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PIVOTING SPINAL FIXATION DEVICES
CROSS REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Patent Application 13/586,727, which was filed

August 15, 2012 and is incorporated herein by reference.

TECHNICAL FIELD
The disclosed embodiments relate generally to orthopedic devices, and more specifically

to spinal fixation devices.

BACKGROUND

Spinal fixation devices may be used to stabilize or align a patient’s spine. Exemplary
spinal fixation devices include pedicle screw assemblies which may involve attaching spinal rods
adjacent the vertebrae of interest with pedicle screws. Conventional pedicle screw assemblies
may include pedicle screws that are disposed through the construct rod or pedicle screws that are

disposed at an offset position from the construct rod.

SUMMARY

In accordance with the present disclosure, an embodiment of an orthopedic connector
system comprising a linking element having an end portion operable to be connected to a
fastening device, and an aperture defined in an offset portion of the linking element offset from
the end portion, the aperture extending along a first longitudinal axis. The connector system also
includes a rod connection element having an upper portion operable to be received in the
aperture, wherein the rod connection element is operable to rotate about the first longitudinal
axis relative to the linking element. The rod connection element may comprise an opening
defined in the upper portion of the rod connection element, the opening extending longitudinally
along and circumferentially about the first longitudinal axis, and an elongated slot defined in a

lower portion of the rod connection element, the elongated slot operable to receive a rod therein.
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The connector system also includes a fastener operable to be received in the opening of the rod
connection element. The fastener may be operable to actuate a connection mechanism to
substantially fix the rod connection element in a rotational orientation relative to the first
longitudinal axis and substantially fix the rod in a longitudinal position relative to the rod

connection element.

In accordance with the present disclosure, an embodiment of an orthopedic connector
system comprising a linking element having an end portion operable to be connected to a
fastening device, and an aperture defined in an offset portion of the linking element offset from
the end portion, the aperture extending along a first longitudinal axis. The disclosed connector
system further includes a rod connection element having an upper portion operable to be
received in the aperture, wherein the rod connection element is operable to rotate about the first
longitudinal axis relative to the linking element. The rod connection element comprises an
opening defined in the upper portion of the rod connection element, the opening extending
longitudinally along and circumferentially about the first longitudinal axis, and a tapered flexible
lower portion operable to clamp onto a rod. The disclosed connector system further includes a
fastener comprising a head portion operable to latch against a top surface of the offset portion
and a body portion operable to be received in the opening of the rod connection element. In an
embodiment, a rotation of the fastener is operable to effect a translation of the rod connection
element upwardly towards the top surface of the offset portion and a compression of the tapered
flexible lower portion of the rod connection element against an inner wall of the offset portion of
the linking element, the compression operable to substantially fix the rod connection element in a
rotational orientation relative to the first longitudinal axis and substantially fix the rod in a

longitudinal position relative to the rod connection element.

Also disclosed herein is an exemplary method for assembling a connector system for

connecting a medical fastener to a rod in an offset orientation. The disclosed method comprises

2
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connecting a rod connection element to a rod. The method further includes providing a linking
element having an end portion operable to be connected to a fastening device and an aperture
defined in an offset portion of the linking element offset from the end portion, the aperture
extending along a first longitudinal axis. The method further includes disposing an upper portion
5 of arod connection element in the aperture, positioning the linking element in a rotational
orientation about the first longitudinal axis relative to the rod connection element. The method
further includes disposing a fastener in an opening defined in the upper portion of the rod
connection element, the opening extending longitudinally along and circumferentially about the
first longitudinal axis, and rotating the fastener to substantially fix the linking element relative to
10 the rod connection element and substantially fix the rod in a longitudinal position relative to the

rod connection element.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the accompanying

15  drawings, in which like reference numbers indicate like features, and:

Figure 1 illustrates an explode view of an exemplary embodiment of a connector system;

Figure 2 illustrates an assembled view of the connector system shown in Figure 1;

Figures 3 illustrates a partial cross-sectional view of the connector system shown in

Figure 2;

20 Figure 4 illustrates a perspective view of an exemplary embodiment of a rod connection

element;

Figure 5 illustrates a cross-sectional view of the rod connection element shown in Figure
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Figure 6 illustrates a side view of the rod connection element shown in Figure 4 with a

rod;

Figure 7 illustrates a perspective view of an exemplary embodiment of the rod connection

element shown in Figure 4 receiving a rod;

Figure 8§ illustrates a perspective view of an exemplary embodiment of a linking element;

Figure 9 illustrates a perspective view of an exemplary linking element connected to an

exemplary rod connection element;

Figure 10 illustrates a perspective view of an exemplary linking element rotationally

fixed with respect to an exemplary rod connection element having a rod disposed therein;

Figure 11 illustrates a perspective view of an exemplary linking element rotationally

fixed with respect to an exemplary rod connection element without a rod disposed therein;

Figure 12 illustrates an explode view of another exemplary embodiment of a connector

system;

Figure 13 illustrates an assembled view of the connector system shown in Figure 12; and

Figures 14 illustrates a partial cross-sectional view of the connector system shown in

Figure 13.

DETAILED DESCRIPTION

Offset style connector systems may be configured to be monolithic, which would not
allow for rotational adjustment of the construct rod. Such a system may be difficult to assemble
and attach to the patient, especially in certain anatomical space, such as that proximate to the

sacrum and ilium.

4-
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Figure 1 and Figure 2 illustrate an exemplary embodiment of an orthopedic connector
system 100 before and after assembly, respectively. Figure 3 is a cross-sectional view of the
orthopedic connector system 100 in an assembled state. Referring to Figs. 1-3, an exemplary
embodiment of the orthopedic connector system 100 may include a linking element 102 having
an end portion 104 operable to be connected to a fastening device (not shown), such a pedicle
screw. The linking element 102 may also include an aperture 106 defined in an offset portion
108 of the linking element 102 offset from the end portion 104 The aperture 106 may extend
along a first longitudinal axis 110. The end portion 104 of the linking element 102 may have a
variety of configurations, including a rod-like geometry as shown in Figs 1-3. The aperture 106
may be offset from the end portion 104 by various distances and angles, depending on the

surgical applications and the anatomical constraints in each application.

The orthopedic connector system 100 may also include a rod connection element 112
having an upper portion 114 operable to be received in the aperture 106. The upper portion 114
may include outer recessed areas 122 extending circumferentially that allow the rod connection
element 112 to be snapped into the aperture 106 where the outer recessed areas 122 mate with
the inner wall 124 of the offset portion 108 of the linking element 102. Configured as such, the
linking element 102 is operable to rotate about the first longitudinal axis 110 relative to the rod

connection element 112.

An embodiment of the rod connection element 112 includes an opening 116 defined in
the upper portion 114 of the rod connection element 112, and the opening 116 may be configured
to extend longitudinally along and circumferentially about the first longitudinal axis 110 as
illustrated in Figs. 1-3. An embodiment of the rod connection element 112 further includes

an elongated slot 118 defined in a lower portion 120 of the rod connection element 112.

The elongated slot 118 may be configured receive a rod (not shown), which may be any
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construct rod for connecting pedicle screws known in the art an will be described in greater

details with respect to other exemplary embodiments disclosed herein.

The orthopedic connector system 100 may also include a fastener 126 operable to be
received in the opening 116 of the rod connection element 112. The fastener 126 may be
configured in a variety of ways to actuate a connection mechanism to substantially fix the
rotational orientation of the linking element 102 about the first longitudinal axis 110 relative to
the rod connection element 112 and substantially fix the rod in a longitudinal position relative to
the rod connection element 112. In an exemplary embodiment, the fastener 126 may be a set

screw as shown in Figs. 1-3.

In operation, a construct rod (not shown) may be already implanted in a surgical site, and
the rod connection element 112 may be connected to the construct rod such that the rod is
received through the elongated slot 118. The upper portion 114 of the rod connection element
112 may be received in the aperture 106 of the linking element 102, and the end portion 104 of
the linking element 102 may be passed through a pedicle screw’s slot (not shown). A set screw
(not shown) may then be inserted into the pedicle screw. The orientations of the linking element
102 relative to both the pedicle screw and rod connector element 112 may be adjusted, and the
fastener 126 and the set screw of the pedicle screw may be provisionally tightened to ensure
proper engagement between mating components is achieved. When the fastener 126 is
tightened, a first compression force may be exerted by the fastener 126 on the upper portion 114
of the rod connection element 112 against an inner wall 124 of the offset portion 108 to
substantially fix the rotational orientation of the linking element 102 about the first longitudinal
axis 110 relative to the rod connection element 112. In an embodiment, the desired rotational
orientation may be one that improves the ease of rod attachment to the rod connection element
112. Further, the tightening of the fastener 126 may allow for a second compression force
exerted by the fastener 126 on the rod against the elongated slot 118 to substantially fix the rod

-6-
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in a longitudinal position relative to the elongated slot 118. As discussed above, the fastener 126
may be a set screw as illustrated in Figs 1-3. The illustrated set screw design comprises a
standard unified screw thread, but, in an embodiment, a reverse buttress could also be employed

to increase the force applied.

It is to be appreciated that the embodiments discussed with respect to Figs. 1-3 allow an
additional degree of adjustment when compared to mono-axial lateral offset designs and a
reduction of the material under the rod. More specifically, the rotational connection between the
rod connection element 112 and the offset portion 108 of the linking element 102 allows for an
additional degree of rotational freedom while the fastener 126 allows for fixing the orientation of
the rod connection element 112 and the orientation of the construct rod. As such, the construct
rod and the linking element 102 do not need to be orthogonal to each other to enable attachment.
This can be particularly helpful when pedicle screws are placed in both the sacrum and ilium.
Offset connector attachment to construct rods can be hindered by the relative location of sacral

and iliac screws and the rod orientation.

It is to be appreciated that, in some applications, the ease of construct assembly of the
embodiments of the present disclosure may be improved by modifying suitable aspects the
connector system 100. By way of example, various exemplary embodiments in accordance with
the present disclosure will be discussed with respect to Figures 4-11. Fig. 4 illustrates an
exemplary rod connection element 200 that is different from the rod connection element 112 in a

few aspects.

In an embodiment, the rod 212 may be disposed into the slot 210 from the top side
through the opening 214 defined in the upper portion 216 of the rod connection element 200
before the rod connection element 200 is assembled with the linking element 300. The slot 210
may have an undercut geometry that mates with the geometry of the rod 212 and a latch 208

proximate to the slot 210. The mating of the geometries and the latch 208 may allow a tight
-
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interference fit with the rod 212. To securely snap the rod 212 into the bottom of the slot 210 as
shown in Figs. 6 and 7, one may spread apart the rod connection element 200 to clear the latch
208, after which a clearance fit may minimize splay between the linking element 300, the rod
connection element 200, and the fastener 126. It is to be appreciated that the top loading
approach for snapping the rod 212 into the slot 210 may improve the ease of construct assembly
in comparison to the more limited angle from the side when the top is closed (with the
engagement of the linking element 300 onto the rod connection element 200). As such, a
plurality of rod connection elements 200 may be snapped onto the rod 212 at various
longitudinal positions as opposed to stringing a number of rod connection elements onto a

contour rod.

In an embodiment, after the rod 212 is inserted, the linking element 300 may be disposed
over the rod connection element 200 to close the top side. In an embodiment, the rod connection
element 200 includes tabs 202 that taper diametrically as they extend upwardly from the upper
portion 204 of the rod connection element 200. The tabs 202 are operable to guide the linking
element 300 down to the upper portion 204 for engagement as shown in Fig. 9. The linking
element 300 shown in Fig. 8 includes a plurality of longitudinal ridges 302 and a ring 304
disposed in a groove 306 defined in an inner wall of the offset portion 308. The groove 306 has
a larger diameter than the ring 304 such that the ring 304 may expand into the groove 306 as the
linking element 300 is placed over the rod connection element 200. As the linking element 300
advances, the ring 304 expands and then snaps into a mating groove 216 defined in the upper

portion 204 of the rod connection element 200.

The ridges 302 of the linking element 300 may mate with the ridges 218 defined in the
upper portion 204 of the rod connection element 200. Referring to Fig. 5, which is a cross
sectional view of the rod connection element 200, the pitch of the ridges 218 may be configured
to enable multiple options of fabrication. The illustrated ridges 218 are spaced 5 degrees apart.

8-
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Finer or coarser pitch may use in different embodiments depending on fabrication specifications.
Also, the ridges 302 and 218 may be replaced by texture surfaces. The ridged surfaces on the
linking element 300 and the rod connection element 200 may be configured to have different
diameters such that the linking element 300 and the rod connection element 200 may pivot and

rotate relative to each other when not locked as shown in Fig. 9.

In an embodiment, once the linking element 300 is snapped onto the rod connection
element 200, the tabs 202 may be broken off by levering each tab 202 with a mating tool (not
shown). The interface between the tabs 202 and the upper portion 204 of the rod connection
element 200 may be configured to include internal and external grooves 220 to improve the ease
of breaking off the tabs 202. After the tabs 202 are broken off, a fastener 400 may be tighten to
clamp the rod 212. As the fastener 400 is tightened, the upper portion 204 and the ridges 218 are
forced outward due to a lateral compression force exerted by the fastener 400. As such, the
outward movement of the ridges 218 allows them to engage the ridges 302 of the linking element
300, thereby substantially fixing the rod connection element 200 in a rotational orientation

relative to the longitudinal axis 402.

It is to be appreciated that the rod 212 may be disposed in the slot 210 either before or
after the linking element 300 and the rod connection element 200 are snapped together. Fig. 11
shows an exemplary embodiment in which the linking element 300 and the rod connection
element 200 are fixed as discussed above, and at this stage, the rod 212 can only be inserted

laterally.

Figure 12 and Figure 13 illustrate an exemplary embodiment of an orthopedic connector
system 500 before and after assembly, respectively. Figure 14 is a cross-sectional view of the
orthopedic connector system 500 in an assembled state. Referring to Figs. 12-14, an exemplary
embodiment of the orthopedic connector system 500 may include a linking element 502 having

an end portion 504 operable to be connected to a fastening device (not shown), such a pedicle
9-
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screw. The linking element 502 may also include an aperture 506 defined in an offset portion
508 of the linking element 502 offset from the end portion 504 The aperture 506 may extend
along a first longitudinal axis 510. The end portion 504 of the linking element 502 may have a
variety of configurations, including a rod-like geometry as shown in Iligs 12-14. The aperture
506 may be offset from the end portion 504 by various distances and angles, depending on the

surgical applications and the anatomical constraints in each application.

The orthopedic connector system 500 may also include a rod connection element 512
having an upper portion 514 operable to be received in the aperture 506 and a tapered flexible
lower portion 518 operable to clamp onto a construct rod. An embodiment of the rod connection
element 512 includes an opening 516 defined in the upper portion 514 of the rod connection
element 512, and the opening 516 may be configured to extend longitudinally along and
circumferentially about the first longitudinal axis 510 as illustrated in Figs. 12-14. The linking
element 502 is operable to rotate about the first longitudinal axis 510 relative to the rod

connection element 512.

The orthopedic connector system 500 may also include a fastener 526 having a head
portion 528 operable to latch against a top surface 530 of the offset portion 518. The fastener
526 may also have a body portion 532 operable to be received in the 516 opening of the rod
connection element 512. In an embodiment, a rotation of the fastener 526 may be operable to
effect: a) a translation of the rod connection element 512 upwardly towards the top surface 530
of the offset portion 508; and b) a compression of the tapered flexible lower portion 518 of the
rod connection element against an inner wall 524 of the offset portion 508 of the linking element
502. The compression of the tapered flexible lower portion 518 may be operable to substantially
fix the linking element 502 in a rotational orientation relative to the rod connection element 512
about the first longitudinal axis 510 and substantially fix the rod in a longitudinal position
relative to the rod connection element 512.

-10-
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In operation, a construct rod (not shown) may be already implanted in a surgical site, and
the rod connection element 512 is snapped onto the construct rod (not shown). The upper
portion 514 of the rod connection element 512 may be received in the aperture 506 of the linking
element 502, and the end portion 504 of the linking element 502 is passed thru a pedicle screw
slot (not shown). A set screw (not shown) may be provisionally added to the pedicle screw to
keep the linking element 502 in place while still enabling some movement. The fastener 526
may be provisionally tightened to secure the rod in the rod connection element 512. As the
fastener 526 is tightened, the rod connection element 512 is drawn up into the aperture 506,
where the tapered flexible lower portion 518 of the rod connection element 512 is compressed by
the aperture 506’s chamfered surface. This action initiates rod clamping while simultaneously
clamping the relative rotational position of the linking element 502 to the rod connection element
512. The pedicle screw set screw may then be tightened to secure the linking element 502 to the

pedicle screw.

It is to be appreciated that while the connector system 500 is constructed differently from
the connector system 100, the above discussed benefits allowed by the configuration of the
connector system 100, including an additional degree of rotation and ease of attachment, may be

realized by the connector system 500.

While various embodiments in accordance with the principles disclosed herein have been
described above, it should be understood that they have been presented by way of example only,
and not limitation. Thus, the breadth and scope of this disclosure should not be limited by any of
the above-described exemplary embodiments, but should be defined only in accordance with any
claims and their equivalents issuing from this disclosure. Furthermore, the above advantages and
features are provided in described embodiments, but shall not limit the application of such issued

claims to processes and structures accomplishing any or all of the above advantages.

-11-
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Additionally, the section headings herein are provided for organizational cues. These
headings shall not limit or characterize the invention(s) set out in any claims that may issue from
this disclosure. Specifically, a description of a technology in the “Background” is not to be
construed as an admission that technology is prior art to any invention(s) in this disclosure.
Furthermore, any reference in this disclosure to “invention” in the singular should not be used to
argue that there is only a single point of novelty in this disclosure. Multiple inventions may be
set forth according to the limitations of the multiple claims issuing from this disclosure, and such
claims accordingly define the invention(s), and their equivalents, that are protected thereby. In
all instances, the scope of such claims shall be considered on their own merits in light of this

disclosure, but should not be constrained by the headings herein.

-12-
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WHAT IS CLAIMED IS:

1. An orthopedic connector system comprising:
a linking element having:
an end portion operable to be connected to a fastening device; and
an aperture defined in an offset portion of the linking element offset from the end
portion, the aperture extending along a first longitudinal axis;

a rod connection element having an upper portion operable to be received in the aperture,
wherein the linking element is operable to rotate about the first longitudinal axis relative to the
rod connection element and comprises:

an opening defined in the upper portion of the rod connection element, the
opening extending longitudinally along and circumferentially about the first longitudinal axis;
and

an elongated slot defined in a lower portion of the rod connection element, the
elongated slot operable to receive a rod therein;

a fastener operable to be received in the opening of the rod connection element, wherein
the fastener is operable to actuate a connection mechanism to substantially fix the linking
element in a rotational orientation relative to the rod connection element about the first
longitudinal axis and substantially fix the rod in a longitudinal position relative to the rod

connection element.

2. The connector system of claim 1, wherein the connection mechanism comprises:

a first compression force exerted by the fastener on the upper portion of the rod
connection element against an inner wall of the offset portion to substantially fix the linking
element in a rotational orientation relative to the rod connection element about the first
longitudinal axis; and

a second compression force exerted by the fastener on the rod against the elongated slot

to substantially fix the rod in a longitudinal position relative to the elongated slot.

3. The connector system of claim 2, wherein the upper portion of the rod connection
mechanism and the offset portion of the linking element comprise mating ridges defined therein,

and the first compression force is operable to allow the mating ridges to engage each other.

4. The connector system of claim 1, wherein the offset portion of the linking element
comprises a ring disposed in a groove defined in an inner wall of the offset portion linking
element, and the ring is operable to snaps into a mating groove defined in the upper portion of

the rod connection element.

-13-
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5. The connector system of claim 4, wherein the groove has a larger diameter than a
diameter of the ring such that the ring is operable to expand into the groove as the linking

element is placed over the rod connection element.

6. The connector system of claim 1, wherein the upper portion of the rod connection
element comprises outer recessed areas defined therein and extending circumferentially, the
outer recessed areas operable to mate with an inner wall of the offset portion of the linking

element.

7. The connector system of claim 1, wherein the elongated slot is configured to have an

undercut geometry that mates with a geometric profile of the rod.

8. The connector system of claim 7, wherein the rod connection element comprises a latch

proximate to the elongated slot.
0. The connector system of claim 1, wherein the fastener comprises a set screw.

10. The connector system of claim 1, wherein the rod connection element comprises tapering

tabs extending upwardly from the upper portion of the rod connection element. 200.

11. The connector system of claim 1, wherein the tabs are operable to guide the linking

element down to the upper portion of the rod connection element for engagement.
12. The connector system of claim 1, wherein the tabs are operable to be broken off.

13. An orthopedic connector system comprising:
a linking element having:
an end portion operable to be connected to a fastening device; and
an aperture defined in an offset portion of the linking element offset from the end
portion, the aperture extending along a first longitudinal axis;

a rod connection element having an upper portion operable to be received in the aperture,
wherein the linking element is operable to rotate about the first longitudinal axis relative to the
rod connection element and comprises:

an opening defined in the upper portion of the rod connection element, the
opening extending longitudinally along and circumferentially about the first longitudinal axis;
and

a tapered flexible lower portion operable to clamp onto a rod;

a fastener operable to be received in the opening of the rod connection element, wherein
a rotation of the fastener is operable to effect a translation of the rod connection element

upwardly towards a top surface of the offset portion and a compression of the tapered flexible

-14-
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lower portion of the rod connection element against an inner wall of the offset portion of the
linking element, the compression operable to substantially fix the linking element in a rotational
orientation relative to the rod connection element about the first longitudinal axis and

substantially fix the rod in a longitudinal position relative to the rod connection element.

14. The orthopedic connector system of claim 13, wherein the fastener comprises a head
portion operable to latch against the top surface of the offset portion and a body portion operable

to be received in the opening of the rod connection element.

15. A method of assembling a connector system for connecting a medical fastener to a rod in
an offset orientation, comprising:
connecting a rod connection element to a rod;
providing a linking element having:
an end portion operable to be connected to a fastening device; and
an aperture defined in an offset portion of the linking element offset from the end
portion, the aperture extending along a first longitudinal axis;
connecting the linking element to the rod connection element such that an upper portion
of the rod connection element is disposed in the aperture;
positioning the linking element in a rotational orientation about the first longitudinal axis
relative to the rod connection element ;
disposing a fastener in an opening defined in the upper portion of the rod connection
element, the opening extending longitudinally along and circumferentially about the first
longitudinal axis; and
rotating the fastener to substantially fix the rotational orientation of the linking element
relative to the rod connection element and substantially fix the rod in a longitudinal position

relative to the rod connection element.

16. The method of claim 15, wherein rotating the fastener causes:

a first compression force exerted by the fastener on the upper portion of the rod
connection element against an inner wall of the offset portion to substantially fix the rotational
orientation of the linking element relative to the rod connection element about the first
longitudinal axis; and

a second compression force exerted by the fastener on the rod against an elongated slot of
the rod connection element to substantially fix the rod in a longitudinal position relative to the

elongated slot.

-15-
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17. The method of claim 15, wherein the rod connection element comprises a tapered flexible
lower portion operable to clamp onto a rod, and the fastener comprising:

a head portion operable to latch against a top surface of the offset portion; and

a body portion operable to be received in the upper opening of the rod connection
element; and

wherein rotating the fastener causes a translation of the rod connection element upwardly
towards the top surface of the offset portion and a compression of the tapered flexible lower
portion of the rod connection element against an inner wall of the offset portion, the compression
operable to substantially fix the rotational orientation of the linking element relative to the rod
connection element and substantially fix the rod in a longitudinal position relative to the rod

connection element.

18. The method of claim 15, wherein disposing an upper portion of a rod connection element

in the aperture is performed before connecting a rod to the rod connection element.

19. The method of claim 15, wherein disposing an upper portion of a rod connection element

in the aperture is performed after connecting a rod to the rod connection element.

20. The method of claim 15, wherein the fastener comprises a set screw.
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