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AUTOMATIC LENGTHENING BONE FIXATION DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and the benefit of, U.S. Provisional Application
Ser. No. 61/063,942, filed on February 7, 2008, U.S. Provisional Application Ser. No.
61/063,943, filed on February 7, 2008, and U.S. Provisional Ser. No. 61/188,089, filed on
August 6, 2008. The disclosures of each of these prior applications are incorporated herein
by reference in their entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a device for use in orthopedic spine surgery. In
particular, the present disclosure relates to a device for fixating a bone that is able to lengthen
in response to bone growth.

2. Background of Related Art

[0003] The human spine is comprised of thirty-three vertebrae at birth and twenty-four as a
mature adult. The vertebra includes the vertebral body and posterior elements, including the
spinous process, transverse processes, facet joints, laminae, and pedicles. The vertebral body
consists of a cortical shell surrounding a cancellous center. Between each pair of vertebrae is
an intervertebral disc, which maintains the space between adjacent vertebrae and acts as a
cushion under compressive, bending and rotational loads and motions. A healthy
intervertebral disc consists mostly of water in the nucleus pulposus, which is the center
portion of the disc. The water content gives the nucleus a spongy quality and allows it to
absorb spinal stresses.

[0004] Scoliosis is a medical condition in which the spine is curved from side to side or front

to back and may also be rotated about its long axis. Typical treatment involves observation
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in order to determine the rate of progression and external bracing to help ensure any future
growth of the spine follows the desired path and orientation.

[0005] Surgical adjustment is warranted when the likelihood of curve or rotation progression
is high or if a significant amount of pain or other general health risks are experienced. In
these instances, a spinal fusion of various segments may be performed in order to stabilize the
scoliotic curve. In younger patients, performing a spinal fusion is less desirable since it will
interfere with the normal growth of an individual.

[0006] Growing rods have been developed to minimize the effect on the normal growth of
younger patients undergoing such procedures. Growing rods provide structure, stability, and
correction to the spine while allowing the rod to lengthen without the need for replacing or
adding devices to the original construct.

[0007] A major disadvantage of the currently available growing rod systems is that they
require a surgical procedure for manually increasing the length of the rod, usually by
loosening one or more set screws, providing distraction between two rod segments, and then
re-tightening. One system that works this way and is currently being marketed today is the
ISOLA® by DePuy Spine, Inc. Systems such as this require a surgical procedure
approximately every six months for several years. Other systems include a second device to
cause the rod or construct to lengthen when an operator uses a type of telemetry to activate
the device. This type of system requires an additional level of complexity using active
elements and possibly some type of power source. The currently available devices do not
passively allow growing rods to lengthen as the spine grows while maintaining structure and
stability.

SUMMARY

[0008] Disclosed herein is a bone fixation device adapted for attachment to a growing bone

such that the bone fixation device does not require post-installation adjustment.



WO 2009/100429 PCT/US2009/033553

[0009] In an embodiment, the bone fixation device includes a housing having an aperture, a
rod insertable into the aperture, and a locking mechanism operably associated with the
housing, the locking mechanism allowing relative movement of the rod and housing in a first
direction and inhibiting relative movement of the rod and the housing in a second direction.
The rod is attachable to a bone of a patient, via a bone anchor, such that the rod passively
translates relative to the housing in response to growth of the patient without necessitating
post installation adjustment.

[0010] In a further embodiment, the locking mechanism may include a through hole having a
first section of a generally constant diameter and a second section adjacent to the first section
that tapers to a smaller diameter. The locking mechanism may include a split ring having a
variable inner diameter corresponding to the diameter of the through hole and a spring
element applying a force to the split ring in the direction of the smaller diameter where the
rod is positioned within the split ring.

[0011] In another embodiment, the locking mechanism includes a through hole that is
partially opened such that a rod inserted therein is engagable with a cam that is rotationally
biased in one direction and has a surface that is configured and dimensioned to inhibit
translation of the rod relative to the housing in one direction and allowing for translation of
the rod relative to the housing in an opposite direction.

[0012] In yet another embodiment, the locking mechanism includes at least one plate
including an aperture for receiving the rod therethrough, the plate having a rotational bias in
one direction such that the plate impedes translation of the rod relative to the housing in one
direction and allowing for translation of the rod relative to the housing in an opposite

direction.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Embodiments of the present disclosure are described herein with reference to the
accompanying drawings, wherein:

[0014] Fig. 1A is an isometric view of a bone fixation device with a first distance between a
pair of pedicle screws;

[0015] Fig. 1B is an isometric view of the bone fixation device of Fig. 1A with a second
distance between the pair of pedicle screws;

[0016] Fig. 2 is a top cross sectional view of a housing;

[0017] Fig. 3A is an isometric view of a locking mechanism;

[0018] Fig. 3B is an exploded view of the locking mechanism of Fig. 3A;

[0019] Fig. 4A is a cross sectional view of the locking mechanism of Fig. 3A in a locked
state;

[0020] Fig. 4B is a cross sectional view of the locking mechanism of Fig. 3A in an unlocked
state;

[0021] Fig. SA is an exploded view of another embodiment of a bone fixation device;
[0022] Fig. 5B is an assembled view of the bone fixation device of Fig. 5A;

[0023] Fig. 5C is a cross sectional view of the bone fixation device of Fig. 5B;

[0024] Fig. 6A is an isometric view of another embodiment of a bone fixation device with a
first distance between a pair of pedicle screws;

[0025] Fig. 6B is an isometric view of the bone fixation device of Fig. 6A with a second
distance between the pair of pedicle screws;

[0026] Fig. 7A is a fully exploded isometric view of a locking mechanism of the bone
fixation device of Figs. 6A-B;

[0027] Fig. 7B is an isometric view of the locking mechanism of Fig. 7A with the cover

removed;
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[0028] Fig. 8 is a top cross sectional view of the locking mechanism of Fig. 7A with rods
inserted therein;

[0029] Fig. 9A is an isometric view of another embodiment of a bone fixation device with a
first distance between a pair of pedicle screws;

[0030] Fig. 9B is an isometric view of the bone fixation device of Fig. 9A with a second
distance between the pair of pedicle screws;

[0031] Fig. 10 is an isometric view of another embodiment of a bone fixation device;
[0032] Fig. 11 is an isometric view of another embodiment of a bone fixation device;
[0033] Fig. 12A is an exploded view of the bone fixation device of Fig. 9A;

[0034] Fig. 12B is top cross sectional view of the bone fixation device of Fig. 12A;

[0035] Fig. 13A is an isometric view of another embodiment of a bone fixation device;
[0036] Fig. 13B is a partially exploded isometric view of the bone fixation device of Fig.
13A;

[0037] Fig. 14A is an isometric view of a further embodiment of a bone fixation device;
[0038] Fig. 14B is an exploded view of the bone fixation device of Fig, 14A;

[0039] Fig. 14C is a front view of the bone fixation device of Fig. 14A;

[0040] Fig. 15 is an isometric view of a spinal construct with the bone fixation device of Fig
14A, a plurality of rods, and a plurality of screws;

[0041] Fig. 16A is an isometric view of an alternate embodiment of a bone fixation device;
[0042] Fig. 16B is an exploded view of the bone fixation device of Fig. 16A;

[0043] Fig. 17 is an isometric view of a spinal construct with the bone fixation device of Fig.
16A, arod, and a plurality of screws;

[0044] Fig. 18A is an isometric view of a further embodiment of a bone fixation device;

[0045] Fig. 18B is an exploded view of the bone fixation device of Fig. 18A; and
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[0046] Fig. 19 is an isometric view of a spinal construct with the bone fixation device of Fig.
18A, arod, and a plurality of screws.

DETAILED DESCRIPTION

[0047] Particular embodiments of the present disclosure will be described herein with
reference to the accompanying drawings. In the following description, well-known functions
or constructions are not described in detail to avoid obscuring the present disclosure in
unnecessary detail. As shown in the drawings and as described throughout the following
descriptions, and as is traditional when referring to relative positioning on an object, the term
“proximal,” will refer to the end of a device or system that is closest to the operator, while the
term “distal” will refer to the end of the device or system that is farthest from the operator. In
addition, the term “cephalad” is used in this application to indicate a direction toward a
patient’s head, whereas the term “caudad” indicates a direction toward the patient’s feet.
Further still, for purposes of this application, the term “medial” indicates a direction toward a
side of the body of the patient, i.e., away from the middle of the body of the patient, while the
term “lateral” indicates a direction toward a side of the body of the patient (i.e., away from
the middle of the body of the patient).. The term “posterior” indicates a direction towards the
patient’s back, and the term “anterior” indicates a direction toward the patient’s front.

[0048] Embodiments of a bone fixation device having a locking mechanism adapted for
passively accommodating bone growth without the need for post installation adjustment will
now be described with reference to Figs. 1A to 13B.

[0049] A first embodiment of a bone fixation device 100A will now be described with
reference to Figs. 1A to 4B. The bone fixation device 100A is shown in Figs. 1A and 1B
illustrating a first distance between bone screws (Fig. 1A) and a second distance between
bone screws (Fig. 1B). The bone fixation device 100A includes a locking mechanism 10A

including two parallel through holes 12 adapted to receive rods R1, R2 therein. Each rod R1,
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R2 is adapted to be coupled to a bone screw S1, S2 that is implantable into a bone (not
shown) or vertebral body. As shown, the bone fixation device 100A is configured for
attachment to two rods R1, R2 which are disposed between screws S1, S2 which may be
coupled to two vertebral bodies, although the disclosed embodiments of the bone fixation
device may be used for coupling a varying number of screws or vertebral bodies. As the
distance between the selected vertebral bodies increases (e.g., due to patient growth), a force
is exerted on the bone screws S1, S2 to move them away from one another. In response to
this force, the rods R1, R2 translate through the locking mechanism 10A and the bone
fixation device 100A allows the distance between the pedicle screws S1, S2 to increase from
a first distance (Fig. 1A) to a second distance (Fig. 1B). As shown in Fig. 1B, as the bone
screws S1, S2 are moved away from each other, rod R1 moves through the locking
mechanism 10A in the direction indicated by arrow B. Similarly, rod R2 moves through the
locking mechanism 10A in the direction indicated by arrow A. The presently disclosed bone
fixation device 100A forms an implantable spinal construct when assembled with the bone
screws S1, S2 and the rods R1, R2 as shown in Figs. 1A and 1B.

[0050] As seen in Fig. 2, each through hole 12 within a housing 1000 includes an opening
12a which leads to a tapered section 102 having a diameter that gradually increases until
reaching a section 101 having a generally constant diameter. Each through hole 12 houses a
split ring 10 and a spring element 11 that is held in place therein by a cap 11a, as shown in
Figs. 3A and 3B.

[0051] The locking mechanism 10A has a locked state (Fig. 4A) and an unlocked state (Fig.
4B). The following discussion addresses only one of the rods R1, R2 and the description of
the operation of the locking mechanism is applicable to both rods R1, R2. The spring
element 11 applies a constant force to the split ring 10 in a direction towards an opening 12a

along the tapered section 102 towards a smaller diameter section of the through hole 12. The
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split ring 10 has a variable diameter corresponding to the position of the split ring 10 along
the tapered section 102. The rod R1 is positioned within the split ring 10 and the spring
element 11. As the split ring 10 translates to an area of the tapered section 102 having a
decreased diameter, the split ring 10 applies a circumferential, frictional force to the rod R1
inhibiting translation of the rod R1 in the direction of arrow A, as shown in Fig. 4A.
Alternatively, when a force is applied to the rod R1 to counteract the force applied by the
spring element 11, the split ring 10 translates to an area of the tapered section 102 having an
increased diameter thereby permitting the split ring 10 to expand and correspondingly reduce
the circumferential, frictional force applied by the split ring 10 to the rod R1 positioned
within the split ring 10. Upon the reduction of the circumferential, frictional force between
the split ring 10 and the rod R1, the rod R1 may translate freely in the direction of arrow B as
shown in Fig. 4B. The rod R1 is capable of translation in only one direction since application
of a force translating the rod R1 in the direction of opening 12a will engage the locking
mechanism, as shown in Fig. 4A. As such, the bone fixation device 100A is capable of
passively allowing the distance or space between a pair of pedicle screws S1, S2 (Figs. 1A
and 1B) to increase in response to a patient’s growth without physician adjustment or
intervention. Once the bone fixation device 100A allows translation of the rods R1, R2 in a
direction that increases the spacing between the pedicle screws S1, S2, the locking
mechanism 10A resists shortening of the overall construct or movement of the pedicle screws
S1, S2 towards each other. More specifically, as the distance between the pedicle screws S1,
S2 increases, rod R1 translates through the locking mechanism 10A in the direction of arrow
B, while rod R2 translates through the locking mechanism in the direction of arrow A.

[0052] A bone fixation device 100B will now be described with reference to Figs. 5A to 5C.
The following discussion addresses only one of the rods R1, R2 and the description of the

operation of the locking mechanism is applicable to both rods R1, R2. The bone fixation
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device 100B includes a locking mechanism 10B that functions substantially similarly to the
locking mechanism 10A of the bone fixation device 100A in that the locking mechanism 10B
includes a through hole 2 housing the split ring 10 and the spring element 11, held in place by
the cap 11a, and is adapted to receive the rod R1 therein in a locked and an unlocked state
depending upon the direction of the force applied to the rod R1. It is contemplated that the
spring element 11 and the cap 11a may be formed as a unitary structure. Instead of having
two parallel through holes, as does locking mechanism 10A, the locking mechanism 10B has
a single through hole 2 adapted to receive two rods R1, R2 co-linearly therein. Beginning at
each end 2a and 2b of the through hole 2 is a section 101b having a generally constant
diameter until reaching a tapered section 102b having a diameter that gradually decreases.
The spring element 11 applies a constant force to the split ring 10 in a direction toward the
smaller end of the tapered section 102b such that the split ring 10 is moved toward a smaller
diameter section of the through hole 2 such that the split ring 10 compresses around the rod
R1 inserted therein, inhibiting translation of the rod R1 in the direction indicated by arrow A.
Alternatively, application of a force to the rods R1, R2 in a direction that would lengthen the
construct by moving the rod segments apart from each other (i.e. rod R1 in the direction of
arrow B and rod R2 in the direction of arrow A), bone fixation device 100B causes the split
ring 10 to move to a section of the through hole 2 having a larger diameter thereby reducing
the frictional force between the rods R1, R2 and the split rings 10 allowing for translation of
the rods R1, R2 therein, wherein rod R1 translates in the direction indicated by arrow B and
rod R1 translates in the direction indicated by arrow A. Similar to the previously disclosed
bone fixation device 100A, bone fixation device 100B forms an implantable spinal construct
when assembled with bone screws and rods.

[0053] A bone fixation device 200 will now be described with reference to Figs. 6A to 8.

The bone fixation device 200 includes a locking mechanism 201 including two parallel
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through holes 26 adapted to receive rods R1, R2 that are coupled to bone screws S1, 52
implantable into a bone (not shown). The locking mechanism 201 is configured and
dimensioned to permit passive translation, i.e., without post-installation adjustment or
surgical intervention, of the rods R1, R2 in only one direction, i.e., in the direction of growing
bone, while inhibiting translation in an opposite direction. In particular, similar to the
previously disclosed locking mechanisms, the locking mechanism 201 allows rod R1 to move
in the direction of arrow B and rod R2 to move in the direction of arrow A, while inhibiting
motion of the rods R1, R2 in the opposing direction. For example, the construct including
bone fixation device 200 may be installed such that a first distance is defined between a pair
of pedicle screws S1, S2, as shown in Fig. 6A, and allows movement of the rods R1, R2 in
response to bone growth or a change in the spacing between the bones such that a second
distance is defined between the pair of pedicle screws S1, S2 as shown in Fig. 6B. As with
the previous embodiment of the bone fixation device 100, bone fixation device 200 allows a
change in the spacing between the pedicle screws S1, S2 without requiring physician
intervention and also forms an implantable spinal construct when assembled with the bone
screws S1, S2 and the rods R1, R2 as shown in Figs. 6A and 6B. .

[0054] The through holes 26 are generally open with the exception of a closed section 26a
adapted to stabilize the rods R1, R2 inserted therein. Located between the two parallel
through holes 26 is a locking assembly 202, shown with parts separated in Fig. 7A. The
locking assembly 202 includes a cam 20 having two generally opposite cam surfaces 20a and
20b. The cam surface 20a has a rounded section 20c and a pointed section 20d, as shown in
Fig. 8. Similarly, the cam surface 20b has a rounded section 20f and a pointed section 20e.
Adjacent to and in contact with the cam 20 are spring elements 22 held in place by posts 21.
The spring elements 22 provide an opposing biasing force to the cam 20 resulting in a

rotational force being applied to the cam 20 such the rounded sections 20c and 20f of the cam
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surfaces 20b and 20a, respectively, engage the rods R1, R2 that are positioned within the
through holes 26, to thereby inhibit translation of the rods R1, R2 therein. Application of a
force to translate the rods R1, R2 in a direction opposite and counteracting the rotation of the
cam 20, causes the rods R1, R2 to engage the rounded sections 20c¢ and 20f of the cam 20.
As the rods R1, R2 engage the rounded sections 20c and 20f of the cam 20, the cam 20
rotates thereby increasing the frictional engagement of the rods R1, R2 and the rounded
sections 20c and 20f of the cam 20. Thus, as the rods R1, R2 attempt to move toward each
other (i.e. rod R1 in the direction of arrow A and rod R2 in the direction of arrow B), the
frictional engagement between the rods R1, R2 and the rounded sections 20c¢, 20f inhibit such
motion. When the rods R1, R2 are moved away from each other (i.e. rod R1 in the direction
of arrow B and rod R2 in the direction of arrow A), the cam 20 rotates in an opposite
direction and overcomes the bias applied to the cam 20 by the spring elements 22 such that
the rounded sections 20c, 20f disengage from the surfaces of the rods R1, R2 and allow the
rods R1, R2 to move. Thus, the locking mechanism 201 allows the rods R1, R2 to move
away from each other, thereby increasing the distance between the pair of pedicle screws S1,
S2 (FIG. 6B) and inhibits the rods R1, R2 from moving towards each other for maintaining
the distance between the pair of pedicle screws S1, S2.

[0055] To assist with installation of the bone fixation device 200, a clinician may manually
rotate the cam 20 by utilizing a slot 25 in the surface of the cam 20 such that the rounded
sections 20c and 20f do not engage the rods R1, R2 such that the rods R1, R2 may freely
rotate. Additionally, a cover 18 is removable allowing a physician to view the inside of the
locking mechanism 201.

[0056] In another embodiment, a bone fixation device 301 is disclosed and will now be
described with reference to Figs. 9A-9B. Similar to the previously disclosed bone fixation

devices, the bone fixation device 301 is adapted for allowing rod R1 to move in the direction
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of arrow A and inhibiting the movement of rod R1 in the opposing direction. In particular,
bone fixation device 301 in combination with rod R1 defines a first distance between a pair of
pedicle screws S1, S2 (FIG. 9A). In response to bone growth, the bone fixation device 301
allows the rod R1 to move in the direction of arrow A without physician intervention such
that a second distance between the pair of pedicle screws S1, S2 is defined (FIG. 9B). Bone
fixation devices 302 and 303, as shown in Figs. 10 and 11, utilize substantially the same
locking mechanism as will be described with reference to the bone fixation device 301,
differing only in configuration. Bone fixation devices 302 and 303 are configured and
adapted to work with rods R1, R2. The bone fixation devices 302 and 303 are two such
examples of alternate configurations. The bone fixation device 302 includes a housing 315
having two parallel through holes 302a adapted to receive rods R1, R2 therein (Fig. 10). The
bone fixation device 303 includes a housing 320 having two parallel through holes 303a
adapted to receive rods R1, R2 therein (Fig. 11). Within each of the through holes 302a,
303a of the bone fixation devices 302, 303 is a locking assembly 310, as shown in Fig. 12A,
to permit translation of the rods R1, R2 in only one direction. Similar to the previously
disclosed bone fixation devices, bone fixation devices 301, 302, and 303 form implantable
spinal constructs when assembled with bone screws S1, S2 and rods R1, R2 as shown in Figs.
9A-11.

[0057] Figs. 9A-11 disclose several embodiments of a particular theme of the bone fixation
device. Figs. 9A-9B depict an in-line device with a reduced overall profile. By providing
bone fixation devices with a reduced overall profile, the presently disclosed bone fixation
devices are suitable for use in procedures with infants, children, and other persons having a
small physique. Additionally, the reduced profile of the bone fixation devices is critical in
reducing the likelihood of infection, reducing tissue irritation, and minimizing device

protrusion on the backside of a patient. Current devices can be felt and are extremely
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noticeable when not covered by clothing and are aesthetically very undesirable. Since the
presently disclosed bone fixations devices 301, 302, 303 are designed to be used with existing
pedicle screws, the outer diameter of the posts 301b, 302¢, 303c is substantially identical to
the outside diameter of a spine rod that would be coupled to pedicle screw S1. A minimum
wall thickness of posts 301b, 302¢, 303¢ must be maintained so that bone fixation devices
301, 302, 303 do not fail under load. Therefore, the inner diameter of posts 301b, 302¢, 303¢
is reduced such that a smaller diameter rod is used in conjunction with bone fixation devices
301, 302, 303. The smaller diameter rod has a reduced strength in comparison to a larger
diameter (i.e. standard rod) rod. The material of the rod can be changed, but in some
instances, even with a change in material from, for example, Ti-6A1-4V to CoCr, the rod
diameter must remain the same or be larger in order to maintain the desired strength of the
rod. In this case, bone fixation devices 302, 303 that are shown in Figs. 10 and 11, allow
bone fixation devices 302, 303 to be fixed to screw S1, as opposed to floating (e.g. Figs. 1-8)
and accommodate a spinal rod with an outside diameter that mates with a typical pedicle
screw. When using any of the “inline” devices disclosed herein, a reduction of spinal rod
diameter is necessary. Still, a portion of the spinal rod is still rigidly fixed to one or more
pedicle screws and in order for the two to mate, a split sleeve 40 has been designed. Split
sleeve 40 acts like a bushing and has an outer diameter matching the pedicle screw and an
inner diameter matching the spinal rod. Split sleeve 40 is made from a more malleable
material which will deform more, under load, for securely locking the spinal rod.
Furthermore, the device of Figs. 9A-9B will not accommodate a curved rod to pass through
since a substantial length of the device is straight.

[0058] All spinal rods used in conjunction with the disclosed bone fixation devices may
include a stop portion 317 (Fig. 9A) for preventing the rod from translating completely

through the bone fixation device. Stop portion 317 may be formed by swaging an end of the
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rod, in situ, but other structures, such as but not limited to collars, clamps, diametrical
increases, etc. may be employed. The embodiment in Fig. 13 is a variation of Fig. 9A
wherein the device is in-line, as opposed to offset (Figs. 10 and 11) and provides a
telescoping arrangement between the spinal rod and the bone fixation device rather than an
arrangement for a spinal rod to translate through the bone fixation device. The embodiment
of Fig. 13 provides an arrangement for a spinal rod which inhibits rotation of the spinal rod
about its long axis. Inhibiting rotation of the spinal rod about its long axis is important in
preventing the rotation of the spine otherwise known as the “crankshaft” phenomena.

[0059] The locking mechanism 301 will now be described in greater detail. The locking
mechanism 301 includes a post 301b that is adapted to couple to a bone screw S2. A through
hole 301a within the post 301b is adapted to receive the rod R1 therein. The rod R1 passes
through the entire locking mechanism 301 and includes a sleeve 40 positioned on the rod R1
at a distal end thereof such that the bone screw S1 can be coupled to the sleeve 40.

[0060] As seen in Fig. 12A, the locking mechanism 301 includes the locking assembly 310.
The locking assembly 310 includes one or more ring plates 306, each having an aperture
3064, the ring plate 306 positioned adjacent to a spring element 308. The assembly 310 is
held within the locking mechanism 301 by an end cap 305 that includes an aperture 305a.
Each of the apertures 301a, 306a, and 305a are aligned such that the rod R1 may be
positioned within the apertures 301a, 306a, and 305a.

[0061] As seen in Fig. 12B, the ring plates 303 are held in place by a post 307 at one end
303c while a constant force is applied to a second end 303b by the spring element 308,
thereby rotating the ring plates 303 until the second end 303b is prevented from further
rotating by a surface 303d of the locking mechanism 301. When the rod R1 is positioned
within the aperture 303a of the ring plate 303, the aperture 303a exerts a frictional force that

inhibits translation of the rod R1 therethrough. By moving the rod R1 such that the rod R1
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applies a force to counteract the force applied by the spring element 308 (i.e., by translating
rod R1 in the direction of arrow A in Fig. 12B) the ring plates 303 rotate in a direction to
reduce the frictional force between the aperture 303a and the rod R1, thereby permitting
translation of the rod R1 therethrough. Should a physician desire to permit the manual
translation of the rod R1 in either direction, he may depress the ring plates 303 by utilizing an
aperture 312 in the locking mechanism 301.

[0062] A similar concept to the locking assembly 310 is utilized in a bone fixation device
300D that will now be described with reference to Figs. 13A and 13B. The bone fixation
device 300D includes locking mechanism 304 that is configured and dimensioned to permit
passive translation without post-installation adjustment of a rod T in only one direction, i.e.,
in a direction corresponding to the lengthening of a bone. This corresponds to the direction
indicated by arrow A. The locking mechanism 304 includes a housing 320 that has an
aperture 324 adapted to receive a rod T therein and has a post 323. Both the rod T and the
post 323 are attachable to one or more bone screws S. Within the housing 320 are one or
more rod plates 320 positioned adjacent to a spring element 321 that rotate the rod plates 320.
The rod T may have a generally rectangular cross section. The rod plates 320 have tabs 320a
and 320b that frictionally engage a surface of the rod T to inhibit translation of the rod T. As
the rod T is moved in a direction that is opposite to the rotation of the rod plates 320 imparted
by the spring element 321, the frictional force between tabs 320a and 320b and the rod T is
lessened and the rod T translates through the aperture 324.

[0063] In a further embodiment of the presently disclosed bone fixation device, bone fixation
device 400 is illustrated in Figs. 14A-14C. Bone fixation device 400 includes an upper arm
410 and a lower arm 420. Upper arm 410 includes an orifice 404 for receiving a screw 402
therein. Upper arm 410 and lower arm 420 are joined together at one end while the opposing

end is open, thereby allowing upper arm 410 to flex towards and away from lower arm 420
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and vice versa. At the open end of bone fixation device 400, a channel 430 is defined by
inner surfaces 412, 422. Channel 430 is substantially open at one end and is adapted for
accommodating rods of varying diameters. When a rod is inserted in channel 430, either
through the open end or slidably through channel 430 along the long axis of the rod, upper
and lower arms 410, 420 are approximated towards each other by tightening screw 402 such
that the rod is securely affixed to bone fixation device 400. Bone fixation device includes
orifices 442, 444 in opposing sidewalls that are disposed in the vicinity of a chamber 436. A
pin 408 is insertable through orifices 442, 444.

[0064] At the opposing end of bone fixation device 400, a passage 440 extends through bone
fixation device 400 and is adapted for slidably receiving a rod R3 (Fig. 15). As depicted, rod
R3 has flat top and bottom surfaces with curved side surfaces (Fig. 15). Passage 440 has a
geometric configuration that is complementary to the geometry of rod R3 with an overall
inner diameter that is slightly greater than the outer diameter of rod R3 which minimized
“crankshafting” of the rod R3 with respect to the bone fixation device 400 or the assembled
construct. Additionally, a locking mechanism 450 is disposed in chamber 436 of bone
fixation device 400. Locking mechanism 450 includes one or more ring plates 452. Each
ring plate 452 includes a through hole 456, an opening 454, and a spring member 458. When
locking mechanism 450 is positioned within chamber 436, a bore 459 of spring member 458
is aligned with opening 454 and orifices 442, 444. Once these are aligned, pin 408 is inserted
therethrough and secures locking mechanism 450 within chamber 436 since pin 408 passes
through orifice 442, bore 459 of spring member 458, opening 454, and orifice 444. Spring
member 458 biases ring plate 452 in a first direction shown as arrow B in Fig. 14A. Since
ring plate 452 is biased by spring member 458, passage 440 is substantially aligned with
through hole 456 and the openings of passage 440 such that rod R3 is repositionable through

bone fixation device 400 in the direction indicated by arrow A. When rod R3 attempts to
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move in an opposing direction, indicated by arrow B, frictional engagement between an outer
surface of rod R3 and an inner surface of through hole 456 overcomes the bias of spring
member 458 and repositions ring plate 452 in the direction indicated by arrow A. When
repositioned, through hole 456 is out of alignment with passage 440 (i.e. askew with respect
to a longitudinal axis extending through passage 440), thereby increasing the frictional
engagement between through hole 456 and the outer surface of rod R3. Thus, locking
mechanism 450 allows relative movement between bone fixation device 400 and rod R3 in
the direction indicated by arrow A, while inhibiting relative movement between bone fixation
device 400 and rod R3 in the direction indicated by arrow B. In particular, the dimensions of
passage 440 of bone fixation device 400 are greater than the dimensions of through hole 456
of ring plate 452. This arrangement allows a curved rod to pass through ring plate 452 and
passage 440, since the device’s run on rod R3 is a short distance.

[0065] Additionally, a bone fixation device 401 may have the orientation of the locking
mechanism 450 reversed. Thus, spring member 458 biases ring plate 452 in the direction
indicated by arrow A. In this alternate configuration, rod R3 is repositionable relative to
bone fixation device 401 in the direction indicated by arrow B and is inhibited from moving
relative to bone fixation device 401 in the direction indicated by arrow A (Fig. 15).

[0066] Bone fixation devices 400, 401 form part of a surgical construct as illustrated in Fig.
15. As shown, bone fixation devices 400, 401 are operably coupled to arod R1 that is
inserted through channel 430 and secured therein by tightening screw 402. Rod R1 spans a
pair of pedicle screws S1, S2 and defines an anchor location for bone fixation devices 400,
401. Rod R3 is inserted through bone fixation devices 400, 401 via passage 440. In the
illustrated embodiment, multiple bone fixation devices 400, 401 are utilized along with
corresponding rods R1 and pedicle screws S1, S2. As the spacing between anchor points

along rod R3 increases (e.g. in response to patient growth), rod R3 translates through bone
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fixation device 400 in the direction shown as arrow A and is inhibited from translating
through bone fixation device 400 in the direction shown as arrow A due to the interaction
between rod R3 and locking mechanism 450 as discussed hereinabove. Similarly, rod R3
translates through bone fixation device 401 in the direction of arrow B and is inhibited from
translating through bone fixation device 401 in the direction of arrow A.

[0067] Referring now to Figs. 16A-19, additional embodiments of the presently disclosed
bone fixation device are illustrated and discussed hereinbelow. Bone fixation device 400A
(Figs. 16A-16B) is similar to bone fixation device 400 discussed in detail hereinabove with
like reference characters identifying like components. Bone fixation device 400A includes a
body 405 having a chamber 436 disposed at one end thereof. A locking mechanism 450 is
disposed in chamber 436 and secured in position by pin 408 that extends through orifices
442, 444, bore 459 of spring member 458, and opening 454 of ring plate 452. Rod R3
interacts with bone fixation device 400A in the same manner that it interacts with bone
fixation device 400 as discussed hereinabove. In bone fixation device 400A, extensions 417,
419 are attached to body 405 at an end that is opposite to chamber 436. Extensions 417, 419
are generally round and are adapted for coupling with pedicle screws S1, S2 (Fig. 17).
Additionally, extensions 417, 419 extend from body 405 in a direction that is substantially
parallel to passage 440 and thus rod R3 (Fig. 17).

[0068] As with bone fixation device 400, rod R3 interacts with locking mechanism 450 such
that rod R3 readily translates through bone fixation device 400A in the direction indicated by
arrow B (Fig. 17) and is inhibited from translating relative to bone fixation device 400A in
the direction indicated by arrow A (Fig. 17). Bone fixation device 400A in cooperation with
pedicle screws S1, S2 forms an anchor point for the assembled construct. Each pedicle screw

S1, S2 is attached to a bone structure, such as a vertebral body.
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[0069] A further embodiment of the presently disclosed bone fixation device is illustrated in
Figs. 18A-18B. Bone fixation device 400B is similar to bone fixation device 400 discussed
in detail hereinabove with like reference characters identifying like components and the
differences being noted hereinafter. Bone fixation device 400B includes a body 409 having a
chamber 436 disposed at one end thereof. A locking mechanism 450 is disposed in chamber
436 and secured in position by pin 408 that extends through orifices 442, 444, bore 459 of
spring member 458, and opening 454 of ring plate 452. Rod R3 interacts with bone fixation
device 400B in the same manner that it interacts with bone fixation devices 400, 400A as
discussed hereinabove. In bone fixation device 400B, extension 427 is attached to body 409
at an end that is opposite to chamber 436. Extension 427 is generally round and is adapted
for coupling with pedicle screw S1 (Fig. 19). In this embodiment of the bone fixation device,
extension 427 extends substantially perpendicular to passage 440 and is generally aligned
with chamber 436 such that it is generally orthogonal with respect to rod R3 (Fig. 19).

[0070] As with bone fixation device 400, rod R3 interacts with locking mechanism 450 such
that rod R3 readily translates through bone fixation device 400B in the direction indicated by
arrow B (Fig. 19) and is inhibited from translating relative to bone fixation device 400B in
the direction indicated by arrow A (Fig. 19). Bone fixation device 400B in cooperation with
pedicle screw S1 forms an anchor point for the assembled construct. Each pedicle screw S1
is attached to a bone structure, such as a vertebral body.

[0071] While it is contemplated that the embodiments described herein may be used for
stabilizing any growing bone, including stabilizing the vertebrae of the spine of a patient who
is still growing. Specific examples of bone screws that may be attached to the devices
described herein include the pedicle screws described in U.S. Patent Nos. 5,683,392;
5,733,286; 6,457,021, 7,090,674; U.S. Application Nos. 2007/0093817 and 2008/0027432,

and International App. Ser. Nos. PCT/US08/80668 and PCT/US08/80682.
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[0072) Alternative embodiments of the disclosure contained herein will be apparent to those
skilled in the art. For example, it will be understood that the devices disclosed herein may be
modified while remaining in the spirit of the disclosure. For instance, it is understood that the
disclosed device may be used internally or externally on any bone to provide stabilization

while allowing for bone growth without the need for post-installation adjustment.
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WHAT IS CLAIMED IS:

1. A bone fixation device, comprising;

a housing having an aperture;

a rod insertable into the aperture; and

a locking mechanism operably associated with the housing, the locking mechanism
allowing movement of the rod relative to the housing in a first direction and inhibiting

movement of the rod relative to the housing in a second direction.

2, The bone fixation device of claim 1, wherein the locking mechanism includes:

a through hole including a first section having a first diameter and a second section
adjacent having a second diameter, the first diameter being different from the second
diameter;

a spring element repositionable in the through hole, the spring element having a
diameter greater than the second diameter such that when the rod is translated towards the

second section, the spring element frictionally engages walls of the through hole.

3. The bone fixation device of claim 1, wherein the locking mechanism includes:
a through hole that is partially opened such that a plate impedes translation of the rod
relative to the housing in one direction and allowing for translation of the rod relative to the

housing in an opposite direction.

4. The bone fixation device of claim 1, wherein the locking mechanism includes:
at least one plate including an aperture for receiving the rod therethrough, the plate
having a rotational bias in one direction such that the plate is positioned to inhibit translation

of the rod in one direction while allowing translation of the rod in an opposite direction.
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5. The bone fixation device of claim 1, wherein the housing includes an aperture adapted
to allow access to the locking mechanism therein such that the locking mechanism may

manually be disengaged.

6. The bone fixation device of claim 1, wherein the locking mechanism includes a

plurality of parallel through holes.

7. The bone fixation device of claim 2, wherein the through hole includes a third section
adjacent to the first section, the third section tapering to a diameter smaller than the diameter

of the first section.

8. The bone fixation device of claim 1, wherein the housing further includes a post for

engaging a pedicle screw.

9. The bone fixation device of claim 1, wherein the locking mechanism includes a
rotatable member operably coupled to a spring element such that when the rotatable member
is in a first position, the rod is translatable through the locking mechanism and when the

rotatable member is in a second position, the rod is secured relative to the housing.

10.  The bone fixation device of claim 1, wherein the rod is movable through the aperture

in the first direction.

11.  The bone fixation device of claim 2, wherein the spring element biases a split ring

toward the second section of the through hole.
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12.  The bone fixation device of claim 9, wherein translation of the rod in the first

direction repositions the rotatable member to the first position.

13. The bone fixation device of claim 9, wherein rotatable member transitions from the

second position to the first position when the rod is translated in the second direction.

14. The bone fixation device of claim 2, wherein movement of the rod in the second
direction urges the spring section towards the second section of the through hole such that the

spring section frictionally engages the rod and the through hole.

15. The bone fixation device of claim 1, wherein the housing includes at least one

extension adapted for being coupled to a pedicle screw.

16.  The bone fixation device of claim 1, wherein the housing includes at least one

extension adapted for being coupled to a pedicle screw, the at least one extension oriented

orthogonally with respect to the rod.

17.  The bone fixation device of claim 15, wherein the at least one extension is laterally

spaced from the rod.

18.  The bone fixation device of claim 16, wherein the extension is coupled to a sleeve that

is disposable in the pedicle screw.

19.  The bone fixation device of claim 16, wherein the extension is a sleeve that is

disposable in the pedicle screw.
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