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Degenerative disc disease (DDD) affects the
intervertebral discs (IVDs) that separate the verte-
bral bodies in the spinal column.

Age-related and pathology-driven changes in
spinal physiology and anatomy can lead to arthritis,
disc herniation, or spinal stenosis. Management of
spine pathology frequently leads to surgical inter-
vention in the form of spinal fusion, where bone
growth between endplates of consecutive spinal
vertebrae is required to permanently connect two
or more vertebrae to improve spinal stability,
correct a spinal deformity, or reduce pain. Current-
ly, there is an abundance of available (bio)materials
and surgical techniques in the field of spinal fusion
surgery, and much research effort is geared toward
achieving regeneration of IVDs through numerous
approaches.

The first section of this special issue summarizes
the literature and current status regarding IVD
degeneration research and treatment options.

Kirnaz et al focus on the pathomechanism and
biomechanics of DDD and how impaired cell
metabolism due to pH alteration and poor nutrition
may lead to autophagy and disruption of homeo-
stasis within the IVD, thus playing a key role in
DDD etiology. To develop regenerative therapies
for degenerated discs, future studies must aim to
restore both anatomical and biomechanical proper-
ties of the IVDs. The objective of their review is to
provide a detailed overview of anatomical, radio-
logical, and biomechanical features of IVDs as well
as discuss the structural and functional changes
during the degeneration process.

Jerome et al focus on the risks of intradiscal
injections with orthobiologics and provide a review
of literature and case series with a focus on the use

of mesenchymal signaling cells and platelet-rich
plasma (PRP) preparations. Although biologic
intradiscal injection shows promise for the treat-
ment of discogenic back pain, there are inherent
risks to be considered and mitigated. The choice of
injectable orthobiologics may matter, and in the
authors’ clinical experience, the risk appears higher
with bone marrow concentrate than with PRP.

Vadala et al describe the use of stem cells in IVD
regeneration and provide the rationale behind a
regenerative stem cell therapy for IVD degenera-
tion. They also describe the effect of stem cells
following their implantation in the disc environ-
ment. Furthermore, they present clinical evidence
while taking into account the future perspectives
and current limitations of this cutting-edge therapy.

Singh et al describe the role and evidence for
non—stem cell-based regenerative therapies for IVD
degeneration. They conclude that non—stem cell-
based therapies, which include growth factor
therapy and other proteins, can lead to an increased
production of collagen and proteoglycans within the
disc, potentially starting regeneration of the IVD.

The second part of this special issue is focused on
use of biomaterial scaffolds for use in spinal fusion
surgery. A current status of the literature is provided
along with lessons learned. Considering the constant
motion of new materials for spinal fusion, these
updates are much needed and lay the foundation for
a future update on the “ISASS Recommendations
and Coverage Criteria for Bone Graft Substitutes
Used in Spinal Surgery.”!

Although autograft is still considered the “gold
standard” in spinal fusion, there are drawbacks to
its use, such as its limited availability and donor-site
morbidity. In the past decades, these drawbacks
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have generated a vast interest in the development of
new bone graft materials, particularly of ceramic
origin but also stem cells, blood-derived biomateri-
als, and new demineralized bone matrix (DBM)
formulations, all of which are available on the
market. With the arrival of these new biomaterial
formulations, we are entering the era of biomimetic
materials; however, despite the high interest, in-
depth knowledge about their function and clinical
performance is still lacking.

To this extent, Cohen et al focus on allografts.
The manuscript provides an overview on the
different subtypes with an emphasis on recent
product development of allografts and its use in
spinal fusion surgery. The authors conclude that
there is great need for improvement in allografts.

The comprehensive literature review from Ste-
phan et al focuses on preclinical and clinical studies
detailing the application of mesenchymal stem cells
(MSCs) in spinal fusion surgery. Although MSCs
may be a promising option to use to augment
grafting for spinal fusion surgery, they must be used
with appropriate osteoconductive scaffolds. Addi-
tional studies are necessary to determine the efficacy
of MSCs with different osteoconductive scaffolds
and growth/osteogenic differentiation factors.

Plantz et al review current evidence and future
trends of various classes of synthetic bone graft
materials in spine fusion. In their conclusion, they
state that the ability to finely tune the biologic
properties of various synthetic materials has spurred
significant growth in the field of bone grafts.
Synthetics—including ceramics, glass ceramics, and
polymer-based compounds—continue to yield ex-
cellent efficacy as bone graft extenders across a
variety of spinal fusion procedures while minimizing
the need for autograft. While many synthetics, such
as ceramics, have historically been used in combi-
nation with autograft as bone graft extenders,
current translational research suggests that perhaps
synthetic and biologic composites could yield
adequate bone healing without the need for
autograft or high-dose growth factors.

Shepard et al provide an insightful review of
current applications and future trends of DBM in
spine surgery. Although DBM has been successfully
used as bone graft extenders in spinal surgery
yielding good fusion rates, care should be taken
when using as a stand-alone product. As new

literature emerges, DBM and demineralized bone
fibers can be useful methods in a surgeon’s
armamentarium for fusion-based procedures. As a
future trend, the combination of additional cell-
based products with demineralized bone fibers could
be an exciting opportunity in spine surgery.

Together, the review articles and fundamental
studies in this special issue provide the reader with
an excellent overview of the current state of IVD
regeneration approaches and on the use of bone
grafts and biomaterials in spinal fusion. This special
issue is by no means intended as a comprehensive
overview, but it aims to raise awareness and
stimulate discussion regarding regeneration of the
IVD and the use of bone grafts and biomaterials in
spinal fusion. We hope that this special collection of
papers will provide you with the type of information
that can contribute to your practice in terms of both
treatment decisions and patient counseling and that
you will find this a useful addition to your clinical
practice and education.
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