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Flexible Spinal Driver or Drill with a Malleable Core, and/or Fixed Core Radius

BACKGROUND OF THE INVENTION

When performing a spival procedure such as an anterior cervical discectomy
and fusion (ACDF), the surgeon often bas a number of implant options that may
achicve the desived clinical outcomes of disc height maintenance and pain rchief
Because of their clinical berefits, zero-profile fusion cages that accept bone anchors
and are secured to the adjacont avatomy have expericnced an increased usage and
adoption 1 the ACDF procedure. These cages typically have angled boue anchors
{such as scrows) that pass through a portion of the cage’s anterior wall and into the
adiacent vertebral endplates.

However, if a surgeon were o choose a low profile, stand-alone fusion device
{such as a fixation cage comprising one or more bone screws), there remains a surgical
technique challenge associated with the nsertion of the screws.  Traditionally, an
fostrumpent having a straight shaft is used to insert the screws through the cage at the
steep angle to ensure bone penetration. However, screw inscrtion with a straight—shaft
fostrument at Jocations up near a paticnt’s chin or stormum produces some challenging
approach angles. Recently, there have been improvements to the insertion instrument
that help facilitate screw placement at these difficult approach angles.  Some of these
improvements include the adoption of universal joints and flexible inserter instruments
that aliow for torgue transmission while still positioning their handles off-axis from the
trajectory of the screw. For exampie, some fiexibie inserier instrumends achieve
flexibility by possessing a plurality of interlocking segments just proxumal of their
distal working tip. Once the tip of such a flexible driver s inserted into the drill guide,
the handle of the driver can be repositioned to the desired location and torque can be
transmitted to advance the scrow.

However, one of the challenges associated with this flexible technology is that
the flexible shaft is typically straight in its resting configuration. Accordingly, one of
two procedures needs 1o be carded out. In a first procedure, the amount of soft fissue
retraction has to temporarily be increased in order to engage the tip of the driver into
the drill gutde and once engaged, the soft fissue retraction can be minimized again and
the handle can be beld in a desivable position, such as ncar paralicl to the mplant

1
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nserter. In a second procedure, the tip can be inserted into the drill guide at a less steep
angle than the screw trajectory (but not perfectly paralle] to the mserter) and the spring
force of the flex segment has to be overcome m order for the tip to find the drill guide

23

trajectory. Upon this “tumning the comer” step, as a downforce 15 provided, the selt-

5 retention of the screw may become disengaged.

US Published Patent Application No. 2012-0150301 (Garsache) discloses a flexible

bone screw driver comprising: a) 8 proximal handle, b) an intermediate shaft, ¢) a
flexibie distal end portion comprising a plarality of interlocking segments portion and a2

10 distal tip adapted to engage a screw head, and d) a pre-bent sleeve that is placed over
and around the plorality of interlocking scgments, wherein the plurality of interlocking

scgments portion is substantially straight in s unloaded configuration.

SUMBMARY OF THE INVENTION

In order to overcome the issues discussed above, in one aspect of the present
fovention, and now referring to FIGK. 1-3, there is provided an improvemerd on the
flexibic shaft tochmology that has benefus for the patient and the surgeon. The
improvement 18 a bone screw driver having 2 flexible shaft comprising a plurality of

20 interlocking segments carried on a flexible core rod. The flexible shaft allows a
screwdriver handle to be perfectly in-line with the cage inserter if desired, while still
taking advardage of the tactie fecl and torque transmission of the flex segment in its
bent position.  Accordingly, a surgeon can limit the amount of retraction and keep the
driver handle close to the inserter without having to overcome the forces of the flexible

25  segments’ natural straight configuration. The flexible driver can bave geometrics that
allow for flexing, attachment (snapping-ou to a drill), and casy cleaning, if desired.

Therctore, i accordance with the present invention, there is provided a flexible
spinal instruraent comprising:

a) a proximal portion adapted for counection to a bandle or a drill,

30 } an intermediate shaft comprising:

1} a phurahty of tderlocking segmends, each scgment having a throughhole, and

it} a malleable rod extending through the throughhole of each scgment, and

¢} a distal portion having a working tip.
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Preferably, the instrament has a first substantially Inear configuration and a
sccond deformed configuration, wherein the second deformed configoration allows

rotation of the shatt and an application of foree along an axis of the working tip.

5
Also in accordance with the present invention, there is provided an assembly
comprising:
a) a spinal implant comprising a at least one threaded throughhole,
b} a bone screw received in the threaded throughhole, the bone screw having a
10 threaded shaft and a proximal head,
¢} the spinal instrument of claim 1,
wherein the distal tip of the mserter is received in the proximal head of the bone
SCTeW,
wherein the first bone screw extends through the top surface of the cage.
i5
DESCRIPTION OF THE FIGURES
FIG. 1 discloses a perspective view of a portion of the driver of the present inventiou.
20

FIG. 2 discloses a cross-sectional view of a portion of the driver of the present

jnvention.

FIG. 3 discloses the driver of the prescnt jnvention driving a screw ito a fusion cage
25  ioplanted between vertebral bodies.

FIGS. 4-6 disclose embodiments involving a preferred mstrument for holding the driver

of the present invention.

FIGS. 7-9 disclose aliemate embodiment of the driver of the present invention,

30 DETAILED DESCRIPTION OF THE INVENTION

Now referring to FIGS. 1-3, there is provided a flexible bone screw driver

comprising:
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a) a rigid proximal portion 1 adapted for connection to a handie 99 or a drill,
b) an intermediate shaft 2 comprising:
i} a plurahty of interlocking segments 7, each segment having a
throughhole 8, and
5 i1}y  a malleable rod 9 extending through the throughheole of each
segment, and
¢} a distal portion 11 having a working tip 13,
wherein the proximal portion 1s conmected 1o the intermediate shaft, and
wherein the distal portion of the driver is connected to the intermediate shaft.
10
The distal portion of the driver has a distal working tip and a proximal
connection portion 15, In general, the working tip is adapted to perform a function on
a workpiece via rotation. In some embodiments, the working tip of the driver s
adapted to msert bone screws. In others, the working tip of the driver is adapted o dnll
I5  pilot holes. Preferably, the proximal connection portion is adapted for secure
attachment to the distal-most 17 of the interlocking segments. The distal portion of the

driver is generally made of a rigid material such as metals or certain plastics.

The malleable rod can be made of any biocompatible  material that will

20 maintain the desired flexible shape. In some emnbodiments, the flexible rod can be made
from a malleable material sclected from the group consisting of a pelymer or a memory

metal (such as nitinol). The selection of the material and rod diameter should be such

that the rod can be flexed to any angle between about § degrees and 180 degrees. The
malleable rod can be fixed to the proximal and distal portions of the driver, or can float

25  therchetween. When the malicable rod floats within the plurality of interlocking
segmenis, this allows for its casy removal for cleaning. In some embodiments, the
mallcable rod is substantially straight in Us unloaded condition. In others, the
malicable rod carries bas a pre-bent angle in its unloaded condition, therchy pre-
determining the trajectory of the tip and faciitating the appropriate and desived

30 iunsertion angle of the screw into the drifi guide without increasing the amount of tissue
retraction.  In some embodiments, the malleable rod has a distal bearing surface for

rotating the outer section of the driver or drill
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The mterlocking segments can be made of any biocompatible material that will
maintain the desired shape. This can include metals or certain plastics. In some
embodiments, there are between about five and fifteen interlocking segments in the
intermediate shaft. In this range, these segments together allow for the desired smooth

5 bending while retaining simplicity. Each interlocking segments has a throughhole
adapted for reception of the malleable rod, so that when the mterlocking segments are
joined, the malleable rod can shide within the series of interlocking scgments.  The
distal-most 17 of the interlocking segments should be adapted for sccure attachment to
the distal portion of the driver. In some embodiments thercof, the distal-most of the

10 interlocking scgments has a tubular distal end 21 that friction fits over the proximal

connection portion of the distal portion of the driver.

In some embodiments, the driver has a rigid proximal portion 1 that is adapted

I5  for conncction to @ handle. This commection may be permanent or releasable. This
allows the surgeon to use the driver manually as a screwdriver. In some embodiments,

the driver has a proximal portion that is adapted for connection to a port on a power

drill. This aliows the surgeon to power the driver via the rotary power supplied by the

drill.

Now referring to FIG. 3, theve is provided an assembly comprising:
a) a spinal implant comprising at least one threaded throughhole (preferably a

fusion cage 101 comprising a front wall 103, a pair of opposing side walls 105,

N
Loy

a back wall 107, and top 109 and bottom {11 surfaces adapted for gripping
opposed vertebral endplates, wherein the front wall comprises at least one
threaded throughhole},
b a bone screw  received in the threaded throughhole, the bone scrow having a
threaded shaft 115 and a proximal head {17,
30 ¢} the driver of the present invention,
wherein the distal tip of the mserter is received in the proximal head of the bone
SCTEW,
wherein the first bone screw extends through the top surface of the cage.

5
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Now referring to FIGS. 4-6, there s provided an msertion instrument 301 for
holding the driver of the present mvention. The distal portion of jaw 305 of this
strument includes a receiver 303 that receives the working tip of the driver of the
present invention, and holds that working tip at an angle to the longitudinal axis of jaw

5 305 of the mstrument.  Squeczing handles 307 acts to open the jaws 309 of the
nstrument.
In ancther aspect of the present invention, the driver may be modified so that there is
atlexible outer collar wrappmng around a flexible tube to allow the flexible tube 1o bend
in any radius.
10 Preferably, the flexible outer collar has a longitudinal slot rumning end-to-end that
allows the collar to snap onto the flexible tube. This allows the flexible tube 1o bend n

any radius.

I3 Therefore, in accordance with the present invention, and now referring to FIGS.
7-8, there is provided a flexible bone screw driver comprising:
a) a rigid proximal portion 101 adapted for connection to a handle or a drill,
b an intermediate shaft 102 comprising:
i} a flexible tube 107 having a bore 108, and
20 i1y an inmer flexible rod 109 extending through the bore of the flexible
tube, and
i) an outer malleable collar 110 wrapping arcund at least a portion of
the tlexible tube, the collar extending at an sngle in an unloaded
condition and having a longitadinal slot therein, and
23 ¢} a distal portion 111 having a working tip 113,

wherein the proximal portion is conmected to the intermediate shaft, and
wherein the distal portion of the driver is connected to the intermediate shaft,
In some embodiments, flexible tube 107 comprises a plurality of nigid
interlocking segments 112, with each segment having a throughbore running
30 therethrough.
FIG. ¢ presents substantially the same driver as FIG. 8, except that the inner

flexible rod 109 i missing in FI1G. 9.
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Although the flexible instrument of the present invention has been presented

a driver application, it i1s understood that the concepts of the present invention can be

applied to other spmnal instruments challenged by off-angle orientations, including
drills, shavers and rasps.

5 While this invention has been particularly shown and described with references

to preferred embodiments thereof, it will be understood by those skilled i the ant that

various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.
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T clainy

t. A flexible spinal instrument comprising:

a) a proximal portion adapted for commection to a handle or a dnill,
5 } an intermediate shaft comprising:

1} a phurahity of interlocking segments, each segment having a throughhole, and

i1} amalleable rod extending through the throughhole of each segment, and
¢) a distal portion having a working tip.

2. The spinal mstrument of claim 1 wherein the proximal portion comprises a rigid
10 tube, and the flexible rod extends nto the rigid tube,

3. The spinal instrument of claim 1 wherein the proximal portion comprises a solid
rigid rod.
4. The spinal instrument

of claim 1 wherein the distal portion is commected to a
distalmost mterlocking segment.

5. The spinal instrument of ¢claim 1 wherein the malleable rod comprises a polymer,
6. The spinal mstrument  of claim | wherein the malleable rod comprises a memory
metal,

7. The spinal instrument  of claim 6 wherein the memory metal rod is connected to the
distal portion of the spinal instrument .

8. The spinal instrument of claim 6 wherein the memory metal rod is connected to the
distal and proximal portions of the spinal instrument .

9. The spinal instrument  of claim 6 wherein the memory metal rod is comnected to
neither of the distal and proximal portions of the spmal instrument .
1o

}. The spinal instrument of claim | wherein the malleable rod floats with the plurality
25 ofinterlocking segments.
t1. The spinal instrument of claim | wherein the malleable rod has a distal bearing
surface.
12. The spinal instrument  of claim 1 wherein the working tip is adapted to engage a
screw head.
30

13. The spinal instrument of claim | wherein the working tip 1s adapted to drill a hole.

t4. The spinal instrument of claim | wherein the malleable rod is substantially straight
in 1ts unloaded configuration.



WO 2015/200018 PCT/US2015/035738

15, The spinal instrument of claim | wherein the malleable vod 18 bent in its unloaded
configuration.

16. The spinal instrament of claim 1 wherein the instrument is a screwdriver.

t7. The spinal instrument of claim | having a first substantially linear configuration

5 and a second deformed configuration, wherein the second deformed configuration
allows rotation of the shaft and an application of force along an axis of the working tip.
18. An assembly comprising:

a) a spinal implant comprising a at least one threaded throughhole,
b} a bone screw received in the threaded throughhole, the bone screw having a

10 threaded shaft and a proximal head,

¢) the spinal instrument of claim 1,
wherein the distal tip of the inserter 1s received in the proximal head of the bone
SCTeW,

wherein the first bone screw extends through the top surface of the cage.

15 19, the assembly of claim 18 wherein the spinal implant is a fusion cage comprising a
front wall, 4 pair of opposing side walls, a back wall, and top and bottom surfaces
adapted for gripping opposed vertebral endplates, wherein the front wall comprises the
at least one threaded throughhole,

20. The assembly of claim 18 wherein the spinal implant is a plate.
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