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REVISION CONNECTOR FOR SPINAL CONSTRUCTS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This claims the benefit of U.S. Provisional Application Serial No.

61/169,336, filed April 15, 2009, the disclosure of which is hereby incorporated by

reference as if set forth in its entirety herein.

TECHNICAL FIELD

[0002] The present invention relates generally to orthopedics, and in particular

relates to implants and methods for revising existing posterior pedicle screw assemblies

to additional levels.

BACKGROUND

[0003] The options that exist for revising and/or extending a posterior pedicle

screw and rod construct in a patient are limited. Patients who have undergone previous

spinal surgery often develop symptoms in adjacent spinal levels, which often cause pain

and require additional surgery. Such additional spine surgeries often require existing

hardware constructs to be extended one or more additional spinal levels. In such cases, a

surgeon must decide if he can 1) extend the construct using the same hardware as the

patient's existing hardware, 2) extend the construct using different hardware while

leaving some of the patient's existing hardware in tact, or 3) remove all of the patient's

existing hardware and replace it with new hardware, including the new spinal levels to be

instrumented. Several disadvantages, however, characterize these approaches.

[0004] First, the patient's existing hardware must be identified via X-rays or

fluoroscopy and, once identified, the surgeon must determine if the same make and

model of hardware is available to the hospital or still on the market. The surgeon must

also determine if his experience will allow him to revise and the existing hardware and/or

add on new hardware, as some existing hardware systems are more difficult to revise or

install. Based on these determinations, the surgeon may decide to revise using new

hardware. Although a surgeon can choose the hardware of his choice, a connection

between the existing hardware and the new hardware must be made, most often

accomplished by removing or cutting the spine fixation rod from the superior most



pedicle screw, replacing it with a new pedicle screw, and extending the construct.

Concerns exist, however, that such a technique may disturb certain spinal levels that were

previously asymptomatic and, thus, results in pain that previously did not exist. Further,

many pedicle screw systems are not compatible with one another, significantly limiting

the new hardware options for adding to the existing construct. If the surgeon decides to

remove all existing hardware and replace it with new hardware of his choice he again is

disturbing some spinal levels that were previously asymptomatic. Each of these options

for adding and replacing hardware is time-consuming, especially if the surgeon is

unfamiliar with the patient's existing hardware.

SUMMARY

[0005] In accordance with one embodiment, a revision connector is configured

to couple a new spine fixation rod to a previously implanted spine fixation rod that is

secured to a plurality of vertebrae. The revision connector includes a body having a first

head and a first rod receiving channel extending into the first head, and a second head

and a second rod receiving channel extending into the second head. The first and second

channels are configured to receive respective fixation elements therein.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0006] The foregoing summary, as well as the following detailed description of

preferred embodiments of the application, will be better understood when read in

conjunction with the appended drawings. For the purposes of illustrating the revision

connector devices of the present application, there is shown in the drawings preferred

embodiments. It should be understood, however, that the application is not limited to the

precise arrangements and instrumentalities shown. In the drawings:

[0007] Fig. IA is a perspective view of a bone fixation assembly constructed in

accordance with one embodiment including a plurality of bone fixation elements

connected to a previously implanted spine fixation rod, and illustrated schematically as

each being previously secured to a vertebra;

[0008] Fig. IB is a perspective view of one of the bone fixation elements

illustrated in Fig. IA constructed in accordance with one embodiment, including an

anchor seat, a bone anchor, a collet, and a locking cap;



[0009] Fig. 2 is a perspective view of the spine fixation rod illustrated in Fig.

IA;

[0010] Fig. 3 is a perspective view of the bone anchor illustrated in Fig. IB;

[0011] Fig. 4 is a perspective view of the anchor seat illustrated in Fig. IB;

[0012] Fig. 5A is an exploded perspective view of the locking cap illustrated in

Fig. IB;

[0013] Fig. 5B is a top plan view of the locking cap illustrated in Fig. 5A;

[0014] Fig. 5C is a sectional side elevation view of the locking cap illustrated in

Fig. 5B;

[0015] Fig. 6 is a perspective view of the collet illustrated in Fig. IB;

[0016] Fig. 7A is a sectional side elevation view of the bone fixation element

illustrated in Fig. IB taken along line IA-IA, with the locking cap removed, to illustrate

a pedicle screw assembly;

[0017] Fig. 7B is a sectional side elevation view similar to Fig. 7B, but showing

a spine fixation rod extending through the anchor seat, and a locking cap affixed to the

anchor seat;

[0018] Figs. 8A-D are schematic views illustrating a method for assembling the

bone fixation element illustrated in Fig. IA;

[0019] Fig. 9 is a perspective view similar to Fig. IA, but showing a plurality of

superior and inferior vertebrae with respect to the previously secured vertebrae;

[0020] Fig. 1OA is a perspective view of a revision connector constructed in

accordance with one embodiment;

[0021] Fig. 1OB is a top plan view of the revision connector illustrated in Fig.

1OA;

[0022] Fig. 1OC is an end elevation view of the revision connector illustrated in

Fig. 1OA;

[0023] Fig. 1IA is a perspective view similar to Fig. 9, but showing the

previously implanted fixation rod cut;

[0024] Fig. 1IB is a perspective view similar to Fig. 9, but showing a revision

connector system including the revision connector illustrated in Fig. 10 secured between

a new spine fixation rod to the previously implanted spine fixation rod;



[0025] Fig. 12A is a schematic end elevation view of the revision connector

illustrated in Fig. HB;

[0026] Fig. 12B is a schematic side elevation view of the revision connector

illustrated in Fig. 12A;

[0027] Fig. 12C is a schematic top plan view of the revision connector

illustrated in Fig. 12A;

[0028] Fig. 13A is a perspective view of a revision connector constructed in

accordance with an alternative embodiment;

[0029] Fig. 13B is a perspective view showing a method for securing the

revision connector illustrated in Fig. 13A to the previously implanted spine fixation rod;

[0030] Fig. 14A is a perspective view of a revision connector constructed in

accordance with another alternative embodiment, including a first connector body and a

second connector body;

[0031] Fig. 14B is a schematic elevation view of the first connector body

illustrated in Fig. 14A;

[0032] Fig. 14C is a schematic elevation view similar to Fig. 14B, but showing

the connector body constructed in accordance with an alternative embodiment;

[0033] Fig. 15A is a schematic end elevation view of the second connector body

illustrated in Fig. 14A;

[0034] Fig. 15B is a schematic elevation view similar to Fig. 15A, but showing

the second connector body constructed in accordance with an alternative embodiment;

[0035] Fig. 15C is a schematic elevation view similar to Fig. 15B, but showing

the second connector body constructed in accordance with another alternative

embodiment;

[0036] Figs. 16A-D are schematic views illustrating a method for assembling the

revision connector system illustrated in Fig. 14A;

[0037] Fig. 17A is a perspective view of the second revision connector body

illustrated in Fig. 14A constructed in accordance with an alternative embodiment;

[0038] Fig. 17B is a perspective view of the second revision connector system

illustrated in Fig. 17A with the spine fixation rods removed;



[0039] Fig. 17C is an end elevation view of the second revision connector

system illustrated in Fig. 17B, showing insertion of the previously implanted spine

fixation rod; and

[0040] Fig. 17D is an end elevation view of the second revision connector

system illustrated in Fig. 17C, showing the previously implanted spine fixation rod

secured in the second revision connector body.

DETAILED DESCRIPTION

[0041] Certain terminology may be used in the following description for

convenience only and should not be considered as limiting in any way. For instance, a

bone fixation assembly 20 includes one or more bone fixation elements 22, and four bone

fixation elements 22A-D as illustrated in Fig. IA. As shown in Fig. IB, each bone

fixation element 22 extends vertically along an axial direction A, and generally

horizontally along a radial direction R that extends perpendicular to the axial direction A.

Thus, the radial direction R includes a longitudinal direction L and a lateral direction LA

that extends perpendicular to the longitudinal direction L. It should be appreciated that

the directional terms "longitudinal," "lateral," can likewise apply to the bone fixation

assembly 20 as extending horizontally, and the directional term "transverse" can refer to

a vertical direction. The bone fixation element 22 defines an upper or posterior end 2 1

and a lower or inferior end 23, such that the directional terms "upper" and "lower" and

derivatives thereof refer to a direction from the lower end 23 towards the upper end 21,

and from the upper end 2 1 towards the lower end 23, respectively.

[0042] The words "inward," "outward," "upper," "lower," "distal," and

"proximal," refer to directions toward or away from, respectively, the geometric center of

the bone fixation assembly 20 and its components. The words, "anterior", "posterior",

"superior," "inferior" and related words and/or phrases designate preferred positions and

orientations in the human body to which reference is made and are not meant to be

limiting. It should further be appreciated that while round structures define diameters as

described herein, the round structures could be replaced with alternative (e.g., polygonal)

structures which would define alternative cross-sectional dimensions opposed to

diameters. The term "diameter" as used herein is intended to include all such alternatives



unless otherwise specified. The terminology includes the above-listed words, derivatives

thereof and words of similar import.

[0043] It should be appreciated that the directional terms are used herein with

reference to the orientation of the bone fixation assembly 20 and its components as

illustrated, and that the actual orientation of the bone fixation assembly 20 and its

components may change during use. For instance, the axial direction is illustrated as

extending along a vertical direction, and the radial direction is illustrated as extending

along a horizontal direction, however the directions that encompass the various directions

may differ during use, depending, for instance, on the desired orientation of the bone

fixation assembly 20 during use. Accordingly, the directional terms are used herein

merely for the purposes of clarity and convenience only, in a non-limiting manner.

[0044] Referring now to Fig. IA, the bone fixation assembly 20 includes a

plurality of bone fixation elements, such as bone fixation elements 22A-D, connected by

a spine fixation rod 24 that extends along a longitudinal axis L. The bone fixation

elements 22A-D each include a bone anchor 30 that is implanted (e.g., screwed) into a

corresponding vertebra 27A-D. Unless otherwise specified, the bone fixation assembly

20 and its components can be made from titanium-aluminum-niobium alloy (TAN),

implant-grade 316L stainless steel, or any suitable alternative implant-grade material.

[0045] With continuing reference to Fig. IA, the bone fixation elements 22A-D

will be described as and may be generally implanted in the spine, for instance at the

pedicle portion of a lumbar, thoracic, or cervical vertebral body. In this regard, when the

bone fixation elements 22A-D are joined by the rod 24, the assembly 20 fixes the relative

position of the vertebrae (illustrated schematically at 27A-D). Accordingly, the bone

fixation elements 22A-D can be referred to as spine fixation elements or pedicle screw

assemblies, the spine fixation rod 24 can be referred to as a spine fixation rod, and the

bone fixation assembly 20 can be referred to as a spine fixation assembly. However, it

should be appreciated that the bone fixation assembly 20 can also be used for fixation of

other parts of the body, such as joints, long bones, or bones in the hands, face, feet,

extremities, cranium, and the like.

[0046] As shown in Fig. 2, the spine fixation rod 24 is elongate along a

longitudinal axis L, and includes a body 25 that is cylindrical or tubular in shape. The



longitudinal axis L extends generally in a cranial-caudal direction when the bone fixation

assembly is affixed to the spine. The rod body 25 may include, but is not limited to, a

solid body, a non-solid body, a flexible or dynamic body, or the like, and can assume any

alternative shape as desired. It should thus be appreciated that the bone fixation assembly

20 is not limited in use to any particular spine fixation rod 24.

[0047] Referring now to Fig. IB, the bone fixation elements 22A-D of the bone

fixation assembly 20 will now be described with respect to the bone fixation element 22.

In particular, the bone fixation element 22 generally includes a pedicle screw assembly

75, and a locking cap 34. The pedicle screw assembly 75 is illustrated as including a

bone anchor seat 26, a collet 28 disposed inside the anchor seat 26, a bone anchor 30

(shown as a threaded bone screw) having a head portion 33 (see Fig. 3) attached to the

collet 28. The locking cap 34 is installed in the anchor seat 26 at a location above the

collet 28, such that the spine fixation rod 24 is located in a rod slot 36 that is disposed,

and as illustrated defined, between the collet 28 and the locking cap 34.

[0048] Referring also to Fig. 3, the bone anchor 30 is configured as a bone

screw, or pedicle screw, that includes an externally threaded shaft 31 coupled at its upper

end to an enlarged curved head 33. The shaft 31 extends axially along a central axis B of

rotation, and can define any suitable diameter, length, and thread design so as to engage

the underlying bone, such as a vertebra 27. Alternatively, the shaft 31 can be unthreaded

so as to define a pin or a nail if desired. Thus, one skilled in the art will appreciate that

the bone anchor 30 is not limited to any particular type of shaft 31. The bone anchor 30

may also be cannulated and fenestrated such that openings extend radially outward from

a central hollow channel in a cannulated shaft to urge fluid out of the bone anchor 30

during injection or draw fluid into the central hollow channel from the radial sides of the

anchor during extraction of material adjacent the anchor if desired.

[0049] The bone anchor 30 further includes a vertically extending neck 35

connected between the shaft 31 and the head 33. The neck 35 is illustrated as extending

axially in a direction parallel to axis B, and includes an outer neck surface 37 that defines

a neck diameter, which is less than the diameter of the head 33.

[0050] The head 33 can define at least a partially spherical curvature, such as a

semi-spherical curvature, or can alternatively define any suitable curvature as desired to



facilitate rotation with respect to the collet 28 as is described in more detail below. The

head 33 also includes a drive surface 39 configured to receive a corresponding tip of a

drive tool, such as a screw driver configured to rotate the bone anchor 30 into

engagement with the vertebrae 27 or other underlying bone surface. The drive surface 39

can define a hexagon, a star drive pattern, a Phillips head pattern, a slot for a screw

driver, threads configured to receive corresponding threads of a threaded drive post, or

any suitable drive tool engaging structure as desired.

[0051] Referring now to Fig. 4, the anchor seat 26 includes an anchor seat body

38 that can be described as a generally cylindrical tubular body extending centrally along

an axial axis A that extends generally in the anterior-posterior direction when the bone

fixation element is implanted in the underlying vertebra. The body 38 includes a base 40

and a pair of spaced opposing arms 42 extending out (up in illustrated the orientation)

from the base 40. The arms 42 can be substantially identically or identically constructed.

The arms 42 define corresponding upper ends 46 that are also the upper ends of the body

38, and define an upper opening 48. The base 40 defines a lower end 50 that is also the

lower end of the body 38, and defines a lower opening 52. The body 38 defines an axial

bore 54 extending from the lower opening 52 to the upper opening 48.

[0052] The body 38 includes opposing support walls 56 and a pair of spaced

opposing spacer walls 58 connected between the support walls 56. The support walls 56

can be substantially identically or identically constructed, and the spacer walls 58 can

likewise be substantially identically or identically constructed. The arms 42 extend up

from respective support walls 56, and can be shaped as desired. As illustrated, the arms

42 are arc-shaped with the axis of the arc passing through the plane of symmetry that

bisects the anchor seat 26. Each arm 42 extends circumferentially about its axis less than

180°, such as between 60° and 150°, for instance approximately 90°. For instance, each

arm 42 can extend circumferentially 90.5° about its axis.

[0053] Accordingly, a gap G extends circumferentially between adjacent

circumferentially outer ends of the arms 42. The opposing gaps G are in alignment with

the axial bore 54. The arms 42 can be disposed radially opposite each other such that the

gaps G, in combination with the aligned portion of the axial bore 54, define a rod-

receiving channel 36 that is sized and configured to receive the spine fixation rod 24 such



that the spine fixation rod 24 extends through the bone fixation element 22. Thus, the

gaps G are aligned in the longitudinal direction. The spine fixation rod 24 can thus

extend through the opposing gaps G and the axial bore 54. The arms 42 define radially

inner and outer surfaces 60 and 62, respectively. The inner surfaces 60 define threads 62,

and are configured to threadedly receive the locking cap 34, as will now be described.

[0054] In particular, referring to Figs. 5A-C, the locking cap 34 is illustrated as

a set screw 64 and a saddle 66 operatively coupled to the set screw 64. The set screw 64

includes a generally cylindrical set screw body 65 having external threads 68 configured

to threadedly engage the threads 62 formed on the inner surfaces 60 of the arms 42. In

accordance with one embodiment, the threads 68 and 62 can incorporate inclined load

flanks forming an angle with respect to the axis A of the bone fixation element 22. The

load flanks may converge so that the top surface of the thread and the bottom surface of

the thread converge. The angle may be between 0 degrees (0°) and 30 degrees (30°), and

in one embodiment can be about five degrees (5°). One skilled in the art will appreciate

that the threads may take on any alternative form as desired, including negative load

threads, perpendicular threads, buttress threads, or the like.

[0055] The externally threaded set screw 64 generally provides flexibility when

inserting the spine fixation rod 24 into the anchor seat body 38 such that the spine

fixation rod 24 need not be completely reduced or seated within the body 38 prior to

engagement of the locking cap 34. The set screw 64 is configured to be tightened within

the anchor seat 26 against the spine fixation rod 24. The locking cap 34 may be

constructed as desired for this purpose including, but not limited to, an externally

threaded cap, a quarter-turn or partial-turn locking cap, a two-piece screw set, or the like.

[0056] The set screw 64 is illustrated as including a drive surface 70 provided as

an internal recess extending vertically down into the upper end of the screw 64. The

drive surface has any suitable shape configured to cooperate with a corresponding drive

tool for threadedly securing the set screw 64 onto the anchor seat body 38. The drive

surface 70 can define any shape as desired, for instance an external hexagon, a star drive

pattern, a Phillips head pattern, a slot for a screw driver, a threading for a correspondingly

threaded post, or the like.



[0057] With continuing reference to Figs. 5A-C, the saddle 66 includes a saddle

body 72 having a transverse recess 74 extending up into the bottom end of the saddle

body 72. The recess 74 can define a round surface that extends about a longitudinally

extending axis, such that the recess 74 is configured to receive the spine fixation rod 24 at

a rod-contacting surface 76. The rod-contacting surface 76 can include a desired surface

finish that adds roughness, such as, for example, a knurl, bead blasting, grooves, or other

textured finish that increases surface roughness and enhances rod push through strength.

[0058] The saddle 66 can be coupled to the set screw 64 in any desired manner,

including adhesion, mechanical fastening, and the like. In the illustrated embodiment, the

saddle 66 includes a stem 78 extending centrally upward from the saddle body 72. The

stem 78 is configured to be received in a central bore 32 extending vertically into the

lower end of the set screw body 65, and can be fastened within the central bore with a

rivet 80 or other like fastener. Accordingly, the saddle 66 is rotatable relative to the set

screw 64, such that the saddle 66 can self-align with the spine fixation rod 24 as the set

screw 64 is being rotated with respect to the anchor seat 26, for instance when the locking

cap 34 is being tightened against the spine fixation rod 24.

[0059] Referring again to Fig. 4, and as described above, the anchor seat body

38 includes a pair of spaced opposing support walls 56 and a pair of spaced opposing

spacer walls 58 connected between the support walls 56. The arms 42 extend up from

respective support walls 56, such that the spacer walls 58 are disposed between the arms

42. Each of the spacer walls 58 defines opposing upper ends 84 and lower ends 82 that

can be shaped as desired. The upper ends 84 are round in accordance with the illustrated

embodiment, such that the upper ends 84 and the circumferentially outer ends of the arms

42 are adjoined to generally define a U-shape from a horizontal view through the gaps G.

Thus, the upper ends 84 define the lower end of the gaps G.

[0060] The upper ends 84 can be shaped to conform generally with the outer

surface of the spine fixation rod 24, such that the upper ends 84 receive and engage the

spine fixation rod 24 during use. Alternatively, the upper ends 84 can be spaced slightly

below the upper surface of the collet 28, such that the collet 28 supports the spine fixation

rod 24 during use, as will be described in more detail below.



[0061] The support walls 56 each define opposing inner and outer surfaces 86

and 88, respectively. The support walls 56 and the spacer walls 58 flare inward toward

the central axis A in a downward direction from the arms 42, and terminate at respective

lower ends 90. The inner surfaces 86 of the opposing support walls 56 and spacer walls

58 at the lower end 90 define a distance D therebetween that is less than the distance

between opposing radially opposing inner surfaces 60 of the arms 42. The distance D can

be less than or greater than the diameter of the head 33 of the bone anchor 30. The inner

surfaces 86 flare radially inward toward the central axis A, and toward each other, along

a downward direction, and are each connected to bottommost, and innermost, surfaces

that define respective abutment walls 92.

[0062] Referring also to Figs. 4B and 7A, each abutment wall 92 defines

respective inner abutment surfaces 93 that in turn define a distance therebetween that is

substantially equal to the diameter of the neck 35, such that the abutment walls 92 are

configured to abut opposing abutment surfaces of the bone anchor, which are illustrated

as opposing sides of the outer neck surface 37 when the bone anchor 30 is disposed in the

anchor seat 26. Thus, the abutment walls 92 can prevent or limit pivoting of the bone

anchor 30 relative to the anchor seat 26 in a desired plane.

[0063] Referring now to Fig. 6, the collet 28 includes a collet body 45 that

defines a first or upper end 47 sized and configured to contact or support at least a portion

of the spine fixation rod 24 when the rod is received within the rod-receiving channel 36,

and a second or lower end 49 sized and configured to contact or otherwise engage,

directly or indirectly, a portion of the bone anchor head 33. The collet body 45 is

annular, and thus defines an axial bore 53 extending between and through the upper and

lower ends 47 and 49. The axial bore 53 is aligned with the axial bore 54 when the collet

28 is installed in the anchor seat 26.

[0064] Referring to Figs. 6 and 7A-B, the upper end 47 defines radially

opposing upwardly facing seat portions 51 having a curvature or semi-spherical shape

corresponding to the outer surface of the spine fixation rod 24, and is therefore

configured to receive or otherwise support at least a portion (e.g., a lower portion) of the

rod 24. The lower end 49 defines an inner surface 55 defining a curvature or semi-

spherical shape corresponding to the outer surface of the anchor head 33, and is therefore



configured to receive or otherwise engage at least a portion of the head 33, so that the

head can rotate with respect to the collet 28 and the anchor seat 26, and can further pivot

with respect to the collet 28 as permitted by the anchor seat 26. Because the bone anchor

30 can freely rotate about its axis of rotation B relative to the anchor seat 26, and thus the

anchor seat 26 can likewise rotate about the bone anchor 30, the rod-receiving channel 36

can be aligned with the spine fixation rod 24 without advancing or withdrawing the bone

anchor 30 in or out of the underlying bone. Thus, the bone anchor 30 can maintain a

constant insertion depth in the underlying bone (e.g., vertebra 27) while adjusting the

orientation of the rod-receiving channel 36.

[0065] The collet 28 further includes a pair of flanges 57 extending up from the

upper end 47 of the collet body 45 at a location radially between the seat portions 51. A

locking lip 59 extends radially out from each flange 57. As best shown in Fig. 7A, the

anchor seat 26 defines a pair of opposing recesses 6 1 (see Fig. 8A) formed radially in the

opposing inner surfaces 86 of the support walls 56 at a location below the threaded inner

surfaces 60 of the arms 42. During operation, the collet 28 can be inserted down into the

anchor seat 26, thereby causing the flanges 57 to flex inwardly past the threaded inner

surfaces 60, until the lips 59 clear the upper ends of the recesses 61, at which point the

flanges 57 snap back out so that the lips 59 are disposed in the recesses 6 1. Interference

between the lips 59 and the upper ends of the recesses 6 1 prevent the collet 28 from

backing out through the upper end of the anchor seat 26. The recesses 6 1 further define a

circumferential length substantially equal to that of the flanges 57 and locking lips 59,

such that the collet 28 is rotationally fixed with respect to the anchor seat 26 in a position

whereby the upper surface 47 is aligned with the spine fixation rod 24 when the spine

fixation rod 24 is inserted into the anchor seat 26.

[0066] The lower end 49 of the collet 28 defines an outer diameter that is

greater than the inner distance between the abutment walls 92. Accordingly, the collet 28

is unable to pass axially down through the lower end of the anchor body 26. The lower

end 49 includes one or more slots 67 (illustrated as a plurality of slots) extending radially

therethrough so as to define opposing pluralities of fingers 69 that are configured to pop

over the head 33 of the bone anchor 30. When the collet 28 is disposed in the anchor seat

26 such that the lips 59 are disposed in the respective recesses 61, the fingers 69 are



axially aligned with the abutment walls 92. Thus, as shown in Figs. 7A-B, when the

collet 28 and anchor 30 are installed in the anchor seat 24, the fingers 69 radially expand

to conform with the outer surface of the anchor head 33 and the inner surfaces of the

anchor seat 26. The inner diameters defined by the opposing fingers 69 are less than the

outer diameter of the anchor head 33 to prevent the anchor 30 from being removed from

the anchor seat 26 in an axially downward direction. The lower ends of the fingers 69

terminate at a location above the abutment walls 92. Accordingly, the fingers 69 do not

interfere with the engagement between the anchor neck 35 and the abutment walls 92.

[0067] Referring now to Figs. 8A-D, a method for assembling the pedicle screw

assembly 75 includes at step 1, inserting the bone anchor 30 vertically down through the

axial bore 54, such that the shaft 31 extends through the lower opening 52 of the lower

end 50 of the anchor seat 26, and the anchor head 33 is disposed above the abutment

walls 92. This method step for inserting the bone anchor 30 into the anchor seat 26 can

thus be referred to as top-end loading of the bone anchor 30 into the anchor seat 26.

Next, at step 2, the collet 28 is inserted into the axial bore 54 to a location whereby the

locking lips 59 can engage the lowermost threads 62 of the inner surface 60 of the arms

42. Next, at step 3, an upward force can be applied to the bone anchor 30 so as to insert

the anchor head 33 into the lower end 49 of the collet 28. The locking lips 59 of the

collet 28 brace against the anchor seat 26 inside the threads 62 to prevent the upward

force applied by the screw 28 from causing the collet 28 to back out of the upper opening

of the anchor seat 26. At step 4, a downward force is applied to the collet 28, thereby

inserting the locking lips 59 into the recesses 6 1 in the manner described above, and

locking the anchor 30 and collet 28 in the anchor seat 26.

[0068] During use, because the bone anchor 30 is rotatable with respect to the

collet 28 and the anchor seat 26, a driving tool can engage the drive surface 39 of the

head 33 so as to insert the threaded shaft 31 into the underlying bone, as shown in Fig.

IA. Next, as shown in Figs. 8A-D, the anchor seat 26 can be rotated about axis A in the

direction of Arrow R about the full 360° range of angles so as to align the rod-receiving

channel 36 with the longitudinal axis of the spine fixation rod 24. Once the bone anchor

30 has reached a desired depth in the underlying vertebra, the spine fixation rod 24 can be

inserted into the pedicle screw assembly 75. In particular, the spine fixation rod 24 is



inserted into the axial bore 54 either horizontally through the gaps G, or vertically down

into the axial bore 54. It should be appreciated that the spine fixation rod 24 will be

seated in the upper end 47 of the collet 28.

[0069] With continuing reference to Figs. 8A-D, once the rod 24 is installed in

the pedicle screw assembly 75, the locking cap 34 can be attached to the assembly 75 so

as to fully assemble the anchor assembly 22. In the illustrated embodiment, the external

threads 68 of the set screw 64 are rotated within the inner threads 62 of the anchor seat

arms 42, thereby causing the set screw and saddle 66 to move axially down in the axial

bore 54. As the saddle 66 approaches the spine fixation rod 24, the saddle 66 is rotated

with respect to the set screw 64 so as to bring the rod-contacting surface 76 into

alignment with the spine fixation rod 24. Once the saddle 66 is aligned with the spine

fixation rod 24, the set screw 64 is continuously threadedly inserted into the bone anchor

26, such that the locking cap 34 can be tightened against the rod 24, thereby applying a

downward axial force to the rod 24. The locking cap 34 can be said to be in an initial

position when installed in the locking cap 34 but before applying an axial force against

the spine fixation rod 24. The axial force applied to the rod 24 by the locking cap 34 is

transmitted to the collet 28, which causes the fingers 69 to ride along the inner surfaces

86 of the support walls 56 and spacer walls 58.

[0070] As the fingers 69 ride along the walls 56 and 58, they become radially

inwardly displaced due to the inward flare of the inner surfaces of the walls 56 and 58,

thereby radially biasing, or radially compressing, the fingers 69 against the anchor head

33. Increasing radial compression of the fingers 69 against the anchor head 33 causes

frictional forces between the fingers 69 and the anchor head 33 that resist rotation of the

anchor 30 about the axis A relative to the anchor seat 26, collet 28, and spine fixation rod

24. When the locking cap is fully tightened to a locked position, the resulting frictional

forces prevent the anchor 30 from movement relative to the anchor seat 26, collet 28, and

spine fixation rod 24. Thus, the locking cap 34 is configured to transmit a locking force

onto the collet 28 and bone anchor 30 to fix or lock the position of the bone anchor 30

relative to the anchor seat 26 and spine fixation rod 24. It should thus be appreciated that

the spine fixation rod 24 is thus implanted to the underlying vertebra that is engaged by

the bone anchor 30.



[0071] It should be appreciated that the above-described method steps can be

performed for each bone fixation element of the bone fixation assembly 20 as desired.

Furthermore, it should be appreciated that the while the bone fixation elements 22a-d

have been described as each including the pedicle screw assembly 75 described above,

the bone fixation elements 22a-d can include any alternatively constructed pedicle screw

assembly suitable for fixing the spine fixation rod 24 to the underlying vertebrae 27. For

instance, the pedicle screw assembly 75 can be constructed so as to permit the bone

anchor 30 to be implanted into underlying bone before the anchor head 33 is inserted into

the collet 28. In one embodiment, the abutment walls 92 are slotted so as to expand over

the anchor head 33. Accordingly, the anchor seat 26 and collet 28 can be popped onto

the head 33 from above instead of inserting the anchor 30 down through the anchor seat

26 in the manner described above. The method step of popping the anchor seat 26 over

the head 33 can be referred to as bottom-end loading of the anchor 30 into the anchor seat

26.

[0072] Referring now to Fig. 9, it should be appreciated that the while the spine

fixation rod 24 is implanted in a plurality of vertebrae 27a-d in the bone fixation

assembly 20, it may become desirable at a future date to extend the bone fixation

assembly 20 to affix at least one such as a plurality of vertebrae to the vertebrae 27a-d.

For instance, it may be desirable to affix at least one such as a plurality of inferior

vertebrae 27e-f to the vertebrae 27a-d. Alternatively or additionally, it may be desirable

to affix at least one such as a plurality of superior vertebrae 27g-h to the vertebrae 27a-d.

Thus, the spine fixation rod 24 can be referred to herein as a previously implanted spine

fixation rod. As illustrated, the vertebra 27a is the cranial-most vertebra that is secured to

the spine fixation rod 24, and the vertebra 27d is the caudal-most vertebra that is secured

to the spine fixation rod 24. The vertebra 27h is superior to the vertebra 27a, and the

vertebra 27g is superior to the vertebra 27h. The vertebra 27e is inferior to the vertebra

27d, and the vertebra 27f is inferior to the vertebra 27e. The vertebrae 27g-h and 27e-f

can be referred to as new vertebrae.

[0073] Referring now to Figs lOA-C, a revision connector 100 is configured to

couple a new spine fixation rod to the previously implanted spine fixation rod 24. The

revision connector 100 includes a body 101 having an inner vertebral facing surface 102,



an opposing outer surface 103 separated from the inner surface 102 along the axial

direction A, opposing end surfaces 104 connected between the inner and outer surfaces

102 and 103 and spaced apart in the longitudinal direction, and opposing side surfaces

105 connected between the inner and outer surfaces 102 and 103, further connected

between the end surfaces 104, and spaced apart in the lateral direction. It should be

appreciated that, depending on the orientation of the connector body 101, one of the end

surfaces 104 can be positioned as a superior end surface, while the other end surface 104

can be positioned as an inferior end surface once the connector 100 has been implanted.

While the connector 100 is illustrated having a generally rectangular structure having the

discrete surfaces 102-105, it should be appreciated that any shaped structure can define

the surfaces as described herein as desired, even though the surfaces may be curved or

angled with respect to the longitudinal, axial, and/or lateral directions.

[0074] The revision connector 100 is a dual head connector, such that the body

101 defines a first head 106 and a first rod receiving channel 108 extending into the first

head 106, and a second head 110 and a second rod receiving channel 112 extending into

the second head 110. The rod receiving channels 108 and 112 include respective round

inner surfaces 109 and 111 that can be contoured to generally conform with and support

the outer diameter of a new spine fixation rod 116 (see Fig. HB) and the previously

implanted spine fixation rod 24. It should be appreciated that the previously implanted

rod 24 and the new rod 116 can be more broadly construed as fixation elements. As

illustrated, the heads 106 and 110 are longitudinally offset (along a direction substantially

parallel to the previously implanted spine fixation rod 24). The revision connector 100

can further include a divider wall 114 that separates the heads 106 and 110, and further

defines opposing stop surfaces 114a and 114b in the rod receiving channels 108 and 112,

respectively.

[0075] At least one or both of the heads 106 and 110 is constructed generally as

described above with respect to the bone fixation elements 22. For instance, as

illustrated, the revision connector 100 includes opposing threaded arcuate cutouts 113

extending axially into the body 101 at the second head 110. The cutouts 113 are

configured to receive a locking cap such as the locking cap 34 described above. Thus,



the body 101 of the second head 110 is constructed generally as described above with

respect to the spaced opposing arms 42 that define a rod receiving channel 36.

[0076] The body 101 of the second head 110 likewise defines the rod receiving

channel 112. Furthermore, the body 101 defines a lower opening 118 that extends axially

between and through the inner surface 102 and the rod receiving channel 108 in a

direction substantially transverse to the rod receiving channel 108, generally as described

above with respect to the lower opening 52. Thus the lower opening 118 is sized to

receive and retain a bone anchor 30 in the manner described above. As will be

appreciated from the description below, the opening 118 is in operative alignment with

the spine fixation rod that extends into the corresponding channel. That is, the opening

118 can retain the bone anchor 30 that fixes the spine fixation rod to the underlying

vertebra. The body 101 further defines an axial bore 120 extending through the second

head 110 in alignment with the lower opening 118. The axial bore 120 is generally as

described above with respect to the axial bore 54. Thus, it should be appreciated that the

first head 106 defines an anchor seat 122 generally as described above with respect to the

anchor seat 26. The connector body 101 can thus also be referred to as an anchor seat

body, and the head 110 can be referred to as an anchor seat.

[0077] The body 101 of the first head 106 is generally as described above with

respect to the second head 110, however, the first head 106 does not define a lower

opening extending between and through the inner surface 102 and the rod receiving

channel 108. Thus, the first head 106 is not configured to support a bone anchor.

Alternatively, it should be appreciated that the first head 106 can be constructed as

described with respect to the second head 110 so as to allow either head to secure directly

to an underlying vertebra via a bone anchor.

[0078] As illustrated, the first fixation rod receiving channel 108 extends from

the respective end surface 104 of the first head 106 to the stop surface 114a of the divider

wall 114, and the second fixation rod receiving channel 112 extends from the respective

end surface 104 of the second head 110 to the stop surface 114b of the divider wall 114.

Alternatively, the connector body 101 can be devoid of the divider wall 114, such that the

rod receiving channels 108 and 112 are continuous with each other. Furthermore, while

the heads 106 and 110, and the respective channels 108 and 112, are in lateral alignment



with each other, they could alternatively be laterally offset as described in more detail

below. Because the heads are longitudinally aligned, each head 106 and 110 has only

one end surface that collectively define the end surfaces 104 of the connector body 101.

In embodiments where the heads 106 and 110 are laterally adjacent, each head 106 and

110 has only one side surface 105 that collectively define the opposing side surfaces 105

of the connector body 101.

[0079] Referring now to Figs. 11A-12C, a revision connector system 121 can

include the revision connector 100, the new spine fixation rod 116, a bone anchor such as

the bone anchor 30 as described above, one or more collets such as the collet 28

constructed as described above configured to retain the bone anchor 30, and one or more

locking caps such as the locking cap 34 constructed as described above. Unless

otherwise indicated, the revision connector system 121 and its components can be made

from a titanium-aluminum-niobium alloy (TAN), implant-grade 316L stainless steel, or

any suitable alternative implant-grade material

[0080] The collet is configured to capture and lock the head of the bone anchor

30 by popping the connector body 101 down onto the bone anchor 30 so as to "pop" the

collet onto the head of the bone anchor 30 as described above. Alternatively, the collet

can be configured to couple to the bone anchor 30 by loading the bone anchor 30 down

through the top of the connector 100 so that the shaft of the anchor extends through the

opening 118 prior coupling the bone anchor 30 to the underlying vertebral body. In an

alternative embodiment, the collapsible collet can be replaced by other elements that are

configured to be disposed interior to rod-to-screw connectors and serve to securely

connect the head of the bone anchor 30 to the connector body 101 . The locking caps 34

are configured to secure the previously implanted rod 24 and the new rod 116 to the

connector 100, and to secure the bone anchor 30 to the connector 30.

[0081] It is appreciated that the previously implanted spine fixation rod 24 may

define a range of different diameters, as manufacturers often market spine fixation rods of

differing diameters. Similarly, the pedicle screw assemblies 75 of the bone fixation

elements 22A-D can assume the form of a variety of different makes and models.

Likewise, the new spine fixation rod 116 can have a diameter that is substantially equal

to, greater than, or smaller than, that of the previously implanted spine fixation rod 24.



The connector 100 can be configured to secure the spine fixation rods 116 and 24

whether their diameters are the same or different. Likewise, pedicle screw assemblies

that secure the new spine fixation rod 116 to underlying vertebrae can be constructed the

same as or differently than the pedicle screw assemblies 75.

[0082] During operation, the revision connector system 121 can extend the

previously implanted bone fixation assembly 20 by extending the previously implanted

spine fixation rod 24 to other vertebrae. As illustrated in Fig. 1IA, the previously

implanted rod 24 is cut at a location between the outermost secured vertebra and the

adjacent secured vertebra. The bone fixation element 22 associated with the outermost

vertebra is then removed. For instance, as shown in Fig. 1IA, when extending the spine

fixation rod cranially, the spine fixation rod 24 is first cut between the cranial-most

secured vertebra 27a and the adjacent vertebra 27b, and the bone fixation element 22a.

When extending the spine fixation rod caudally, the spine fixation rod 24 is first cut

between the caudal-most secured vertebra 27d and the adjacent vertebra 27c, and the

bone fixation element 22d is removed. The bone anchor 30 is then implanted at or near

the point from which the bone anchor portion of the bone fixation element 22a was

removed, or into the vertebral body 27h adjacent (cranially) to the vertebral body 27a

from which the bone fixation element 22a was removed.

[0083] The revision connector 100 is then placed such that the superior end of

the previously implanted spine fixation rod 24 is disposed in the channel 108 of the first

head 106, and the second head 110 is secured to the bone anchor 30. For instance, the

bone anchor 30 can already be implanted in the underlying vertebra, such that the anchor

seat 122 is popped over the anchor head 33 in the manner described above.

Alternatively, the bone anchor 30 can be inserted longitudinally through the axial bore

120 in the manner described above, and subsequently affixed to the underlying vertebra.

The newer rod 130 is then implanted and secured to a desirable number of at least one

superior vertebral body, such as the superior vertebral bodies 27h and 27g, using a

corresponding number of additional pedicle screw assemblies, such as pedicle screw

assemblies 75 as described above. The inferior end of the new spine fixation rod 116,

which extends over at least one superior vertebra to be secured, is then urged into the rod

receiving channel 112 of the second head 110. The spine fixation rods 24 and 116 can be



inserted until their terminal ends abut the respective stop surfaces 114a-b of the divider

wall 114. Once the spine fixation rods are disposed in their respective rod receiving

channels, the locking cap 34 can be threaded into the arcuate cutouts 113 so as to secure

the previously implanted spine fixation rod 24 to the first head 106 in the channel 108,

and to secure the new spine fixation rod 116 and the bone anchor 30 to the second head

110 in the channel 112.

[0084] To extend a previously implanted bone fixation assembly 20 caudally, as

opposed to cranially, the new rod 116 is then implanted and secured to a desirable

number of at least one inferior vertebral body, such as the inferior vertebral bodies 27e

and 27f, using a corresponding number of additional pedicle screw assemblies, such as

pedicle screw assemblies 75 as described above. The superior end of the new spine

fixation rod 116 is then urged into the rod receiving channel 112 of the second head 110.

[0085] While the channels 108 and 112 are illustrated as extending down

through the outer surface 103 toward the inner surface 102 of their respective heads 106

and 110, it should be appreciated that at least one or both of the channels 108 and 112

could alternatively extend into one of the side surfaces 105 or the inner surface 102

unless otherwise indicated. For instance, referring to Figs. 13A-B, the channel 108 of the

first head 106 extends into one of the side surfaces 105. Thus, the opposed arcuate

cutouts 113 extend laterally into the channel 108.

[0086] During operation, the bone anchor 30 is fastened to the underlying

veretbra 27, such that the anchor head 33 is disposed in the second head 110. As

described above, the anchor can be inserted down through the opening 118, or the second

head 110 of the connector body 101 can be popped onto the head of the bone anchor 30.

Once the revision connector 100 is coupled to the head of the bone anchor 30, and the

previous rod 24 has been cut in the manner described above, the connector body 101 can

be rotated through an angle about the central axis B of the bone anchor 30 along the

direction R l so as to guide the previously implanted spine fixation rod 24 into the

channel 108 of the first head 106, thereby side-loading the rod 24 into the channel 108.

The new rod 116 is then urged into the second head 110 of the revision connector 200,

and the locking caps 34 can be tightened to secure the connector 200 to previously

implanted rod 24, the new rod 116, and the bone anchor 30. The channel 108 of the first



head 106 can be laterally offset with the channel 112 of the second head 110, or inline

with the channel 112 of the second head 110.

[0087] Referring now to Figs. 14A-16D, a revision connector system 221 can be

provided that is configured to secure one or more new vertebrae to vertebrae that have

previously been fixed using the previously implanted spine fixation rod 24 without

cutting the spine fixation rod 24 as described above with respect to the revision connector

system 121. The revision connector system 221 includes a revision connector 200, the

new spine fixation rod 116, a bone anchor such as the bone anchor 30 as described above,

one or more collets such as the collet 28 constructed as described above configured to

retain the bone anchor 30, and one or more locking caps such as the locking cap 34

constructed as described above.

[0088] The revision connector 200 includes a first connector body 201 and a

second body 240 that is coupled to the first body via a fixation element in the form of a

linkage 247 that can be provided as a rod segment that can be integrally connected to the

second body 240, and thus part of the second body 240, or discretely connected to the

second body 240. The first body 201 defines an inner vertebral facing surface 202, an

opposing outer surface 203 separated from the inner surface 202 along the axial direction

A, opposing end surfaces 204 connected between the inner and outer surfaces 202 and

203 and spaced apart in the longitudinal direction, and opposing side surfaces 205

connected between the inner and outer surfaces 202 and 203, further connected between

the end surfaces 204, and spaced apart in the lateral direction. It should be appreciated

that, depending on the orientation of the first connector body 201, one of the end surfaces

204 can be positioned as a superior end surface, while the other end surface 204 can be

positioned as an inferior end surface once the connector 200 has been implanted. While

the connector 200 is illustrated having a generally rectangular structure having the

discrete surfaces 202-205, it should be appreciated that any shaped structure can define

the surfaces as described herein as desired, even though the surfaces may be curved or

angled with respect to the longitudinal, axial, and/or lateral directions.

[0089] The first body 201 defines a first head 206 and a first rod receiving

channel 208 extending into the first head 206, and a second head 210 and a second rod

receiving channel 212 extending into the second head 210. The first rod receiving



channel 206 extends into one of the side surfaces 205 of the first head 206, and the

second rod receiving channel 210 extends into the outer surface 203 of the second head

210. The rod receiving channels 208 and 212 include respective round inner surfaces 209

and 2 11 that can be contoured to generally conform with the outer diameter of the new

spine fixation rod 116 and the linkage. As illustrated, the heads 206 and 208 are laterally

offset (along a direction angularly offset, and in particular substantially perpendicular,

with respect to the previously implanted spine fixation rod 24). The revision connector

200 can further include stop surfaces 214a and 214b in the rod receiving channels 208

and 212, respectively.

[0090] At least one or both of the heads 206 and 210 is constructed generally as

described above with respect to the first head 106. For instance, as illustrated, the

revision connector 200 includes opposing threaded arcuate cutouts 213 extending axially

into the body 201 at the first head 206. The cutouts 213 are configured to receive a

locking cap such as the locking cap 34 described above. Thus, the body 201 of the first

head 206 is constructed generally as described above with respect to the spaced opposing

arms 42 that define a rod receiving channel 36. Because the body 201 is not directly

connected to an underlying vertebra in accordance with one embodiment, the body 201

does not define a lower opening (such as opening 118 described above) that extend

extends axially between and through the inner surface 202 and either rod receiving

channel 208 or 212. Alternatively, it should be appreciated that either or both of the first

and second heads 206 and 210 can include a lower opening such as opening 118 so as to

allow either head to secure directly to an underlying vertebra via a bone anchor.

[0091] As illustrated, the first fixation rod receiving channel 208 extends into

the side surface 205, and is elongate from the respective end surface 204 of the first head

206 to the stop surface 114a. The second fixation rod receiving channel 212 extends into

the outer surface 203, and is elongate from the respective end surface 204 of the second

head 210 to the stop surface 214b. Alternatively, the channels 208 and 212 could extend

longitudinally entirely through to the connector body 201 . The second channel 212 is

laterally offset with respect to the channel 208, and is illustrated as laterally outwardly

spaced from the channel 208 with respect to the previously implanted rod 24. The

channels 208 extend longitudinally, in a direction substantially parallel to the previously



implanted fixation rod 24, though it should be appreciated that the linkage 247, and thus

the channel 212, can alternatively be angularly offset with respect to the fixation rod 24.

[0092] As illustrated in Fig. 14A, the first rod receiving channel 208 extends

laterally into the side surface 245, though the first rod receiving channel 208 can

alternatively extend vertically into the outer surface 243 of the first connector body 201

as shown in Figs. 14B-C. Furthermore, while the second rod receiving channel 212

extends vertically into the outer surface 243 of the first connector body 201 as illustrated

in Fig. 14A, the second rod receiving channel 212 could alternatively extend laterally into

the side surface 245 as illustrated in Fig. 14B. As shown in Figs. 14B-C, the rod

receiving channels 208 and 212 can be laterally adjacent and aligned with each other.

The channels 208 and 212 could alternatively be vertically or longitudinally aligned with

each other, if desired.

[0093] With continuing reference to Fig. 14A, the second body 240 defines an

inner vertebral facing surface 242, an opposing outer surface 243 separated from the

inner surface 242 along the axial direction A, opposing end surfaces 244 connected

between the inner and outer surfaces 242 and 243 and spaced apart in the longitudinal

direction L, and opposing side surfaces 245 connected between the inner and outer

surfaces 242 and 243, further connected between the end surfaces 244, and spaced apart

in the lateral direction. It should be appreciated that, depending on the orientation of the

second connector body 240, one of the end surfaces 244 can be positioned as a superior

end surface, while the other end surface 244 can be positioned as an inferior end surface

once the connector 200 has been implanted. While the connector 200 is illustrated

having a generally rectangular structure having the discrete surfaces 242-245, it should be

appreciated that any shaped structure can define the surfaces as described herein as

desired, even though the surfaces may be curved or angled with respect to the

longitudinal, axial, and/or lateral directions.

[0094] The second connector body 240 defines a head 246 and a rod receiving

channel 248 that extends longitudinally through the head 246 between the opposing end

surfaces 244. The rod receiving channel 248 further extends laterally into the side

surface 245 located proximate to the previously implanted fixation rod 24. The rod

receiving channel 248 is thus configured to receive the previously implanted fixation rod



24. A pair of threaded opposing arcuate cutouts 213 extends into each connector body

201 and 204 at locations aligned with the rod receiving channels 208, 212, and 248, and

is configured to receive the locking cap in the manner described above with respect to the

connector body 101.

[0095] The second body 240 also defines a linkage 247 that extends from the

inner end surface 244, that is the end surface 244 that faces toward the first body, in a

direction toward the first body 201 . As illustrated, the linkage 247 is laterally offset, and

displaced laterally outward, with respect to the channel 248, and thus the previously

implanted spinal fixation rod 24. Thus, the first body 240 extends in a direction

angularly offset, and substantially perpendicular, with respect to the previously implanted

fixation rod 24. The linkage 247 can be provided as cylindrical or tubular, and thus

constructed in the same manner as the fixation rods 24 and 116. The linkage 247 can be

integrally connected or discretely attached to the second body 240. For instance, the

second body 240 can include a head having a rod receiving channel that receives and

secures the linkage 247 to the second body in the manner described herein with respect to

the channel 212.

[0096] As illustrated in Figs. 14A and 15A, the rod receiving channel 248 can

alternatively extend laterally into the side wall 245 that is disposed proximate to the

previously implanted rod 24. However, it should be appreciated that the rod receiving

channel 248 can alternatively extend vertically into the outer surface 243 or the inner

surface 242 as illustrated in Figs. 15B and 15C, respectively. It should be appreciated

that any of the rod receiving channels described herein in accordance with all

embodiments could alternatively extend longitudinally into the respective end surfaces

without also extending into one of the inner, outer, and side surfaces, unless otherwise

indicated. In this embodiment, the fixation rod would be inserted longitudinally into the

respective head of the connector body.

[0097] Referring now also to Figs. 14A and 16A-D, a method for extending the

pre-existing bone fixation assembly 20 can be provided without cutting the previously

implanted spine fixation rod 24 or removing the outermost bone fixation element 22.

During operation, the first connector body 201 is fixed via one or more bone anchors 30

to at least one such as a plurality of vertebrae (e.g., the pedicle of the vertebrae) that are



superior and/or inferior to the previously fixed vertebrae. The first connector body 201

can be secured to vertebrae 27g-h to extend the bone fixation assembly 20 craniallly, and

to vertebrae 27 e-f to extend the bone fixation assembly caudally.

[0098] The second connector body 240 is then urged onto the previously

implanted fixation rod 24 at a location between a pair of the previously implanted bone

fixation elements 22, so that the rod 24 is disposed in the rod receiving channel 248. For

instance, when extending the bone fixation assembly cranially, the channel 248 can

receive the rod 24 at a location between inferior to the superior vertebra 271, such as

between the superior vertebra 27a and the adjacent vertebra 27b. When extending the

bone fixation assembly caudally, the channel 248 can receive the rod 24 at a location

superior to the inferior vertebra 27d, such as between the inferior vertebra 27d and the

adjacent vertebra 27c.

[0099] The second connector body 240 thus extends from the previously

implanted spine fixation rod 24 laterally outward such that the linkage 247 is laterally

offset from the rod 24 and extends substantially parallel to the rod 24. The first

connector body 201 is then urged to the linkage 247 so as to receive the linkage 247 in

the rod receiving channel 212. The linkage 247 can be laterally or vertically inserted into

the channel 212. The first connector body 201 is then urged to the new spine fixation rod

116, such that the rod 116 is received in the first rod receiving channel 208, thereby

coupling the bone anchor 30 that is extending from the connector 201 to the second

connector body 240. The connector body 201 can be secured to the fixation rod 116 and

the linkage 247, and the second connector body 240 can be secured to the fixation rod 24,

by tightening respective locking caps in the channels in the manner described above.

Alternatively, for instance when extended the bone fixation assembly 20 only one level, a

locking plug can be inserted into the channel 208. The locking plug can be constructed

similar to the locking screws known in the art with the exception that a rod segment is

attached thereto and fixed to the underlying vertebrae in the manner described above.

[0100] As described above, the second connector body 240 can be discretely

connected to the linkage 247. For instance, referring to Figs. 17A-D, the connector body

240 includes a head 25 1 laterally adjacent to the head 246, and a rod receiving channel

250 extending vertically down into the outer surface 243, and extending longitudinally



through the head 25 1. The channel 250 extends longitudinally into the inner end surface

244, and can extend longitudinally through the connector body 240 and through the

opposing outer end surface 244. An arcuate cutout 213 can extend vertically into the

connector body 240 in a direction transverse to and in alignment with the channel 250 so

as to receive a locking cap 34 of the type described above. The linkage 247 can be

provided as a rod segment that is received in the channel 250, such that the locking cap

34 can be tightened against the linkage 247 to secure the linkage 247 in the channel 250.

It should be appreciated that the channel 250 can alternatively extend into the inner

surface 242, or the outer side surface 245 as desired.

[0101] The channel 248 is illustrated as extending up into the inner surface 242

of the connector body 240 at a location laterally offset and aligned with the channel 250.

Accordingly, the connector body 240 defines an S-shape as illustrated in end elevation.

Alternatively, the channel 248 can extend into any surface of the connector body 240 as

desired. The channel 248 extends in the longitudinal direction L through the connector

body 240, and is thus configured to receive the previously implanted rod 24 extending

along the longitudinal direction. The connector body 240 can define a bore 249

extending vertically down from the outer surface 243 into the channel 248.

[0102] The revision connector system 221 can include a clamp 252 having a

clamp body 253 that has an outer diameter substantially equal to the inner diameter of the

bore 249. The clamp body 253 can include an horizontal support wall 254 and a pair of

legs 256 extending down from the upper support wall 254. The upper support wall 254

can include a threaded surface 255 configured to engage corresponding external threads

257 of the locking cap 34 inside the bore 249. Thus, as the locking cap 34 is rotated in a

first direction, the clamp 252 is moved upwards in the bore, thereby causing the legs 256

to compress toward each other. Thus, the legs 256 are flexible and sized to fit over the

previously implanted rod 24 when the legs 256 extend down past the connector body 240.

The legs 256 and upper support wall 254 thus define a channel 258 that is disposed in the

channel 248 defined by the connector body. Once the previously implanted rod 24 is

inserted into the channel 258, the locking cap 34 is tightened so as to cause the connector

body 240 to bias the legs 256 toward each other so as to fit around the previously

implanted rod 24 and secure the rod 24 to the connector body 240. The linkage 247 can



be fixed onto one or more cranial or caudal vertebrae via one or more pedicle screw

assemblies 75, or can be secured to the connector body 201 as described above.

[0103] It should be appreciated that a plurality of revision connector

embodiments has been described herein. Thus a spine fixation revision connector kit can

be provided that includes a plurality of revision connectors, each revision connector

being configured to couple a new spine fixation rod to a previously implanted spine

fixation rod that is secured to a plurality of vertebrae. Each revision connector in the kit

can include a first head and a first rod receiving channel extending into the first head, and

a second head and a second rod receiving channel extending into the second head. At

least one different revision connector of the plurality of revision connectors defines a

difference with respect to at least another of the plurality of revision connectors in the kit.

For instance, the different revision connector comprises an opening extending into at

least a select one of the first and second heads along a direction transverse to the

corresponding rod receiving channel. The difference can also be in the form of a shape

of the connector body. For instance, the difference can be that the connector body

defines an anchor seat body. The difference can also be the location of the rod receiving

channel. The kit can also be a revision connector system kit that includes a plurality of

linkages 247 and/or new fixation rods 116 alone or in combination with the spine fixation

revision connector kit.

[0104] It will be appreciated by those skilled in the art that changes could be

made to the embodiments described above without departing from the broad inventive

concept thereof. It is understood, therefore, that this invention is not limited to the

particular embodiment disclosed, but it is intended to cover modifications within the

spirit and scope of the present invention as defined by the present description.



CLAIMS

We claim:

1. A revision connector configured to couple a new spine fixation rod to a

previously implanted spine fixation rod that is secured to a plurality of vertebrae, the

revision connector comprising:

a body including a first head and a first rod receiving channel extending into the

first head, and a second head and a second rod receiving channel extending into the

second head, each channel configured to receive and secure a fixation element therein.

2 . The revision connector as recited in claim 1, wherein the body comprises an

anchor seat body.

3 . The revision connector as recited in claim 2, wherein the anchor seat body defines

an opening extending into at least a select one of the first and second heads along a

direction transverse to the rod receiving channels extending into the select head, the

opening configured to retain a bone anchor.

4 . The revision connector as recited in claim 3, wherein the first rod receiving

channel is configured to receive the previously implanted spine fixation rod, and the

second rod receiving channel configured to receive the new spine fixation rod, such that

the rod extends over at least one new vertebra.

5 . The revision connector as recited in claim 4, wherein the opening is in operative

alignment with the previously implanted spine fixation rod.

6 . The revision connector as recited in claim 4, wherein the opening is in operative

alignment with the new spine fixation rod.

7 . The revision connector as recited in claim 4, wherein the opening is in alignment

with one of the spine fixation rods, the revision connector further comprising a locking

cap configured to secure the aligned spine fixation rod with the bone anchor.



8. The revision connector as recited in claim 7, further comprising the bone anchor

configured to extend through the opening, the bone anchor having a shaft that is

configured to engage one of the vertebrae secured by the previously implanted spine

fixation rod and the at least one new vertebra, and a head that is configured to be retained

in the opening.

9 . The revision connector as recited in claim 4, wherein the second rod receiving

channel is laterally offset with respect to the first rod receiving channel.

10. The revision connector as recited in claim 9, wherein the second head is laterally

offset with respect to the first head.

11. The revision connector as recited in claim 4, wherein the first and second rod

receiving channels are aligned.

12. The revision connector as recited in claim 4, wherein each head defines a

respective inner vertebral-facing surface and an opposed outer surface, at least one side

surface extending between the inner and outer surfaces, and a superior end surface and an

inferior end surface, the end surfaces extending between the inner and outer surfaces.

13. The revision connector as recited in claim 12, wherein the first rod receiving

channel extends into one of the end surfaces of the first head, and the second rod

receiving channel extends into one of the end surfaces of the second head.

14. The revision connector as recited in claim 13, wherein at least one of the first and

second rod receiving channels extends into the outer surfaces of the first and second

heads, respectively.

15. The revision connector as recited in claim 13, wherein at least one of the first and

second rod receiving channels extend into the inner surfaces of the first and second

heads, respectively.

16. The revision connector as recited in claim 13, wherein at least one of the first and

second rod receiving channels extend into one the at least one side surface of the first and

second heads, respectively.



17. The revision connector as recited in claim 16, wherein the first rod receiving

channel extends into the at least one side surface of the first head and the opening extends

into the inner surface of the second head, such that the anchor seat body is configured to

be rotated through an angle about the bone anchor after the bone anchor has fastened the

first head to the new vertebra, so as to place the previously implanted rod into the first

rod receiving channel.

18. The revision connector as recited in claim 3, wherein the body is a first body, the

revision connector further comprising:

a second body defining a third head and a third rod receiving channel extending

into the third head, the third rod receiving channel configured to receive the previously

implanted spine fixation rod, and the connection portion extending in a direction

angularly offset with respect to the previously implanted spine fixation rod; and

a linkage extending from the second body in a direction substantially parallel to

the previously implanted spine fixation rod and laterally offset with respect to the

previously implanted spine fixation rod,

wherein the first rod receiving channel is configured to receive the new spine

fixation rod such that the new spine fixation rod extends over at least one new vertebra,

and the second rod receiving channel is configured to receive the linkage.

19. The revision connector as recited in claim 18, wherein the second body and each

head defines a respective inner vertebral-facing surface and an opposed outer surface, at

least one side surface extending between the inner and outer surfaces, and a superior end

surface and an inferior end surface, the end surfaces extending between the inner and

outer surfaces.

20. The revision connector as recited in claim 19, wherein the third rod receiving

channel extends into one of the end surfaces of the second body.

2 1. The revision connector as recited in claim 20, wherein the third rod receiving

channel further extends into the inner surface of the second body.



22. The revision connector as recited in claim 20, wherein the third rod receiving

channel further extends into the outer surface of the second body.

23. The revision connector as recited in claim 20, wherein the third rod receiving

channel further extends into the at least one side surface of the second body.

24. The revision connector as recited in claim 18, wherein the first rod receiving

channel is disposed adjacent the second rod receiving channel.

25. The revision connector as recited in claim 18, wherein the first rod receiving

channel is aligned with the second rod receiving channel.

26. The revision connector as recited in claim 18, wherein the second body extends

perpendicular to the previously implanted spine fixation rod.

27. The revision connector as recited in claim 1, wherein the first rod receiving

channel extends along a first direction and is configured to retain the previously

implanted spine fixation rod such that the spine fixation rod extends along the first

direction, and the rod receiving channel extends along a direction substantially parallel to

the first direction and is configured to retain the new spine fixation rod, wherein the

second rod receiving channel is offset from the first rod receiving channel along a second

direction that is angularly offset with respect to the first direction.

28. The revision connector as recited in claim 27, wherein the second direction is

substantially perpendicular to the first direction.

29. The revision connector as recited in claim 27, wherein the anchor seat body is

substantially S-shaped.

30. The revision connector as recited in claim 27, wherein the anchor seat body

defines a inner vertebral-facing surface and an opposed outer surface, a pair of opposing

side surfaces extending between the inner and outer surfaces, and a superior end surface

and an inferior end surface, the end surfaces extending between the inner and outer

surfaces and further between the side surfaces.



31. The revision connector as recited in claim 30, wherein the first rod channel

extends into the inner surface.

32. The revision connector as recited in claim 31, wherein the second rod channel

extends into the outer surface.

33. The revision connector as recited in claim 30, wherein the first rod channel

extends into one of the side surfaces.

34. The revision connector as recited in claim 20, wherein the first rod channel

extends into the outer surface.

35. The revision connector as recited in claim 34, wherein the second rod channel

extends into the inner surface.

36. The revision connector as recited in claim 27, further comprising a clamp

configured to be disposed in the channel and retain the previously implanted spine

fixation rod therein.

37. The revision connector as recited in claim 27, further comprising a first locking

cap configured to secure the previously implanted spine fixation rod in the first rod

receiving channel, and a second locking cap configured to secure the new spine fixation

rod in the second rod receiving channel.

38. A spine fixation rod revision connector kit comprising:

a plurality of revision connectors, each revision connector being configured to

couple a new spine fixation rod to a previously implanted spine fixation rod that is

secured to a plurality of vertebrae, each revision connector comprising:

an body including a first head and a first rod receiving channel extending into the

first head, and a second head and a second rod receiving channel extending into the

second head,

wherein at least one different revision connector of the plurality of revision

connectors defines a difference with respect to at least another of the plurality of revision

connectors.



39. The kit as recited in claim 38, wherein the different revision connector comprises

an opening extending into at least a select one of the first and second heads along a

direction transverse to the corresponding rod receiving channel.

40. The kit as recited in claim 38, wherein the difference comprises a shape of the

body.

4 1. The kit as recited in claim 38, wherein the body of the different revision

connector comprises an anchor seat body.

42. The kit as recited in claim 38, wherein the difference comprises a location of at

least one of the rod receiving channels.

43. The kit as recited in claim 42, wherein each of the revision connectors defines an

inner vertebral-facing surface and an opposed outer surface, at least one side surface

extending between the inner and outer surfaces, and a superior end surface and an inferior

end surface, the end surfaces extending between the inner and outer surfaces, and the

difference comprises at least one of the surfaces that into which at least one of the rod

receiving channels extends.

44. A method for connecting a new spine fixation rod to a spine fixation rod that was

previously fixed to a plurality of vertebrae, the method comprising the steps of:

providing a revision connector including a body that defines a first head and a

first rod receiving channel extending into the first head, and a second head and a second

rod receiving channel extending into the second head;

placing the previously fixed spine fixation rod into the first rod receiving channel;

placing the new spine fixation rod into the second rod receiving channel; and

affixing the new spine fixation rod to at least one vertebra that is different from

the plurality of vertebrae.

45. The method as recited in claim 44, wherein the first placing step is performed

before the second placing step.



46. The method as recited in claim 44, wherein the first placing step is performed

after the second placing step.

47. The method as recited in claim 44, further comprising the step of attaching one of

the first and second heads to an underlying vertebra.

48. The method as recited in claim 44, further comprising cutting the previously fixed

spine fixation rod prior to the first placing step.

49. The method as recited in claim 44, wherein the first placing step further comprises

rotating the revision connector so as to place the previously fixed spine fixation rod into

the first rod receiving channel.

50. The method as recited in claim 44, further comprising the steps of:

securing the previously fixed spine fixation rod into the first rod receiving

channel; and

securing the new spine fixation rod into the second rod receiving channel.
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