint 

with the first profile and may have a second radius at a joint 

with the third profile. The second radius may be greater than 

the first radius. A ratio of the second radius to the first 

radius may be at least 1.1.  

[0202] Apparatus and methods for a bone engaging member for a 

an implant for a bone are provided.  

[0203] The implant, when deployed inside the bone, may 

define, at a distal end of the implant, an enclosed region. The 

bone engaging member may be configured to extend out of the 

region and into the bone.  

[0204] The implant may include a support structure that 

converges toward a distal end of the implant. The bone engaging 

member may be configured to diverge from the support structure 

and extend into the bone.  

[0205] The bone engaging member may not be fixed directly to 

the support structure. The bone engaging member may be fixed 

directly to the support structure.  

[0206] The bone engaging member may be configured to extend 

for a first length of the bone engaging member alongside a 

supporting member of the implant along and for a second length 

of the bone engaging member into the bone.  

[0207] The first length may extend substantially 

perpendicular to a surface of the support structure.  

[0208] The bone engaging member may be configured to extend 

substantially perpendicular to the surface of the support 

structure after an expansion of the implant.  

[0209] The bone engaging member may be configured to extend 

into a cancellous portion of the bone.
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[0210] The bone engaging member may be configured to resist 

translational motion of the implant relative to the bone.  

[0211] The bone engaging member may be configured to resist 

rotational motion of the implant relative to the bone.  

[0212] The bone engaging member may be one of several bone 

engaging members that diverge from the support structure and 

extend into the bone.  

[0213] The bone engaging member may include a distal tip.  

The distal tip may be configured to coordinate with an internal 

geometry of the bone.  

[0214] The bone engaging member may be configured to be fixed 

to the implant at a proximal end of the implant.  

[0215] The bone engaging member may be configured, when the 

implant is deployed through an access hole in the bone, to be 

inserted into the access hole after the implant is deployed in 

the bone.  

[0216] The bone engaging member may be configured, when the 

implant is deployed through an access hole in the bone, to be 

inserted into the access hole after the implant.  

[0217] One or more surfaces of the apparatus may be coated 

with agents that promote bone ingrowth. The agents may include 

calcium phosphate, heat treated hydroxylapatite, Basic 

fibroblast growth factor (bFGF)-coated hydroxyapatite, 

hydroxyapatite/tricalcium phosphate (HA/TCP), and other suitable 

agents, including one or more of those listed in Table 1.  

[0218] One or more surfaces of the apparatus may be coated 

with agents that inhibit or prohibit bone ingrowth. Such 

surfaces may include impermeable and other materials such as one 

or more of those listed in Table 1.  

[0219] One or more surfaces of the apparatus may be coated 

with agents that may elute therapeutic substances such as drugs.
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[0220] The apparatus and portions thereof may include any 

suitable materials. Table 1 lists illustrative materials that 

may be included in the apparatus and portions thereof.  

Table 1. Materials 

Category Type Material 

Metals 

Nickel titanium alloys 

Nitinol 

Stainless steel alloys 

304 

316L 

BioDur@ 108 Alloy 

Pyromet Alloy@. CTX-909 

Pyromet@ Alloy CTX-3 

Pyromet@ Alloy 31 

Pyromet@ Alloy CTX-l 

2lCr-6Ni-9Mn Stainless 

2lCr-6Ni-9Mn Stainless 

Pyromet Alloy 350 

18Cr-2Ni-12Mn Stainless 

Custom 630 (17Cr-4Ni) 
Stainless 

Custom 4650 Stainless
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Category Type Material 

Custom 455@ Stainless Custom 
450@T Stainless 

Carpenter 13-8 Stainless 

Type 440C Stainless 

Cobalt chromium alloys 

MP35N 

Elgiloy 

L605 

Biodur@ Carpenter CCM alloy 

Titanium and titanium 
alloys 

Ti-6Al-4V/ELI 

Ti-6Al-7Nb 

Ti -15Mo 

Tantalum 

Tungsten and tungsten 
alloys 

Pure Platinum 

Platinum- Iridium 
alloys 

Platinum -Nickel 
alloys 

Niobium
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Category Type Material 

Iridium 

Conichrome 

Gold and Gold alloys 

Absorbable 
metals 

Pure Iron 

magnesium alloys 

Polymers 

Polyetheretherketone (PEEK) 

polycarbonate 

polyolefin' s 

polyethylene's 

polyether block amides (PEBAX) 

nylon 6 

6-6 

12 

Polypropylene 

polyesters 

polyurethanes 

polytetrafluoroethylene (PTFE) 

Poly(phenylene sulfide) (PPS) 

poly(butylene terephthalate) 
PBT 

polysul fone 

polyamide 

polyimide 

poly(p-phenylene oxide) PPO 

acrylonitrile butadiene 
styrene (ABS)
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Category Type Material 

Polystyrene 

Poly(methyl methacrylate) 
(PMMA) 

Polyoxymethylene (POM) 

Ethylene vinyl acetate 

Styrene acrylonitrile resin 

Polybutylene 

Membrane 
materials 

Silicone 

Polyether block amides (PEBAX) 

Polyurethanes 

Silicone polyurethane 
copolymers 

Nylon 

Polyethylene terephthalate 
(PET) 

Goretex ePTFE 

Kevlar 

Spectra 

Dyneena 

Polyvinyl chrloride (PVC) 

Absorbable 
polymers 

Poly(glycolic acid) (PGA) 

Polylactide (PLA), 

Poly(t-caprolactone), 

Poly(dioxanone) 

Poly(lactide-co-glycolide) 

Radiopaque 
materials 

Barium sulfate 

Bismuth subcarbonate 

Biomaterials 

Collagen Bovine, porcine, ovine, amnion 
membrane 

Bone growth 
factors
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Categogy Type Mater i 

Demineralized bone matrix 

Bone morphogenic proteins (BMP) 

Calciumc phosphate 

Heat-treated hydroxylapapatite 

Basic fibroblast growth factor 

(bFGF) -coated hydroxylapapatite 

hyd rox ylapapa titce/ tricalcitm 

phosphate (HA/TCP) 

Anti

microbial 

Coat ings 

[0221] The apparatus may be provided as a kit that may 

include one or more of a structural support, an anchoring 

substrate, a centraL axis member, an anchor, a delivery 

instrument and associated items.  

[0221a] A definition of a specific embodiment of the 

invent ion claimed herein follows, 

[0221b] In a broad format, the invention provides an 

apparatus for a bone implant, the implant having a first base 

and a second base and a bone implant component extending 

therebetween, the first base and the second base defining a 

di-nal axis, the bone implant component deflecting 

relative to the longitudinal axis in correspondence with 

relative displacement of the first base and the second base 

along the axis, the apparatus comprising: 

a first body that is substantially coaxial with 

the axis and longitudinally fixed to the first base, the first 

body comprising an unthreaded portion and a threaded portion, 

wherein the unthreaded portion has an inner diameter that is 

greater than an inner diameter of the threaded portion; 

a second threaded body that is substantially 

coaxial with the axis and lonqitudinally fixed to the second 

base, the second threaded body comprising an outer diameter that
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is less than the inner diameter of the unthreaded portion of the 

first body; and 

an elongated engaging member that is configured 

to threadedly engage the threaded portion of the first body and 

threadedly engage the second threaded body and thereby 

longitudinally fix a distance spacing the second threaded body 

apart from the threaded portion of the first body, 

wherein the unthreaded portion of the first body is configured 

to overlap the second threaded body.  

[0221c] The term "comprise" and variants of the term such 

as "comprises" or "comprising" are used herein to denote the 

inclusion of a stated integer or stated integers but not to 

exclude any other integer or any other integers, unless in the 

context or usage an exclusive interpretation of the term is 

required.  

[0221d] Any reference to publications cited in this 

specification is not an admission that the disclosures 

constitute common general knowledge in Australia or elsewhere.  

[0222] Apparatus and methods in accordance with the 

invention will now be described in connection with the FIGS.  

The FIGS, show illustrative features of apparatus and methods in 

accordance with the principles of the invention. The features 

are illustrated in the context of selected embodiments. It will 

be understood that features shown in connection with one of the 

embodiments may be practiced in accordance with the principles 

of the invention along with features shown in connection with 

another of the embodiments.  

[0223] Apparatus and methods described herein are 

illustrative. Apparatus and methods of the invention may 

involve some or all of the features of the illustrative 

apparatus and/or some or all of the steps of the illustrative
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methods. The steps of the methods may be performed in an order 

other than the order shown and described herein. Some 

[Text continues on page 37]
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embodiments may omit steps shown and described in connection 

with the illustrative methods. Some embodiments may include 

steps that are not shown and described in connection with the 

illustrative methods.  

[0224] Illustrative embodiments will now be described with 

reference to the accompanying drawings, which form a part 

hereof.  

[0225] The apparatus and methods of the invention will be 

described in connection with embodiments and features of an 

illustrative bone implants and associated hardware and 

instrumentation. The implants and associated hardware and 

instruments will be described now with reference to the FIGS.  

It is to be understood that other embodiments may be utilized 

and structural, functional and procedural modifications may be 

made without departing from the scope and spirit of the present 

invention.  

[0226] FIG. 1 shows illustrative implant 100. Implant 100 

may be implanted in a bone (not shown). Implant 100 is 

elongated along its longitudinal axis LI (in which I indicates 

implant). Implant 100 may include an outer expandable web 106.  

Implant 100 may include an inner expandable web 108. Expandable 

web 106 may be expanded to a radial distance from LI.  

Expandable web 108 may be expanded to a radial distance from LI.  

[0227] Implant 100 may include stabilizer 101. Stabilizer 

101 may include buttress plate 102. Buttress plate 102 may be 

elongated along a longitudinal axis LBP (in which BP indicates 

buttress plate). Longitudinal axis LBP may form angle ) with 

longitudinal axis LI. In some embodiments, angle E may be 

adjustable.
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[0228] Stabilizer 101 may be secured to a bone with anchor 

114. Anchor 114 may secure buttress plate 102 to the bone.  

Buttress plate 102 may be secured to the bone with anchor 116.  

[0229] Implant 100 may include an expansion locking screw 112 

for locking expandable web 106 and/or expandable web 108 at a 

distance from LI. Stabilizer 101 may be secured to implant 100 

using any suitable approach, such as with tabs 118.  

[0230] Expandable web 106 may extend from proximal base 130 

to distal hub 110. ("Distal," relative to "proximal," generally 

means the leading end of an apparatus that is inserted, or is to 

be inserted, in the body.) Expandable web 108 may extend from a 

proximal base (not shown) to distal hub 120.  

[0231] Expandable web 106 may include an arrangement of cells 

122. Expandable web 108 may include an arrangement of cells 

124. An arrangement of cells 122 and/or cells 124 may be any 

suitable arrangement and may include an arrangement that 

provides different zones of flexibility.  

[0232] Cell 122 may be configured to expand. Cell 124 may be 

configured to expand. Cell 122 may be expanded by expansion of 

expandable web 106. Cell 124 may be expanded by expandable web 

108.  

[0233] Cell 122 may be configured to receive any suitable 

anchor, such as anchor 126. Cell 124 may be configured to 

receive any suitable anchor such as anchor 126. Anchor 126 may 

be configured to penetrate expandable web 106 and/or expandable 

web 108. Anchor 126 may penetrate expandable web 106 and/or 

expandable web 108 at two or more locations (not shown).  

[0234] Implant 100 may include component 128. Component 128 

may extend longitudinally along axis LI. Component 128 may 

extend between distal hub 110 and proximal hub 130.
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[0235] FIG. 2 illustrates anatomical features of a fractured 

bone B. An implant such as implant 100 may be deployed inside 

bone B to repair bone B.  

[0236] Bone B is illustrated as a radius that is fractured at 

fractures Fh and Fa. Bone B includes bone portions Pb, Ph and 

Pa in distal end D. Bone segment Pb is the largest portion of 

bone B. Bone segment Ph is a head portion of bone B. Bone 

segments Ph and Pa include articular surface AS. Bone portions 

Pb, Ph and Pa are separated or partially separated along 

fractures Fa and Fh. Fracture Fa transects articular surface 

AS. Fracture Fh transects head of bone B.  

[0237] Bone B, shown in a cross section that includes 

approximate longitudinal axis LB, includes cortical bone BCO and 

cancellous bone BCA. Cortical bone BCO may have a bone surface 

BS. Deployment of an implant into distal end D of bone B may 

require an access hole. Deployment of the implant may require 

displacement of cancellous bone BCA. Inside the bone B, the 

implant may engage cancellous bone BCA. Engagement with 

cancellous bone BCA may secure the implant to bone B.  

[0238] Bone B may be provided with access hole H in cortical 

bone BCO. Hole H may have a hole wall HW. Hole wall HW may be 

a site for securing a stabilizer such as stabilizer 302 (shown 

in FIG. 3) to bone B. Hole H may have central axis CH.  

Transverse axis TCH may be perpendicular to central axis CH.  

[0239] Bone B may be provided with access hole I in cortical 

bone BCO. An apparatus inserted in access hole I, may be 

required to travel a distance xI through intermedullary space IS 

to reach a head portion of bone B. An apparatus inserted 

through hole I may require bending to travel through 

intermedullary space IS to reach a head portion of bone B.
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[0240] Some of the implants shown and described herein may be 

deployed through hole H. Some of the implants shown and 

described herein may be deployed through hole I. An implant 

that is configured to be deployed through hole H may include 

features for securing the implant to bone tissue at or near hole 

H. An implant that is configured to be deployed through hole I 

may include features for enabling the implant to deform during 

the bending and expand for operational use. It will be 

understood that an implant may include securement features that 

are appropriate for the access hole through which the implant is 

to be deployed even though the implant is illustrated herein 

with a particular type of securement feature such as a 

stabilizer.  

[0241] FIG. 3 shows implant 301 deployed inside bone B. Bone 

B may have one or more features in common with bone B (shown in 

FIG. 1) . Implant 301 may have one or more features in common 

with implant 100 (shown in FIG. 1). Longitudinal axis LI of 

implant 100 may correspond to central axis CH of hole H.  

[0242] Stabilizer 302 may have one or more features in common 

with tail 103 (shown in FIG. 1) . Stabilizer 302 may secure 

implant 301 to bone B. Stabilizer 302 may include anchor 

receiving feature 304. Anchor receiving feature 304 may be 

configured to receive an anchor (not shown) driven into hole 

wall HW.  

[0243] FIG. 4 shows a view of a portion of implant 301 taken 

along lines 4-4 (shown in FIG. 3) . Expandable web 106 may 

extend from proximal base 130 to distal base 410. Distal base 

410 may include one or more of the features of distal hub 110.  

Distal base 410 may be longitudinally fixed to component 128.  

[0244] Proximal base 130 may be longitudinally fixed to 

tapped cannulated body 406 using any suitable approach, such as
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tabs 118 (shown in FIG. 1). Tabs 118 may be biased to engage a 

pocket (not shown) in cannulated body 406.  

[0245] Implant 301 may include proximal base 404. Expandable 

web 108 may extend from proximal base 404 to distal base 412.  

Distal base 412 may include one or more of the features of 

distal hub 120.  

[0246] Implant 301 may include tapped cannulated body 402.  

Tapped cannulated body 402 may be longitudinally fixed to distal 

base 410.  

[0247] Implant 301 may include locking screw 112. Locking 

screw 112 may be threaded. Locking screw 112 may threadedly 

engage tapped cannulated body 406 and/or tapped cannulated body 

402. Locking screw 112 may fix distance xCB between tapped 

cannulated body 406 and tapped cannulated body 402.  

[0248] Distance xCB fixed by locking screw 112 may correspond 

to an expansion radius RO of expandable web 106 from 

longitudinal axis LI. Distance xCB fixed by locking screw 112 

may correspond to a therapeutic radius RO of expandable web 106.  

A therapeutic ration RO may reduce tension of implant on bone B.  

[0249] Expandable web 108 may be slidable along axis LI 

and/or angularly displaceable about axis LI after distance xCB 

has been fixed.  

[0250] FIG. 5 shows distal hub 110. Expandable web 106 may 

be fixed to distal hub 110. Distal hub 110 may have one or more 

of the feature of first distal base 410. Distal hub 110 may be 

configured for expandable web 106 to be angularly displaced 

about axis LI. Distal hub 110 may be longitudinally fixed to 

component 128. Distal hub 110 may be rotationally fixed to 

component 128.  

[0251] Distal hub 110 may include end cap 501. End cap 501 

may include a decent configured to limit angular displacement of
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expandable web 106 about axis LI. Distal hub 110 may include 

cap 502. Distal hub 110 may include enclosure member 504.  

[0252] FIG. 6 shows another embodiment of distal hub 110.  

Enclosure member 504 may include enclosures 602 configured to 

enclose tabs 606. Notch 604 may allow expandable web 106 an 

angular range of motion about axis LI. Angular motion of 

expandable web 106 about axis LI may correspond to an expansion 

or collapsing of expandable web 106.  

[0253] Cap 502 may retain tab 602 in enclosure 504. Cap 502 

may be notched to allow angular motion of expandable web 106 

about axis LI. Cap 502 may include a notch (shown in FIG. 7A) 

for expandable web 106 to be collapsed about axis LI.  

[0254] FIG. 7A shows another embodiment of distal hub 110.  

Cap 502 may include notch 702 for angular movement of expandable 

web 106 about axis LI. Angular movement of expansion web 106 

about axis LI may be limited by an end 704 of notch 702. Cap 

502 may retain tabs 606 in enclosure 504. Enclosure 504 and cap 

502 may be configured for expandable web 106 to collapse about 

axis LI.  

[0255] FIG. 7B shows a cross section of distal hub 110 and 

distal hub 120. Distal hub 110 may be configured for expandable 

web 108 to expand to angle q. Distal hub 120 may be configured 

for expandable web 108 to expand to angle s. Angle c may be 

greater than angle q. Distal hub 110 and distal hub 120 may be 

fix translation of an expandable web along axis LI. Distal hub 

110 and distal hub 120 may allow rotation about axis LI. Distal 

hub 110 and distal hub 120 may allow expansion about axis LI.  

Distal hub 110 and distal hub 120 may be configured to provide 

different expansion radii (not shown) from axis LI.  

[0256] FIG. 7C shows a cross section of distal hub 110 and 

distal hub 120. Distal hub 110 and distal hub 120 may be
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configured for expandable web 106 and expandable web 108 to 

collapse upon each other. Distal hub 110 and distal hub 120 may 

be configured for expandable web 106 to be substantially 

parallel to expandable web 108 in a collapsed position.  

[0257] FIG. 8 shows illustrative stabilizer 101 for implant 

100. Stabilizer 101 may include elongated member 103.  

Elongated member 103 may include anchor receiving feature 802.  

Anchor receiving feature 802 may be configured to receive anchor 

114. Anchor 114 may be driven into hole wall HW (shown in FIG.  

2). Anchor 114 may resist axial motion of elongated member 103 

along longitudinal axis LI.  

[0258] Stabilizer 101 may include a pivot axis P. Buttress 

plate 102 may resist rotation of elongated member 103 in hole H 

(shown in FIG. 2). Buttress plate 102 may resist rotation of 

elongated member 103 about an axis perpendicular to P.  

Longitudinal axis LI of implant 100 may be perpendicular to P.  

Central axis CH (shown in FIG. 2) of hole H may be perpendicular 

to P.  

[0259] Buttress plate 102 may include anchor receiving 

feature 804. Anchor receiving feature 804 may be configured to 

receive an anchor driven into cortical bone BCO (shown in FIG.  

2). Longitudinal axis LBP of buttress plate 102 may be parallel 

to bone surface BS. Bone surface BS and/or longitudinal axis 

LBP may be perpendicular to P. Anchor receiving feature 804 may 

receive anchor 116 (shown in FIG. 1).  

[0260] FIG. 9 shows illustrative stabilizer 902. Stabilizer 

902 may include elongated member 916. Stabilizer 902 may 

include elongated member 906. Stabilizer 902 may include 

buttress plate 904. Elongated member 906 may include extension 

912. Buttress plate 904 may include extension 914.
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[0261] Extension 912 may be configured to articulate with 

extension 914. Traction from anchor 114 received by anchor 

receiving feature 908 may be configured to brace the extension 

912 against extension 914.  

[0262] Stabilizer 902 may include anchor receiving feature 

908. Anchor receiving feature 908 may be configured to receive 

and anchor driven into hole wall HW (shown in FIG. 2).  

Stabilizer 902 may include anchor receiving feature 910. Anchor 

receiving feature 910 may be configured to receive an anchor 

driven into an outer surface BS (shown in FIG. 2) of cortical 

bone BCO (shown in FIG. 2).  

[0263] Anchor 114 may be driven through anchor receiving 

feature 908 into hole wall HW. Elongated member 906 may include 

an anchor receiving feature (not shown) configured to receive 

anchor 114. Anchor 116 may be driven through anchor receiving 

feature 910 into outer surface BS of cortical bone BCO.  

Longitudinal axis LBP of buttress plate 804 may be positioned 

such that longitudinal axis LBP is substantially parallel to 

bone surface BS. Longitudinal axis LBP of buttress plate 804 

may be positioned such that longitudinal axis LBP is transverse 

to bone surface BS.  

[0264] Stabilizer 902 may be configured to resist axial 

movement of implant 900 along longitudinal axis LI. Stabilizer 

902 may be configured to resist angular rotation of implant 900 

about longitudinal axis LI. Stabilizer 902 may be configured to 

resist rotation of implant 900 in hole H.  

[0265] FIG. 10 shows illustrative stabilizer 1000.  

Stabilizer 1000 may include elongated member 1004. Stabilizer 

1000 may include buttress plate 1006. Buttress plate 1006 may 

include anchor receiving features 1008. Anchor receiving
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features 1008 may be configured to receive an anchor driven into 

a surface BS of cortical bone BCO.  

[0266] Elongated member 1004 may be deformable. Elongated 

member 1004 may be deformed such that end 1002 is substantially 

parallel to longitudinal axis LI and end 1010 is substantially 

parallel to longitudinal axis LBP of buttress plate 1006.  

Deformation of elongated member 1004 may correspond to angle 9.  

[0267] FIG. 11A shows illustrative implant 1100. Implant 

1100 may include stabilizer 1101. Stabilizer 1101 may include 

elongated member 1106. Elongated member 1106 may include one or 

more of the features of elongated member 1004. Stabilizer 1101 

may include buttress plate 1102.  

[0268] Buttress plate 1102 may be configured to be positioned 

over elongated member 1106. Buttress plate 1102 may be 

configured to resist rotation of elongated member 1106 about 

longitudinal axis LI. Implant 1100 may be inserted into hole H 

(shown in FIG. 2). Buttress plate 1102 may be configured to 

resist rotation of elongated member 1106 in hole H. Axis TEM is 

transverse to axis LBP. Buttress plate 1102 may be configured 

to resist transverse movement of elongated member 1106.  

[0269] Buttress plate 1102 may include anchor receiving 

feature 1108. Anchor receiving feature 1108 may be configured 

to receive an anchor driven into an outer surface BS of cortical 

bone BCO (shown in FIG. 2). Elongated member 1106 may include a 

corresponding site for receiving an anchor driven through anchor 

receiving feature 1108.  

[0270] Stabilizer 1101 may be configured for locking screw 

112 to be adjusted after stabilizer 1101 has been secured to 

bone B (shown in FIG. 2).  

[0271] FIG. 11B shows an illustrative view of stabilizer 1101 

configured to restrict movement of elongated member 1106.
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[0272] FIG. 12 shows illustrative stabilizer 1200.  

Stabilizer 1200 may include elongated member 1212. Elongated 

member 1212 may extend from an implant (not shown) to buttress 

collar 1202. Elongated member 1212 may extend along hole wall 

HW (shown in FIG. 2). Elongated member 1212 may include 

longitudinal axis LEM. Longitudinal axis LEM may be 

substantially parallel to central axis CH of hole H and/or a 

longitudinal axis of an implant (not shown) . Buttress collar 

1202 may be supported at an opening of access hole H (shown in 

FIG. 2). Buttress collar 1202 may include a longitudinal axis 

LBC substantially parallel to bone surface BS (shown in FIG. 2).  

[0273] Stabilizer 1200 may include an anchor receiving 

feature (not shown) configured to receive an anchor, such as 

anchor 1204, driven into bone surface BS. Stabilizer 1200 may 

include aperture 1211 for adjusting a locking screw (not shown).  

The locking screw may include one or more of the features of 

locking screw 112 (shown in FIG. 1).  

[0274] FIG. 13 shows illustrative stabilizer 1308 for implant 

1312. Stabilizer 1308 may include elongated member 1306.  

Stabilizer 1308 may include buttress collar 1304. Buttress 

collar 1304 may have longitudinal axis LBC. Longitudinal axis 

LBC may be substantially parallel to bone surface BS (shown in 

FIG. 2).  

[0275] Implant 1312 may have longitudinal axis LI. Angle 8 

between axis LI and LBC may be adjustable. Elongated member 

1306 may include articulating surface 1302. Articulating 

surface 1302 may be configured for stabilizer 1308 to engage 

implant 1312 at angle X between central axis CS of stabilizer 

1308 and longitudinal axis LI of implant 1312. Central axis CS 

may correspond to central axis CH of hole H (shown FIG. 2).
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[0276] Angle A may be fixed by a locking screw (not shown) 

inserted into aperture 1316. The locking screw may be 

configured to fix angle A and an expansion (not shown) of 

implant 1312 from longitudinal axis LI. The locking screw may 

include one or more of the features of locking screw 112 (shown 

in FIG. 1) 

[0277] Stabilizer 1308 may include an anchor receiving 

feature (not shown). The anchor receiving feature may be 

configured to receive anchor 1314. The anchor receiving feature 

may be configured to direct anchor 1314 into an outer surface BS 

of cortical bone BCO (shown in FIG. 2).  

[0278] FIG. 14 shows illustrative apparatus 1400 for implant 

1408. Apparatus 1400 may include bracket 1406. Bracket 1406 

may include anchor receiving feature 1404. Apparatus 1400 may 

include extension member 1410. Extension member 1410 may be 

configured to support bracket 1406 relative to implant 1408.  

[0279] Apparatus 1400 may include locking screw 1402. Lock 

screw 1402 may be configured to fix bracket 1406 relative to 

implant 1408. Bracket 1406 may be fixed at a distance xBI from 

implant 1408. Bracket 1406 may be fixed at an angle relative to 

implant 1408.  

[0280] FIG. 15 shows a cross section of apparatus 1400.  

Apparatus 1400 may include expansion bushing 1504. Expansion 

bushing 1504 may be untapped. Extension member 1410 may include 

tabs 1502.  

[0281] Locking screw 1402 may be configured to pass through 

expansion bushing 1504 and engage a tapped portion of implant 

1408. Screw 1402 may be configured to drive expansion bushing 

1504 toward implant 1408. Expansion bushing 1504 may be 

configured to press extension member 1410 toward implant 1408.  

Expansion bushing 1504 may be configured to expand tabs 1502.
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[0282] Expansion of tabs 1502 may induce friction between 

extension member 1410 and bracket 1404. Friction between 

extension member 1401 and bracket 1404 may interfere with 

movement of bracket 1404 relative to implant 1408. Friction 

between extension member 1410 and bracket 1404 may fix rotation 

of bracket 1404 about axis LI relative to implant 1408.  

Friction between extension member 1410 and bracket 1404 may fix 

distance xBI between bracket 1406 and implant 1408.  

[0283] FIG. 16 shows illustrative extension member 1410.  

Extension member 1401 may include tabs 1502. Extension member 

1410 may be rolled into a cylindrical shape. In a cylindrical 

configuration, edge 1604 may be contiguous with edge 1602.  

[0284] FIG. 17 shows illustrative implant 301. Implant 301 

may include expandable web 106 and expandable web 108.  

Expandable web 106 may be supported coaxially about implant 

component 128. Expandable web 108 may be supported coaxially 

about implant component 128. Expandable web 108 may be within 

expandable web 106.  

[0285] Expandable web 106 may include a plurality of cells 

122. Cells 122 may be configured to engage an anchor as shown 

in FIG. 40. The plurality of cells 122 may include any suitable 

density of cells 122. Expandable web 106 may include a density 

of cells 122 that varies along longitudinal axis LI of implant 

301.  

[0286] FIG. 18 shows illustrative inner structure 1800 of 

implant 301. Inner structure 1800 may include expandable web 

108. Expandable web 108 may include a plurality of cells 124.  

Cells 124 may be configured to engage an anchor as shown in FIG.  

40. The plurality of cells 124 may include any suitable density 

of cells 124. Expandable web 108 may include a density of cells
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124 that varies along longitudinal axis LI of implant 301.  

Expandable web 108 may be rotatably supported about axis LI.  

[0287] FIG. 19 shows a cross section of illustrative implant 

301. Expandable web 106 may include any suitable density of 

cells 122. Expandable web 106 may include a density of cells 

122 that varies along longitudinal axis LI such that expandable 

web has a radius RO.  

[0288] Expandable web 108 may include any suitable density of 

cells 124. Expandable web 108 may include a density of cells 

124 that varies along longitudinal axis LI such that expandable 

web has a radius RI. Radius RI may include a maximum value RI.  

A difference between RO and a maximum value RI may correspond to 

radial offset 1902. Radial offset 1902 may be configured to be 

sufficiently small such that when expandable web 106 bears a 

radial load (not shown), expandable web 106 may deform along 

radial offset 1902 to transmit the radial load to expandable web 

108 at maximum value RI.  

[0289] FIG. 20 shows an illustrative cut pattern 2000 for an 

expandable web. Cut pattern 2000 includes distal end 2018. Cut 

pattern 2000 includes proximal end 2020. Cut pattern 2000 

includes edge 2010. Cut pattern 2000 includes edge 2012.  

[0290] Edge 2010 may be configured to abut edge 2012 to form 

a cylindrical shape about longitudinal axis LCP. "Rolling" cut 

pattern 2000 about axis LCP may correspond to an expandable web 

in a collapsed configuration. To achieve a "rolled" 

configuration cut pattern 2000 may be cut in a cylindrical tube.  

[0291] Cut pattern 2000 may include zone 2002. Cut pattern 

2000 may include zone 2004. Cut pattern 2000 may include zone 

2006. Zone 2004 may include flexing members 2014. Zone 2002 

may include collapsed cell pattern 2016. Zone 2006 may include
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a collapsed cell pattern with a higher cell density than zone 

2002.  

[0292] In a "rolled" configuration about axis LCP, flexing 

members 2014 of zone 2004 may be configured to have a less of a 

resistance to bending about transverse axis TCP perpendicular to 

axis LCP than collapsed cells 2016 of zone 2002 

[0293] Increasing or decreasing a density of a collapsed cell 

pattern such as cell pattern 2016 may correspond to an increase 

or decrease of resistance to bending about axis TCP. Increasing 

or decreasing angle between flexing members such as flexing 

members 2014 and a collapsed cell pattern such as collapsed cell 

pattern 2016 may corresponds to an increase or decrease in 

bending resistance.  

[0294] Bending features of cut pattern 2000 may facilitate 

deployment of an implant based on cut pattern 2000 through a 

hole in a bone such as hole I.  

[0295] FIG. 21 shows illustrative expandable implant 2100.  

Implant 2100 may include one or more of the features of cut 

pattern 2000. Z2 may correspond to an expanded state of zone 

2002 of cut pattern 2000. Z1 may correspond to an expanded 

state of zone 2004 of state of cut pattern 2000. Z3 may 

correspond to an expanded state of zone 2006 of cut pattern 

2000.  

[0296] In an expanded state, flex members of Z1 may provide 

axial stiffness to implant 2100. Under axial compression along 

LI, flex members of Zl may stack upon each other and resist 

further compression along axis LI. In a compressed state, flex 

member of Zl may facilitate deployment of an implant through a 

hole such as hole I.  

[0297] FIG. 22 shows illustrative cut pattern 2200. Cut 

pattern 2200 may be "rolled" about longitudinal axis LCP to form
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an expandable web, such as expandable web 106 and/or 108 in a 

collapsed state. To achieve a "rolled" configuration cut 

pattern 2200 may be cut in a cylindrical tube.  

[0298] Cut pattern 2200 may include zone 2202. Cut pattern 

2200 may include zone 2204. Zone 2202 may include a different 

cell density than zone 2204. Cell density of a zone may be 

configured to improve engagement with an anchor.  

[0299] Zone 2204 may include flexing members 2206. Zone 2204 

may include cell pattern 2208.  

[0300] In a "rolled" configuration about axis LCP, flex 

member 2206 may have less of a resistance to bending about 

transverse axis TCP perpendicular to longitudinal axis LCP than 

cell pattern 2208. An increase or decrease in a length of legs 

of flex member 2218 may correspond to an increase or decrease in 

resistance to bending about axis TCP. An increase or a decrease 

in the angle between legs of flex member 2218 may correspond to 

an increase or decrease in resistance to bending about axis TCP.  

[0301] In an expanded state, flex members 2206 may provide 

axial stiffness to an implant. Under axial compression along 

LCP, the legs of flex member 2218 may collapse about the apex, 

and resist further compression along axis LCP. Flex members 

2206 may facilitate deployment of an implant through a hole such 

as hole I.  

[0302] FIG. 23A shows illustrative cut pattern 2300. Cut 

pattern 2300 may include collapsed cell pattern 2302. Cut 

pattern 2300 may include support component 2306. Cut pattern 

2300 may include support component 2304.  

[0303] Cut pattern 2300, may lay flat in plane P. Cut 

pattern 2300 may be configured to be "rolled" about longitudinal 

axis LCP such that edge 2308 and edge 2310 are adjacent. To 

achieve a "rolled" configuration cut pattern 2300 may be cut in
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a cylindrical tube. Longitudinal axis LCP may correspond to a 

longitudinal axis of an implant, such as longitudinal axis LI of 

implant 100.  

[0304] In a "rolled" configuration, cut pattern 2300 may be 

configured to expand and/or collapse about axis LCP. Width xSM 

of support component 2304 and width xSM of support component 

2306 may be configured to lie perpendicular to plane P. Width 

xSM of support component 2304 and width xSM of support component 

2306 may be configured to lie parallel to plane P.  

[0305] Support component 2304 and support component 2306 may 

have a resistance to bending about transverse axis Tl. Support 

component 2304 and support component 2306 may have a resistance 

to bending about transverse axis T2.  

[0306] Transverse axis T2 may lie in plane P and may be 

perpendicular to axis LCP. Transverse axis Tl may be 

perpendicular to plane P and perpendicular to axis LCP. A 

bending resistance of support component 2304 about axis T2 may 

be different than a bending resistance of support component 2306 

about axis Tl.  

[0307] When width xSM is configured to lie in and/or parallel 

to plane P, support component 2303 and support component 2306 

may have a greater resistance to bending about axis T1 than a 

resistance to bending about axis T2. When width xSM is 

configured to be perpendicular to plane P, a bending resistance 

of support component 2304 and support component 2306 about axis 

T2 may be configured to be greater than the bending resistance 

about axis Tl.  

[0308] Width xSM may be configured to lie in and/or parallel 

to plane P when an implant, based on cut pattern 2300, is 

inserted in bone B through hole H (shown in FIG.2). Width xSM 

may be configured to be perpendicular to plane P when an
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implant, based on cut pattern 2300, is expanded inside 

intermedullary space IS (shown in FIG.2).  

[0309] Support member 2304 may be configured to be rotatable 

with respect to plane independently of support member 2306.  

Support member 2306 may be configured to be rotatable with 

respect to plane independently of support member 2304. In one 

configuration, support member 2304 may lie in and/or parallel to 

plane P, and support member 2306 may be perpendicular to plane 

P.  

[0310] FIG. 23B shows illustrative expandable implant 2322.  

Illustrative implant 2322 may include using cut pattern 2300 or 

any suitable cut pattern. Implant 2322 may include longitudinal 

axis LI. Implant 2322 may include inner expandable web 2316.  

Implant 2322 may include outer expandable web 2320. Implant 

2322 may include support member 2314. Support member 2314 may 

define a plane, the plane including LI and transverse axis T2 

perpendicular to LI.  

[0311] Axis T2 is perpendicular to LI and perpendicular to 

the plane defined by Tl and LO. Support member 2314 may be more 

flexible about axis Tl than about axis T2.  

[0312] Support member 2314 may include anchor receiving 

feature 2324. Anchor receiving feature may be configured to 

receive anchor 2318. Support member 2314 may include anchor 

receiving feature 2326. Anchor receiving feature 2326 may be 

configured to receive anchor 2314. Anchors 2314 and 2316 may be 

driven in a direction substantially parallel to the plane 

defined by LI and T2.  

[0313] Implant 2322 may be orientated such that in a 

collapsed configuration a bending resistance about axis Tl is 

greater than a bending resistance about axis T2. Implant 2322 

may be oriented such that in an expanded configuration, a
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resistance to bending about T2 is greater than a resistance to 

bending about axis Ti.  

[0314] For example, a multilayered implant such as implant 

2322 may be orientated in one configuration in a collapsed 

configuration. The layers of implant 2322 may be rotated 

relative to each other when the layers are expanded or implanted 

in the bone. Relative rotation of the layers of implant 2322 

may provide flexible in a plane while collapsed but rigid in the 

plane in the implanted and/or expanded state. Relative rotation 

of layers of an implant may facilitate insertion of the implant 

into a bone and/or implantation of the implant in a bone through 

a radiused path. Relative rotation of layers of an implant may 

facilitate insertion of the implant into a bone and/or 

implantation of the implant in a bone through a hole such as 

hole I.  

[0315] FIG. 24A shows illustrative cut pattern 2400. Cut 

pattern 2400 may include structural member 2410. Cut pattern 

2400 may include cross support 2402. Cut pattern 2400 may 

include cross support 2404. Cross support 2404 may include 

joint 2408. Cross support 2402 may include joint 2406.  

[0316] Cut pattern 2400 may be configured to be expandable 

along axis ECP. Cut pattern 2400 may be collapsed along axis 

ECP. Cut pattern 2400 may be "rolled" about axis LCP. In a 

"rolled configuration" cut pattern 2400 may be expanded and/or 

collapsed about axis LCP. To achieve a "rolled" configuration 

cut pattern 2400 may be cut in a cylindrical tube.  

[0317] Cross support 2402 may be configured to unfold about 

joint 2406 when cut pattern 2400 is expanded. Cross support 

2404 may be configured to unfold about joint 2408 when cut 

pattern 2400 is expanded. Cross support 2402 may be configured 

to fold about joint 2406 when cut pattern 2400 is collapsed.
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Cross support 2404 may be configured to fold about joint 2408 

when cut pattern 2400 is collapsed.  

[0318] Fig. 24B shows illustrative implant 2412. Implant 

2412 may include structural member 2418. Implant 2412 may 

include structural member 2420. Implant 2412 may include cross 

support 2414. Implant 2412 may include cross support 2416.  

FIG. 24B shown cross supports 2414 and 2416 in between a folded 

and unfolded state.  

[0319] Cross supports 2414 and 2416 may be folded to 

facilitate insertion of implant 2412 into a bone and/or 

implantation of the implant in a bone through a hole such as 

hole I. Cross supports 2414 and 2416 may be unfolded to 

increase axial stiffness of implant 2412.  

[0320] FIG. 25 shows illustrative expandable implant 

component 2500. Implant component 2500 may include cross 

support 2402. Implant component 2500 may include cross support 

2404. Implant component 2500 structural member 2410. FIG. 25 

shows cross support 2402 in a configuration unfolded about joint 

2406. FIG. 25 shows cross support 2404 in a configuration 

unfolded about joint 2408. In an unfolded configuration, cross 

support 2402 and/or 2404 may be configured to provide radial 

support for implant component 2500 about longitudinal axis LIC.  

[0321] Cross supports 2402 and/or 2404 may be configured to 

limit a radial expansion of component 2500. Limiting an 

expansion of component 2500 may limit the buckling of structural 

support 2410 thereby increasing axial stiffness of the component 

2500. In a collapsed state, folded cross supports 2402 and/or 

2404 may facilitate insertion of the implant into a bone through 

a hole such as hole I.  

[0322] FIG. 26 shows a view of implant component 2500 along 

lines 5-5. FIG. 25 shows implant component 2500 in an expanded
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state about axis LIC. Cross support 2402 may be configured to 

limit a radial expansion Rl of implant component 2500 from axis 

LEW. Structural component 2404 may be configured to limit a 

radial expansion R2 of implant component 2500 from axis LIC.  

Limiting an expansion of component 2500 may limit a "buckling" 

of structural support 2410 thereby increasing axial stiffness of 

the component 2500.  

[0323] FIG. 27 shows illustrative cut pattern 2700. Cut 

pattern may be "rolled" about a longitudinal axis (not shown) 

such that edge 2712 is configured to be adjacent to edge 2714.  

In a "rolled" configuration, cut pattern 1700 may be expandable 

from the longitudinal axis.  

[0324] Cut pattern 2700 may include cell density 2702 that 

varies longitudinally when segment 2701 is expanded about a 

longitudinal axis of an implant. Cut pattern 2700 may include 

cell density 2704 that varies longitudinally when segment 2704 

is expanded about a longitudinal axis. Cut pattern 2700 may 

include cell density 2706 that varies longitudinally when 

segment 2703 is expanded about a longitudinal axis of an 

implant. Cut pattern 2700 may include cell density 2708 that 

varies longitudinally when segment 2704 is expanded about a 

longitudinal axis of an implant. Cut pattern 2700 may include 

cell density 2710 that varies longitudinally when segment 2705 

is expanded about a longitudinal axis of an implant.  

[0325] To achieve a "rolled" configuration cut pattern 2700 

may be cut in a cylindrical tube.  

[0326] FIG. 29 shows illustrative expandable implant 2900.  

Implant 2900 may be configured to expand into an "umbrella" 

shape. Illustrative implant 2900 may include proximal end 2902 

and distal end 2904. Distal end 2904 may have an expansion 

radius that is larger than an expansion radius of proximal end
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2902. Expandable implant 2900 may be based on a single 

expandable web.  

[0327] A larger expansion radius may support fractured 

segments of bone B. A larger expansion radius may support non

fractured segments of bone B. Implant 2900 may fill, partially 

or completely intramedullary space IS inside bone B. Implant 

2900 may be used if bone B does not contain sufficient 

cancellous bone BCA at the distal end of intramedullary space 

Is.  

[0328] Implant 2900 may provide multiple points of contact 

for implant anchors, such as anchor 126, (shown in FIG. 1) on a 

single expandable web.  

[0329] FIG. 30 shows illustrative expandable implant 3000.  

Implant 3000 may be configured to expand into a "top hat" shape.  

Illustrative implant 3000 may include proximal member 3002 and 

distal member 3004. Distal member 3004 may have an expansion 

radius that is larger than an expansion radius of proximal 

member 3002. Implant 30 may include one or more of the features 

of implant 29.  

[0330] Implant 3000 may include one expandable web having 

different cell densities when expanded from a longitudinal axis 

LI. Implant 3000 may include a first segment 3008 that is 

configured to expand into a profile that is ellipsoidal.  

[0331] Implant 3000 may include a third segment 3006 that is 

configured to expand into a profile that is concave facing the 

first segment. Implant 3000 may include a second segment 3010 

that is configured to expand into a profile that bridges from an 

outer radius of the third segment to an adjacent tip of the 

first segment.  

[0332] Implant 3000 may include two or more expandable webs 

configured to form the "top hat" shape. The two or more
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expandable webs may be fixed to implant 3000 using distal hubs 

110 and/or 120 (shown in FIG. 1).  

[0333] FIG. 31A shows illustrative implant 3130. Implant 

3130 may include longitudinal axis LI, distal hub 110 and 

proximal hub 110. Implant 3130 may be configured to expand into 

a spherical profile or "lollipop" shape. An anchor, such as 

anchor 126 (shown in FIG. 1) may easily engage implant 3130 

without being deflected away.  

[0334] FIG. 31B shows illustrative cut pattern 3138. Cut 

pattern 3130 may be configured to expand into a "'lollipop" shape 

(shown in FIG. 31A).  

[0335] FIG. 31C shows illustrative cut pattern 3100. Cut 

pattern 3100 may be "rolled" about a longitudinal axis (not 

shown) such that edge 3118 is configured to be adjacent to edge 

3116. In a "rolled" configuration, cut pattern 3100 may be 

expandable from the longitudinal axis. To achieve a "rolled" 

configuration cut pattern 3100 may be cut in a cylindrical tube.  

[0336] Cut pattern 3100 may include longitudinal cell density 

3102. Cut pattern 3100 may include longitudinal cell density 

3104. Cut pattern 3100 may include longitudinal cell density 

3106.  

[0337] Cell density 3102 may be configured to expand into a 

first profile and a second profile. Cell density 3104 may be 

configured to expand into a first profile, a second profile and 

a third profile. Cell density 3106 may be configured to expand 

into a first profile. A first profile may include a 

substantially conical shape. A third profile may be 

substantially planar and substantially normal to the 

longitudinal axis (not shown). A second profile may be 

configured to bridge between the first profile and the third 

profile.
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[0338] Cut pattern 3100 may be configured to be expandable 

about the longitudinal axis (not shown) into profiles that may 

include rectangle, rhombic, triangular, oval, round, and/or non

symmetric shapes. Cut pattern 3100 may be expandable about the 

longitudinal axis (not shown)into profiles that have a cross 

section that may include rectangle, rhombic, triangular, oval, 

round, and/or non-symmetric cross shapes.  

[0339] FIG. 32 shows illustrative implant 3200. Implant 3200 

may include longitudinal axis LI. Implant 3200 may include 

expandable web 3210 expandable about axis LI. Implant 3200 may 

include expandable web 3208 expandable about axis LI.  

Expandable web 3210 may be external to expandable web 3208.  

[0340] Expandable web 3210 may be configured to expand into 

profile 3202 about axis LI. Profile 3202 may be substantially 

conical. Expandable web 3210 may be configured to expand into 

profile 3206 about axis LI. Profile 3206 may be substantially 

planar and substantially normal to longitudinal axis LI.  

Profile 3204 may be configured to expand about axis LI and 

bridge between profile 3202 and profile 3206.  

[0341] FIG. 33 shows illustrative implant 3300. Implant 3300 

may include supporting member 3302. Supporting member 3302 may 

extend from proximal end 3306 of implant 3300 to distal end 3308 

of implant 3300. Implant 3300 may include bone engaging member 

3304. Bone engaging member 3304 may extend from proximal end 

3306 of implant 3300 alongside support member 3302 for length 

3312. Bone engaging member 3304 may diverge from support member 

3302 for length 3314. Bone engaging member 3304 may diverge 

from support member 3302 at angle T.  

[0342] Tip 3310 may be configured to engage cancellous bone 

BCA of bone B (shown in FIG. 2) . Bone engaging member 3304 may 

be configured to resist translational movement between implant
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3300 and bone B. Bone engaging member 3304 may be configured to 

resist rotational movement between implant 3300 and bone B.  

[0343] FIG. 34 shows a view of implant 3300 from proximal end 

3306. Bone engaging member 3304 may be configured to extend 

alongside support member 3302 in a direction substantially 

perpendicular to a surface 3402 of support member 3302. Bone 

engaging member 3304 may be configured to provide axial support 

to implant 3300 along a longitudinal axis (not shown) of implant 

3300. Bone engaging member 3304 may be configured to provide 

radial support to implant 3300 about a longitudinal axis (not 

shown) of implant 3300.  

[0344] Angle a formed between bone engaging member 3304 and 

support member 3302 may be substantially 90 degrees. Bone 

engaging member 3304 and support member 3302 may form a "L", "U" 

or any other suitable shape.  

[0345] FIG. 35 shows illustrative implant 3500. Implant 3500 

may include web 3504. Implant 3500 may include support 

structure 3502. Implant 3500 may include bone engaging member 

3506. Bone engaging member 3506 may pass through web 3504. Bone 

engaging member 3506 may pass through web 3504 at angle p 

between web 3504 and bone engaging member 3506.  

[0346] Bone engaging member 3506 may pass through support 

structure 3502. Bone engaging member 3506 may pass through 

support structure 3502 at angle B between support structure 3502 

and bone engaging member 3506.  

[0347] Bone engaging member 3502 may be independent of 

implant 3500. Bone engaging member 3506 may be configured to be 

inserted into access hole H (showing in FIG. 1) after implant 

3500.  

[0348] Tip 3508 may engage cancellous bone BCA of bone B 

(shown in FIG. 2) . Bone engaging member 3506 may be configured
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to resist translational movement between implant 3500 and bone 

B. Bone engaging member 3506 may be configured to resist 

rotational movement between implant 3500 and bone B.  

[0349] FIG. 36 shows a distal view of illustrative implant 

3500. One or more bone engaging member 3505 may be configured 

to engage cancellous bone BCA. One or more bone engaging 

members 3506 may 

[0350] FIG. 37 shows illustrative expandable implant 3700 

inside bone B (shown in FIG. 2). Bone B is shown with fractures 

Fh and Fa. Implant 3700 may be configured to repair factures Fh 

and Fa. Anchors 3702 and 3704 may be configured to fix bone 

portions Pa and Ph to implant 3700.  

[0351] Bone engaging member 3506 may be configured to resist 

translational motion between implant 3700 and bone B. Bone 

engaging member 3506 may be configured to resist rotational 

motion between implant 3700 and bone B. Bone engaging member 

3606 may engage cancellous bone BCA. Bone engaging member 3506 

may engage cortical bone BCO.  

[0352] FIG. 38 shows illustrative implant 3800. Implant 3800 

may include expandable web 3804. Implant 3800 may include 

scissor type locking mechanism 3802. Locking mechanism 3802 may 

be located at a distal end of implant 3800. Locking mechanism 

3802 may be configured to expand. Locking mechanism 3802 may be 

configured to collapse. Locking mechanism 3802 may be 

configured to expand and/or collapse by rotating about pivot 

axis PD.  

[0353] Scissor type locking mechanism 3802 may be configured 

to engage bone B. Scissor type locking mechanism 3802 may be 

configured to fix implant 3800 to bone B. Locking mechanism 

3802 may be configured to resist rotational motion between 

implant 3800 and bone B. Locking mechanism 3802 may be
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configured to resist translational motion between implant 3800 

and bone B.  

[0354] Implant 3800 may include scissor type locking 

mechanism 3806. Locking mechanism 3806 may be located at a 

proximal end of implant 3800. Locking mechanism 3806 may 

include pivot axis PP. Locking mechanism may expand and/or 

collapse about axis PP. Locking mechanism 3806 may include one 

or more of the features of locking mechanism 3802.  

[0355] FIG. 39 shows illustrative implant 3900. Implant 3900 

may include expandable web 3804. Implant 3900 may include 

scissor type locking mechanism 3806. Implant 3900 may include 

scissor type locking mechanism 3902.  

[0356] Scissor type locking mechanism 3902 may be configured 

to fix implant 3900 to bone B (shown in FIG. 2). Locking 

mechanism 3902 may be configured to pivot about pivot axis PD.  

Expansion of locking mechanism 3902 against bone B may fix 

implant 3900 relative to bone B. Locking mechanism 3902 may be 

configured to resist rotational motion between implant 3900 and 

bone B. Locking mechanism 3902 may be configured to resist 

translational motion between implant 3900 and bone B.  

[0357] FIG.40 shows illustrative web 4000. Web 4000 may be 

representative of webs that may be used in connection with 

implants shown and described herein. For example, a web such as 

web 4000 may be included in implant 100 (shown in FIG. 1), 

implant 300 (shown in FIG. 3), implant 1312 (shown in FIG. 13), 

implant 2100 (shown in FIG. 21), implant 2320 (shown in FIG.  

23b), implant 2900 (shown in FIG. 29), implant 3000 (shown in 

FIG. 30), implant 3130 (shown in FIG. 31a), implant 3200 (shown 

in FIG. 32), implant 3500 (shown in FIG. 25), implant 3804 

(shown in FIG. 38) and any other suitable implants.
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[0358] Web 4000 may include one or more cells such as cell 

4002. Web 4000 may include a front 4010 and a back 4012. Cell 

4002 is configured to receive anchor 4004. Anchor 4004 may have 

one or more features in common with anchors such as anchor 114, 

116, and 126 (shown in FIG. 1), 1204 (shown in FIG. 12), 1314 

(shown in FIG. 13) and any other suitable anchors. Anchor 4004 

may be configured to secure a fragment of bone B to web 4000.  

[0359] Cell 4002 may have an opening that is large enough to 

allow passage of anchor root 4006 through cell 4002 without 

deformation of cell 4002 when anchor 4004 is oriented normal to 

cell 4002. Such a cell may be referred to as an "open cell." 

If anchor 4004 were to penetrate cell 4002 at an oblique angle, 

such that less than the full opening of cell 4002 were present 

in a plane normal to anchor 4004, cell 4002 may deform to 

accommodate root 4006.  

[0360] Cell 4002 may be open by virtue of expansion from a 

closed state. Cell 4002 may be fabricated in an open state.  

Cell 4002 may be implanted in bone B (shown in FIG. 2) in an 

open state. Cell 4002 may be implanted in bone B (shown in FIG.  

2) in a closed state. Cell 4002 may be expanded after 

deployment in bone B.  

[0361] Anchor 4004 may include engagement feature 4008.  

Engagement feature 4008 may be configured to engage the back 

4012 of cell 4002 and apply tension between cell 4002 and a bone 

fragment of bone B. Anchor 4004 may be configured to prevent 

disengagement of engagement feature 4004 from back 4012 of cell 

4002 when tension is applied. Cell 4002 may be configured to eb 

elastically deformed when tension is applied.  

[0362] FIG. 41 shows illustrative threaded anchor 4100.  

Threaded anchor 4100 may be configured to apply tension between 

a fragment of bone B and web 4000. Threaded anchor 4100 may be
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configured to engage cell 4002 based on a metric of threaded 

anchor 4100. Threaded anchor 4100 may include root 4102.  

Threaded anchor 4100 may include crest 4104.  

[0363] A metric of threaded anchor 4100 may include major 

diameter Dmaj, minor diameter Dmin, mean diameter Dmean, thread 

angle c, thread pitch 6. A metric of threaded anchor 4100 may 

be selected based on a limitation on how much tension may be 

applied to a cell such as cell 4002.  

[0364] FIGS. 42(A)-(C) show illustrative threaded anchors 

4230, 4220 and 4200. Anchors 4230, 4220 and 4200 may include 

one or more of the metrics of threaded anchor 4100. Anchor 4230 

includes head portion 4234. Head portion 4234 may include axis 

4232. Anchor 4220 includes head portion 4224. Head portion 

4224 may include axis 4222. Anchor 4200 includes head portion 

4204. Head portion 4204 may include axis 4202.  

[0365] Head portions 4234, 4224 and 4202 may be configured to 

form an angle (D with bone surface BS (shown in FIG. 2) . Based 

on angle 0, an anchor most atraumatic to bone B may be selected.  

[0366] FIG. 43 shows illustrative skeleton S. Skeleton S 

includes illustrative bones Si in which illustrative implants 

described herein may be used as shown and described in 

connection with bone B (shown in FIG. 2). Table 2 includes a 

partial list of bones Si.
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Table 2. Bones S-.  

Bone Reference 

numeral in 

FIG. 2 

Distal Radius So 

Humerus Si 

Proximal Radius and Ulna (Elbow) S2 

Metacarpals S3 

Clavicle S'4 

Ribs S5 

Vertebrae S6 

Ulna S 7 

Hip S8 

Femur S, 

Tibia Sio 

Fibula Su 

Metatarsals S12 

[0367] FIG. 44 schematically shows anatomy of bone B (shown 

in FIG. 2) . Anatomical features of bone B are listed in Table 

2. Apparatus and methods in accordance with the principles of 

the invention may involve one or more of the anatomical features 

shown in Table 3. Features of bone B may be described in 

reference to bone axis LB (in which B indicates bone) and radius 

RB (in which B indicates bone).
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Table 3. Anatomical features of some of the bone types that may be treated by 

the apparatus and methods.  

Anatomical feature Reference numeral 

in FIG. 44 

Articular surface BO 

Cancellous, spongy or trabecular bone Bi 

Medullary cavity B, 

Cortical or dense bone B3 

Periosteum B, 

Proximal articular surface B, 

Diaphysis or midshaft B, 

Metaphysis or end region B7 

Epiphysis B, 

Articular surface B, 

[0368] The terms "end-bone" and "end-bone fracture" may be 

used to refer to fractures that occur in the epiphyseal or 

metaphyseal region of long bones. Such fractures include peri

articular and intra-articular fractures.  

[0369] FIG. 45 shows illustrative instrument guide 4500 for 

positioned at site H' on bone B. Illustrative instrument guide 

4500 may be configured to prepare bone B for delivery of 

illustrative implants described herein. Broach head 4524 may be 

delivered through guide 4500 to target region RL of 

intramedullary space IS. Target region RL is illustrated as 

being within cancellous bone Bcx, but could be in either, or 

both, of cancellous bone BCA and cortical bone Bco. Side template 

4530 and top template 4532 are registered to guide tube 4520.  

Arm 4531 may support template 4530. A practitioner may position
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templates 4530 and 4532 such that templates 4530 and 4532 

"project" onto target region RL so that guide 4500 will guide 

broach head 4524 to target region Rt.  

[0370] Template 4530 may include lobe outline 4534 and shaft 

outline 4536 for projecting, respectively, a "swept-out" area of 

broach head 4524 and a location of shaft-like structure 4525.  

Template 4532 may include lobe outline 4538 and shaft outline 

4540 for projecting, respectively, a target "swept-out" area of 

broach head 4524 and a target location of shaft-like structure 

4525. Templates 4530 and 4532 may be configured to project a 

shape of any suitable instrument that may be deployed, such as a 

drill, a coring saw, a prosthetic device or any other suitable 

instrument.  

[0371] Fluoroscopic imaging may be used to position templates 

4530 and 4532 relative to target region Rt.  

[0372] Broach head 4524 may rotate in intramedullary space IS 

to clear intramedullary bone matter so that a prosthetic device 

may be implanted. Broach head 4524 may be driven and supported 

by broach control 4526 and broach sheath 4527.  

[0373] Guide 4500 may include base 4502. Alignment members 

4504 and 4506 may extend from base 4502 to align guide 

centerline CLG of guide 4500 with bone centerline CLBS of the top 

surface of bone B. One or both of alignment members 4504 and 

4506 may be resilient. One or both of alignment members 4504 

and 4506 may be stiff.  

[0374] Alignment members 4504 and 4506 (not shown) may be 

relatively free to slide along surfaces of bone B. Guide 4500 

may include contacts 4508 and 4510 that may engage bone B along
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centerline CLBS. Contacts 4508 and 4510 may extend from a bottom 

surface (not shown) of guide 4500. Contacts 4508 and 4510 may 

prevent guide centerline CLG from rotating out of alignment with 

bone centerline CLBS

[0375] Contacts 4508 and 4510 may assure alignment of guide 

4500 with the surface of bone B, because two points of contact 

may be stable on an uneven surface even in circumstances in 

which 3, 4 or more contacts are not stable.  

[0376] Guide 4500 may include lateral cleats 4512 and 4514 

(not shown). Lateral cleats 4512 and 4514 may engage the 

surface of bone B to prevent guide 4500 from rotating in 

direction 0 about guide centerline CLG. Lateral cleats 4512 and 

4514 may be resilient to allow some sliding over bone B.  

[0377] When a practitioner positions guide 4500 on bone B, 

alignment members 4504 and 4506 may be the first components of 

guide 4500 to engage bone B. Alignment members 4504 and 4506 

may bring guide centerline CLG into alignment with bone 

centerline CLBS before contacts 4508 and 4510 and cleats 4512 and 

4514 engage bone B. Then, in some embodiments, cleats 4512 and 

4514 may engage bone B to inhibit rotation in direction 0. Then, 

in some embodiments, contacts 4508 and 4510 may engage bone B 

along bone centerline CLBS- Contacts 4508 and 4510 may have 

sharp points to provide further resistance to de-alignment of 

guide centerline CLG from bone centerline CLBS. In some 

embodiments, there may be no more than two contacts (e.g., 4508 

and 4510) to ensure that the contacts are in line with bone 

centerline CLBS

[0378] Guide 4500 may include stem 4516 and grip 4518. A 

practitioner may manually grip grip 4518. In some embodiments,
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a torque-limiter (not shown) may be provided to limit the torque 

that the practitioner can apply via grip 4518 to contacts 4508 

and 4510.  

[0379] Guide tube 4520 may receive and guide any suitable 

instrument. Guide tube 4520 may be oriented at angle a with 

respect to handle 4516. In some embodiments, angle a may be 

fixed. In some embodiments, angle a may be adjustable. In some 

embodiments, templates 4530 and 4532 may be fixed relative to 

guide tube 4520. In some embodiments, including some 

embodiments in which a is adjustable and some in which a is not 

adjustable, guide tube 4520 may be oriented so that the axis LGT 

of guide tube 4520 intersects bone B at substantially the same 

point as does axis LH of stem 4516. Grip 4518 will thus be 

positioned directly over the center of hole site H'.  

[0380] Guide 4500 may include channels 4542 and 4544 (not 

shown) . Rods 4546 and 4548 may be inserted through channels 

4542 and 4544, respectively, through cortical bone Bco. Rods 

4546 and 4548 may stabilize guide 4500 on bone B. Rods 4546 and 

4548 may be K-wires. Rods 4546 and 4548 may be inserted using a 

wire drill.  

[0381] Apparatus and methods described herein are 

illustrative. Apparatus and methods of the invention may 

involve some or all of the features of the illustrative 

apparatus and/or some or all of the steps of the illustrative 

methods. The steps of the methods may be performed in an order 

other than the order shown and described herein. Some 

embodiments of the invention may omit steps shown and described 

in connection with the illustrative methods. Some embodiments 

of the invention may include steps that are not shown and 

described in connection with the illustrative methods.
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[0382] Although the invention has been described in terms of 

particular embodiments and applications, one of ordinary skill 

in the art, in light of this teaching, can generate additional 

embodiments and modifications without departing from the spirit 

of or exceeding the scope of the principles of the invention.  

Accordingly, it is to be understood that the drawings and 

descriptions herein are proffered by way of example to 

facilitate comprehension of the invention and should not be 

construed to limit the scope thereof.  

[0383] Thus, apparatus and methods for fracture repair have 

been provided. Persons skilled in the art will appreciate that 

the present invention can be practiced by other than the 

described embodiments, which are presented for purposes of 

illustration rather than of limitation. The present invention 

is limited only by the claims that follow.
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CLAIMS 

1. An apparatus for a bone implant, the implant having a first 

base and a second base and a bone implant component extending 

therebetween, the first base and the second base defining a 

longitudinal axis, the bone implant component deflecting 

relative to the longitudinal axis in correspondence with 

relative displacement of the first base and the second base 

along the axis, the apparatus comprising: 

a first body that is substantially coaxial with the axis 

and longitudinally fixed to the first base, the first body 

comprising an unthreaded portion and a threaded portion, wherein 

the unthreaded portion has an inner diameter that is greater 

than an inner diameter of the threaded portion; 

a second threaded body that is substantially coaxial with 

the axis and longitudinally fixed to the second base, the second 

threaded body comprising an outer diameter that is less than the 

inner diameter of the unthreaded portion of the first body; and 

an elongated engaging member that is configured to 

threadedly engage the threaded portion of the first body and 

threadedly engage the second threaded body and thereby 

longitudinally fix a distance spacing the second threaded body 

apart from the threaded portion of the first body, 

wherein the unthreaded portion of the first body is 

configured to overlap the second threaded body.  

2. The apparatus of claim 1, wherein: 

the distance comprises: 

a maximum value that corresponds to a fully collapsed 

state of the implant; and 

a minimum value that corresponds to a fully expanded 

state of the implant; 

the elongated engaging member is further configured to 

longitudinally fix the distance at any value in the range 

between the maximum value and the minimum value;
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the fully collapsed state corresponds to a state in which 

the implant is configured to pass through an access hole in the 

bone; and 

the fully expanded state corresponds to a state in which 

the implant is expanded outside the bone at standard temperature 

and pressure.  

3. The apparatus of claim 1 or claim 2, wherein the distance 

controls the expansion of the implant by controlling the length 

of the implant.  

4. The apparatus of any one of claims 1 to 3, wherein the 

distance corresponds to a therapeutic length of the bone 

implant.  

5. The apparatus of claim 1 or claim 2, wherein the distance 

corresponds to a therapeutic radius of the bone implant.  

6. The apparatus of any one of claims 1 to 5, wherein: 

the elongated member is of unified construction; and 

of all structures that are configured to operate in 

conjunction with the implant, the elongated engaging member 

alone is configured to fix the distance.  

7. The apparatus of claim 1 or claim 2, wherein the distance 

corresponds to an expansion state of the bone implant, the 

expansion state providing structural support for a bone and 

substantially eliminating residual outward radial pressure on an 

inside wall of the bone.  

8. The apparatus of any one of claims 1 to 7, wherein the 

elongated engaging member is configured to apply tension between 

the first body and the second body.  

9. The apparatus of claim 8, wherein: 

the elongated member is of unified construction; and



- 73 

of all structures that are configured to operate in 

conjunction with the implant, the elongated engaging member 

alone is configured to apply the tension.  

10. The apparatus of any one of claims 1 to 9, wherein a 

scaffolding extends between the first base and the second base, 

the scaffolding including the bone implant component and being 

configured to support a bone.  

11. The apparatus of claim 10, wherein, when the first base 

moves toward the second base, the scaffolding expands away from 

the longitudinal axis.  

12. The apparatus of claim 11, wherein the implant includes an 

anchoring substrate that is disposed between the longitudinal 

axis and the scaffolding.  

13. The apparatus of any one of claims 1 to 9, wherein an 

anchoring substrate extends between the first base and the 

second base, the anchoring substrate including the bone implant 

component and being configured to support a bone.  

14. The apparatus of claim 13, wherein, when the first base 

moves toward the second base, the anchoring substrate expands 

away from the longitudinal axis.  

15. The apparatus of claim 13 or claim 14, wherein the implant 

includes a scaffolding that is, relative to the longitudinal 

axis, at a greater radial distance than is the anchoring 

substrate.  

16. The apparatus of any one of claims 12 to 15, wherein, when 

the distance is fixed, the anchoring substrate is slidable along 

the longitudinal axis and angularly displaceable about the 

longitudinal axis.  
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