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(54) Title: METHOD AND APPARATUS FOR PERFORMING SPINAL PROCEDURES

(57) Abstract: A method for performing a surgical
spinal fusion procedure to correct an abnormal
spinal curvature preferably invloves the use of
an improved surgical implant spinal staple (30)
that has a main body portion (32), a pair of
apertures and a plurality of tine members (42 or
44) for fastening and anchoring the staple (30) to
a vertebral body. The spinal staple (30) includes
integral structure for permitting direct attachment
of a retaining rod, which lowers the profile of the
combined staple (30) and attachment mechanism
with respect to conventional systems. The spinal
fusion procedure further preferably includes a step
of sculpting the attachment areas into which the
spinal staples (30) will be positioned and secured.
The spinal fusion procedure also is performed by
completely removing a number of intervertebral
discs and then repositioning the spine so as to
achieve bone-to-bone contact between the affected
vertebral bodies.
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METHOD AND APPARATUS FOR PERFORMING
SPINAL PROCEDURES

BACKGROUND OF THE INVENTION

-1. Fieldy of the Invention

This invention relates to surgical instrumentation and processes for the anterolateral
surgical correction of such conditions as scoliosis, which is also known as curvature of the spine.

2. Description of the Related Technology

Scoliosis in humans may occur as a result of many different causes, including infection by
a disease such as polio, paralytic diseases of neuromuscular etiology, or injury to the spinal
column. However, the most common cause of scoliosis in first world countries is a genetically
determined growth abnormality of the spinal column which most often characteristically causes
the curve to develop when the children are passing from late childhood through adolescence. This
condition is known as idiopathic scoliosis. )

While prevention and bracing can be effective for some children who develop scoliosis,
surgical treatment is commonly when employed when the spinal curvature is too pronounced to
respond to bracing or when established curves threaten a normal productive, pain free adult life.
The standard surgical treatment for scoliosis since the mid-1950’s has been an “instrumented
spinal fusion,” which typically involves the implantation of metal articles such as hooks or screws
to the spinal column at each end of the curve. Retaining rods are then attached to the hooks or
screws at the ends of the curve. Surgical instruments are then mechanically used to straighten the
spinal column (by twisting the spinal column or jacking it up) and the rods are then attached to
the hooks or screws and fixed into place to maintain the position of the spinal column in the
lengthened, straightened and corrected position. Surgery may be performed using the anterolateral
approach, in which correction of the vertebrae is performed from the patient's front or side or the
posterior correction method in which correction of the vertebrae is performed from the rear.

To prevent subsequent loosening of the implants and loss of correction of the deformity,

a spinal fusion of the instrumented section of the spinal column is virtually always performed at
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the same time as the instrumentation. This means that bone chips are placed along portions of
the spinal column not covered by the implants. These bone chips or grafts induce the vertebrae
which were part of the curvature to grow together (fuse) over a period of weeks to months to
years. This fusion maintains the correction of the spinal deformity achieved by the application of
jche instruments (implants).

Current surgical approaches to spinal instrumentation tend to correct the curvature

-incompletely, and typically instrument and fuse long segments of the spinal column, most usually

7-14 segments. Such an extensive procedure is unavoidably traumatic to the patient and requires
a great deal of recovery time, sometimes more than a year.

In addition, current approaches leave behind spinal implants which, because of their size
and bulk, commonly cause problems after their implantation. The profile of these implants, which
can be defined as their distance of extension beyond the normal vertebral structure of the patient's
spine, can interfere with the muscle in the lumbar spine such as the iliopsoas muscle, the nerves of
the lumbar plexus and other critical anatomical structure such as ribs, blood vessels, lungs, the
liver and the heart. One such approach is depicted in FIGURE 1. This approach, which is
described in great detail in U.S. patent 5,603,714, includes a system 10 for fusing a number of
vertebral bodies 12 that utilizes a number of staple elements 14 that have tines for penetrating the
vertebral body. As may be seen in FIGURE 1, each staple element 14 is anchored to a respective
vertebral body 12 by a pair of vertebral screws 16, which extend through apertures 18 defined in
the staple elements 14 and each of which includes a threaded portion 20 for penetrating the
vertebral body and a head portion 22. Each head portion 22 has a channel 24 defined therein for
receiving a retaining rod 26. Each head portion 22 further includes a set screw 28 for finally
securing the vertebral screw 16 to the retaining rod 26 at the conclusion of the surgical procedure.

As may be seen in FIGURE 1, the head portions 22 of the vertebral screws 16 extend
significantly beyond the circumferential outer surfaces of the vertebral bodies 12. Accordingly,
the system may be said to have a relatively high profile.

A need exists for an improved system and method for performing corrective surgery for
spinal conditions such as scoliosis that is less traumatic to and facilitates a more rapid recovery for
the patient, and that utilizes implants that present fewer postsurgical problems to the surrounding

anatomy of the patient.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to provide an improved system and method
for performing corrective surgery for spinal conditions such as scoliosis that is less traumatic to
and facilitates a more rapid recovery for the patient, and that utilizes implants that present fewer
postsurgical problems to the surrounding anatomy of the patient.

In order to achieve the above and other objects of the invention, a surgical implant spinal
staple according to a first aspect of the invention includes a main body portion having an inner
surface that is constructed and arranged to engage a vertebral body, an outer surface and means
for receiving a fastener for the purpose of fastening the spinal staple to a vertebral body; a
plurality of tine members extending from the inner surface, the tine members being constructed
and arranged to penetrate the vertebral body in order to anchor the spinal staple to the vertebral
body; and rod attachment structure for permitting a retaining rod to be attached to the main body
portion, the rod attachment structure being integral with the main body portion.

According to a second aspect of the invention, a method of performing a surgical spinal
fusion procedure to correct an abnormal spinal curvature includes steps of surgically approaching
a patient's spine; completely removing at least one intervertebral disc in an area of abnormal spinal
curvature; realigning those vertebral bodies that were adjacent to at least one of the removed
disks; compressing said vertebral bodies so as to achieve bone-to-bone apposition therebetween;
and completing the spinal fusion procedure so as to secure the vertebral bodies in bone-to bone
contact, thereby promoting relatively rapid healing of the fused area.

According to a third aspect of the invention, a method of performing a surgical spinal
fusion procedure to correct an abnormal spinal curvature includes steps of surgically approaching
a patient's spine; aligning the spine to a desired, corrected position; sculpting at least one of the
vertebral bodies so as to form a recessed area; attaching a spinal implant staple within the
recessed area, whereby the spinal implant staple will have a lower profile than it would have the
recessed area not been sculpted; and securing a retaining rod to the spinal implant staple.

These and various other advantages and features of novelty that characterize the invention
are pointed out with particularity in the claims annexed hereto and forming a part hereof.

However, for a better understanding of the invention, its advantages, and the objects obtained by
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its use, reference should be made to the drawings which form a further part hereof, and to the
accompanying descriptive matter, in which there is illustrated and described a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a perspective diagrammatical view of one type of a conventional system for

-surgical correction of spinal curvature;

FIGURE 2 is a perspective view of an article according to one aspect of the invention,
constructed according to a first embodiment;

FIGURE 3 is a top plan view of the article depicted in FIGURE 2,

FIGURE 4 is a cross-sectional view taken along lines A-A in FIGURE 3;

FIGURE 5 is a bottom plan view of the article depicted in FIGURE 2;

FIGURE 6 is a bottom plan view of an article similar to that depicted in FIGURE 2, but
constructed according to an alternative embodiment of the invention;

FIGURE 7 is a perspective view of a locking cap according to a preferred embodiment of
the invention; and

FIGURES 8(a) through 8(g) are diagrammatical drawings depicting performance of a
method of performing a surgical spinal fusion procedure according to the preferred embodiment

of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Referring now to the drawings, wherein like reference numerals designate corresponding

structure throughout the views, and referring in particular to FIGURE 2, one important aspect of
the invention involves a surgical implant spinal staple 30 that is designed to have a low profile or
no profile at all with respect to a patient's vertebral bodies after corrective spinal surgery. As is
shown in FIGURES 2,3 and 4, surgical implant spinal staple 30 includes a main body portion 32
having an inner surface 34 that is constructed and arranged to engage a vertebral body, as will be

discussed in greater detail below. Inner surface 34 is preferably concave, as is been shown in
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FIGURE 4. Staple 30 further includes an outer surface 36 and structure 38 for receiving a
fastener for the purpose of fastening the spinal staple 30 to a vertebral body. In the preferred
embodiment, structure 38 is embodied as a pair of apertures 40 that are sized to receive a spinal
screw, which is not shown.

Spinal staple 30 also preferably includes a plurality of tine members 42 that extend

outwardly from the inner surface 34. The tine members 42 are constructed and arranged to

‘penetrate the vertebral body in order to anchor the spinal staple 30 to the vertebral body. An

alternative embodiment shown in FIGURE 6 detects a surgical implant spinal staple 44 that is
identical in all respects to the staple 30 shown in FIGURE 2, with the exception that it has tine
members 46, each of which has a central axis, and wherein each tine member is shaped so that
when viewed in cross-section transversely to the central axis the tine member is curved so as to
have a concave inner surface. This embodiment is preferred when utilizing the surgical procedure
involving the sculpting of the vertebral body that is discussed in greater detail below.

Returning to the embodiment of the invention shown in FIGURES 2,3 and 4, it will be
seen that surgical implant spinal staple 30 further includes an integral retaining element attachment
structure, which is embodied as a retaining rod attachment structure 48. In the preferred
embodiment, retaining rod attachment structure 48 includes a pair of trunnion members 50, 52,
each of which includes structure for permitting a retaining rod to be locked into place relative to
the trunnion member. In the illustrated embodiment, this locking structure is embodied as a flange
54, which is constructed and arranged to receive a locking cap 56, which is depicted in FIGURE
7. Asis conventional, locking cap 56 is constructed to define a channel 58 for receiving the
flange portion of one of the trunnions 50, 52, and further has a set screw hole 60 defined therein
for receiving a set screw, which will be used to lock the staple 30 into position relative to the
retaining rod. Alternatively, the retaining element attachment structure could be constructed and
arranged to attach to another type of retaining element other than a retaining rod, such as a wire-
type retaining system. ‘

Most advantageously, the entire surgical implant spinal staple 30, including the trunnions
50, 52 and the tine members 42, is constructed as a single, unitary member. It may be fabricated
from any biocompatible material that has sufficient strength for its intended purpose. The most

preferred material is a high-strength biocompatible metallic materials such as titanium.
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The surgical implant spinal staple 30, 44 discussed above is quite useful, although not
essential, for performing the methods of surgical spinal fusion that are encompassed by the
invention. The preferred method of performing a surgical spinal fusion procedure to correct an
abnormal spinal curvature according to the invention will now be described with reference to
FIGURES 8(a) through 8(g).

As may be seen in FIGURE 8(a), the patignt is of course anesthetized and is then

“preferably positioned on his or her side, with the convex side of the spinal curvature facing

upwards. The spine is then surgically approached using the anterolateral approach technique,
which will involve making an incision in the side of the patient. As may be seen in FIGURE 8(b),
the affected disks are then completely removed. Because of the effective nature of this procedure
to straighten the spine over a relatively few number of vertebrae, fewer vertebrae will need to be
fused in order to successfully complete this procedure then would be the case using a
conventional procedure of the type that is depicted in FIGURE 1. In FIGURE 8(b), five discs are
shown to be completely removed, indicating that six vertebrae are to be fused. It is anticipated
that for most procedures under this method, even fewer vertebrae will need to be fused, although
this of course will depend on the particular patient's condition.

After the discs have been removed, the patient is been repositioned to straighten the
spine in rough approximation of the desired final position. FIGURES 8(c) and 8(d) depict a
vertebra 62, which includes a vertebral body 64, a spinous process 66, and a transverse process
68. At this point, according to one important aspec; of the invention, one side of each of the
vertebral bodies to be fused are sculpted so as to form a recessed area 70, which is
diagrammatically depicted in FIGURE 8(c). As is shown in FIGURE 8(d) the spinal implant
staple 44 is then inserted into the recessed area 70, and this is preferably performed so that the
spinal implant staple 44 will have a lower profile then it would have had the recessed area not
been sculpted. Most preferably, this is performed so that the spinal implant staple 44, including
the trunnion members, do not extend outwardly beyond the original dimension of the vertebral
body 64 as it existed prior to sculpting. As a result, a no profile implant is created.

After the implant staple 44 has been positioned, screws are inserted through fhe
apertures 40 to secure the staple 44 into place. These screws are conventional flat headed

surgical screws, and do not have any structure corresponding to the head portions 22 of the
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screws that are shown in the system 10 that is depicted in FIGURE 1. At this point in time, an
image intensifier may be used to confirm proper positiéning of the implants, and any implants that
have been mispositioned will be readjusted.

As is conventional, a retaining rod will at this point be shaped and prepared by the
surgeon. The retaining rod will be cut to length, and will be bent to an anticipated corrected

alignment. As shown in FIGURE 8(e), the retaining rod will be dropped into the channels defined

"by the trunnions of the staple 44, and the locking caps 56 will then be positioned on to the

respective trunnion members. The set screws, however, will not be tightened at this point. Once
one retaining rod is properly positioned, a compression device as is shown in FIGURE 8(f) is used
to approximate adjacent vertebrae; this can be done simultaneously for multiple vertebrae or
locally for adjacent vertebrae. Because the entire discs have been removed, bone to bone
apposition between the vertebrae is possible, and, in fact, is a goal. Previous spinal
instrumentation and fusion attempts to straighten a scoliotic spine have achieved incomplete
correction and have taken from 4 months to 12 months for full healing to occur. The reason for
this delayed healing and incomplete correction, in cases done from the anterolateral approach, has
been the tradition of performing incomplete discectomy over the involved discs. No previous
approach to surgical correction has ever mentioned complete discectomy as a part of the surgical
technique to achieve bone-on-bone apposition through the fusion area. This technique both
eliminates structural barriers to full correction and permits the quality of intimate apposition of the
vertebrae in the curvature which permits rapid healing (2-3 months) of the operated fusion.

Once bone to bone contact has been achieved, the set screws will be set, as is shown in
FIGURE 8(g). Position will again be checked by an appropriate imaging device, and any
placements that need to be modified will be so modified. The second retaining rod will then be -
shaped, inserted and secured. The entire area will then be irrigated, an epidural catheter will be
inserted for pain control, a chest drain will be inserted, and the wound will be closed. Because of
the low-profile of the implants, the minimized number of vertebrae that have been fused and the
bone to bone contact of the vertebrae, trauma to the patient is minimized and the patient will be
expected to heal very rapidly.

It is to be understood, however, that even though numerous characteristics and

advantages of the present invention have been set forth in the foregoing description, together with
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details of the structure and function of the invention, the disclosure is illustrative only, and
changes may be made in detail, especially in matters of shape, size and arrangement of parts
within the principles of the invention to the full extent indicated by the broad general meaning of

the terms in which the appended claims are expressed.
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WHAT IS CLAIMED 18S:

1. A surgical implant spinal staple, comprising:

a main body portion having an mner surface that is constructed and arranged to engage a
vertebral body, an outer surface and means for receiving a fastener for the purpose of fastening
the spinal staple to a vertebral body;

a plurality of tine members extending from said inner surface, said tine members being
constructed and arranged to penetrate the vertebral body in order to anchor the spinal staple to
the vertebral body; and

retaining element attachment means for permitting a retaining element to be attached to
said main body portion, said retaining element attachment means being integral with said main

body portion,

2. A surgical implant spinal staple according to claim 1, wherein said inner surface is concave.
3. A surgical implant spinal staple according to claim 1,wheremn said means for receiving a
fastener for the purpose of fastening the spinal staple to a vertebral body comprises at least one

aperture defined in said main body portion for receiving a spinal screw.

4. A spinal implant staple according to claim 3,wherein said means for receiving a fastener

comprises two of said apertures.

5. A spinal implant staple according to claim 1,wherein said tine members are unitary with said

main body portion.
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6. A spinal implant staple according to claim 1,wherein each of said tine members has a central

-axis, and wherein at least one of said tine members is shaped so that when viewed in cross-section

transversely to said central axis said tine member 1s curved so as to have a concave mnner surface.

7. A spinal implant staple according to claim 1,wherein said retaining element attachment means

is unitary with said main body portion.

8. A spinal implant staple according to claim 1,wherein said retaining element attachment means
comprises at least one trunnion member that defines an interior channel for receiving a retaining
rod and for constraining the retaining rod against any movement other then longitudinal

movement with respect to the spinal staple.

9. A spinal implant staple according to claim 8, wherein said retaining element attachment means
further comprises locking means for permitting a retaining rod to be locked into place relative to
the trunnion member, thereby precluding any relative movement between the retaining rod and the

spinal staple.

10. A spinal implant staple according to claim 9, wherein said locking means comprises structure

on said trunnion member for receiving a locking cap.

11. A method of performing a surgical spinal fusion procedure to correct an abnormal spinal
curvature, comprising steps of’

(a) surgically approaching a patient's spine;
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(b) completely removing at least one intervertebral disc in an area of abnormal spinal
curvature;

(c) realigning those vertebral bodies that were adjacent to at least one of the removed

disks;

(d) compressing said vertebral bodies so as to achieve bone-to-bone apposition
therebetween; and
(e) completing the spinal fusion procedure so as to secure said vertebral bodies in bone-to

bone contact, thereby promoting relatively rapid healing of the fused area.

12. A method of performing a surgical spinal fusion procedure according to claim 11, wherein

step (a) is performed using the anterolateral approach.

13. A method of performing a surgical spinal fusion procedure to correct an abnormal spinal
curvature, comprising steps of:

(a) surgically approaching a patient's spine;

(b) aligning the spine to a desired, corrected position,

(c) sculpting at least one of the vertebral bodies so as to form a recessed area,

(d) attaching a spinal implant staple within the recessed area, whereby the spinal implant
staple will have a lower profile than it would have had the recessed area not been sculpted; and

(e) securing a retaining rod to the spinal implant staple.

14. A method of performing a surgical spinal fusion procedure according to claim 13, wherein
steps (c) and (d) are performed so that the spinal implant staple does not extend outwardly

beyond the original dimension of the vertebral body prior to sculpting.
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15. A method of performing a surgical spinal fusion procedure according to claim 13, wherein

step (d) is performed with a spinal implant staple that includes integral attachment structure for

the retaining rod.

16. A method of performing a surgical spinal fusion procedure according to claim 13, wherein
step (b) is performed by completely removing at least one intervertebral disc in the area of

abnormal spinal curvature.
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