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BACKGROUND

Emerging technologies in spinal arthroplasty are focusing on reduced invasiveness through the
use of tissue-sparing nucleus replacements and total disc replacements with modular designs and
multiple-approach capabilities. Similarly. the growth in vertebral fusion procedures is primarily
in minimally invasive devices and approaches that reduce structural and soft tissue disruption.
While each of these technologies can often be implanted via multiple approaches, the posterior
approach remains the most preferred due to the presence of disc herniations and other posterior
pathologies as well as the desire to preserve the future use of the anterior approach should the
initial treatment fail. Adequate disc preparation for these new technologies becomes increasingly
difficult as the invasiveness is reduced, especially via the posterior approach. The need for
adequate disc preparation and improved nucleus removal technologies are discussed.

REQUIREMENTS

Complete removal of the nucleus, with minimal damage to the cartilaginous endplates, is
recognized as a requirement for optimal placement of a nucleus replacement with load transfer
capabilities®®. Clinical experience with nucleus replacements describes the removal of “as
much as possible” of the nucleus while using caution
to avoid damage to the endplates®. Such devices
rely on the surrounding connective tissue to properly
function, and successful outcomes demand the
preservation of as much annulus as possible as well
©_ Furthermore, inadequate nucleus removal has
been noted to influence implant motion, by
producing increased intradiscal forces that can cause
device migration from the nuclear cavity®, [ S

commonly resulting in disc herniation symptoms and  Site preparation for unilateral PLIF using standard
subsequent revision surgery. rongeurs and curettes.

The goal in fusion is to create the largest possible area of exposed vascular bone in order to
promote the osteogenic process and create a bony bridge between the vertebrae with the greatest
cross-sectional area. Any nucleus tissue remaining in the disc following the nucleotomy serves
to reduce the surface area available for fusion, and removal of 80% - 90% of the nucleus has been
recommended for the best chance of a successful interbody fusion®. Nucleus tissue remaining in
the disc during can also interfere with the bone formation process from a biological perspective,
as illustrated in a study using pigs to compare fusion results using rectangular cages filled with
either bone graft or a mixture of bone graft with nucleus
tissue. At 12 weeks, the levels with just bone graft had a
histological fusion rate of 70%, compared to only 10% for
the levels implanted with the nucleus/bone graft mixture,
leading the authors to conclude that the presence of nucleus
tissue can delay or decrease bone formation possibly through
inflammatory or immune response®. Similarly, a human
clinical study comparing the quality of lumbar fusions in
patients receiving partial or complete discectomies prior to
implantation of BAK screw cages showed that fourteen
percent (14%) of the patients with a partial discectomy ended
with confirmed non-fusions and required revision surgeries,
compared to solid fusions and no revision surgeries required
for patients with a complete discectomy. While the cages in
this study were placed via the anterior approach, the authors
drew a general conclusion that a complete discectomy
contributed to a successful fusion by reducing the amount of
avascular disc material in the disc space and increasing the
surface area available for bony growth@®.

12-week post-op lateral radiograph®
(4)Pure bone graft
(B) Nucleus/bone graft mixture

Possible Results of Inadequate
Removal of Nucleus Material
Nucleus material left behind may interfere with
proper positioning of replacement device. The
material may also influence implant motion,
resulting in migration/extrusion of devices.

MIS Technology Disc Site Preparation Requireme

Nucleus Replacements | + Remove the entire nucleus pulposus
« Do not damage annulus or endplates.
« Maintain small annulotomy.

- Remove all nucleus material and
cartilaginous endplates.

« Spare annular tissue.

« No damage to bony endplates.

Remaining nucleus material may hinder the
proper surgical placement of the device. The
disc space should be free from nucleus pulposus
to ensure proper endplate contact is achieved.

Total Disc Replacements
( including lateral and
posterior approaches)

- Remove all nucleus material and Nucleus material left behind may physically
cartilaginous endplates. reduce the available surface area for fusion and
« Preserve the annulus. may interfere biologically with the bone formation

« No damage to bony endplates. process.

Fusion
(TLIF, PLIF and UPLIF)

CURRENT TECHNOLOGY

The traditional and most commonly used method for bulk nucleus removal remains mechanical
resection with an intervertebral disc rongeur. Even in skilled hands, however, the geometrical
constraints of the posterior anatomy allow only an average of 50% nucleus removal from the
lumbar disc using standard rongeurs, even after an average of 36 insertions of the rongeur®.
The large number of insertions increases the risk of surrounding tissue damage and results in an
undesired increase in the size of the annulotomy for a nucleus replacement. While a TLIF
approach can offer increased exposure, a significant amount of nucleus material remains in the
disc following a meticulous removal®®, measured by one researcher at an average of 31%™. In
both the posterior and TLIF approaches, the difficulty lies in removing material contralateral to
the annulotomy.

IMPROVED NUCLEUS REMOVAL TECHNOLOGIES

While alternatives to rongeurs for removing nucleus tissue exist in the form of ablative
technology (lasers, plasma, RF) and mechanical designs (shavers, high-pressure fluid), these
devices retain the rongeur’s inability to effectively reach the contralateral space from the
posterior approach, especially in large discs.

A new technology under development employs a mechanical shaver with suction that can not
only articulate in the disc space but also traverse across the space to reach nucleus material
contralateral to the annulotomy. Results of cadaver spine studies using a prototype device in a
posterior approach show an estimated 90% + removal of nucleus tissue with no damage to the
annulus or endplates, using only 5 — 6 insertions.

Nucleus removal via unilateral posterior approach using prototype device, shown with material removed

CONCLUSION

Thorough removal of the nucleus, including tissue contralateral to the annulotomy, has been
found to be critical in ensuring successful application of the novel motion sparing and less
invasive fusion technologies becoming available to the spine surgeon. As a result, new methods
of nucleus removal are being developed to satisfy the needs of surgeons for proper implant
placement and optimum biologic response.
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