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Degenerative disc disease (DDD) is the major cause of low back pain, which usually leads to work absenteeism, medi-
cal visits and hospitalization. Because the current conservative procedures and surgical approaches to treatment of
DDD only aim to relieve the symptoms of disease but not to regenerate the diseased disc, their long-term efficiency is
limited. With the rapid developments in medical science, tissue engineering techniques have progressed markedly in
recent years, providing a novel regenerative strategy for managing intervertebral disc disease. However, there are as
yet no ideal methods for constructing tissue-engineered intervertebral discs. This paper reviews published reports per-
taining to intervertebral disc tissue engineering and summarizes data concerning the seed cells and scaffold materials
for tissue-engineered intervertebral discs, construction of tissue-engineered whole intervertebral discs, relevant animal
experiments and effects of mechanics on the construction of tissue-engineered intervertebral disc and outlines the
existing problems and future directions. Although the perfect regenerative strategy for treating DDD has not yet been
developed, great progress has been achieved in the construction of tissue-engineered intervertebral discs. It is
believed that ongoing research on intervertebral disc tissue engineering will result in revolutionary progress in the
treatment of DDD.
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Introduction

Intervertebral discs (IVDs) are cartilaginous structures
located between two vertebral bodies that can resist com-

pression and support body weight, allow some movement in
the vertebral trunk and join the vertebral bodies.1 Degenera-
tive disc disease (DDD) develops gradually with age and
is one of the commonest diseases to present clinically.
DDD has been linked with aging and is thought to be
caused by a number of factors, including excess mechanical
loading, biological factors, smoking and changes in cell
nutrition. In addition to the direct costs of medical treat-
ment, DDD also causes great economic losses in work and
life because of pain and loss of mobility.2–4 Surgical treat-
ment for DDD, such as discectomy, fusion, artificial disc
replacement (nucleus replacement or allogeneic disc trans-
plantation), has been reported in recent years; however, the
long-term results are still not satisfactory.5–8 An ideal treat-
ment that can permanently repair the diseased intervertebral
disc is needed.

In recent years, tissue engineering techniques have
emerged as an ideal means of permanently repairing tissue
defects. Significant achievements that have been applied in
clinic have been made in seed cells, scaffolds and signal fac-
tors, especially for tissue-engineered skin, heart valves and
cartilage.9–12 Tissue engineering techniques also provide a
novel regenerative strategy for constructing functional discs
to treat disc disease.13–16 Recent studies have focused mainly
on seed cells, scaffolds and construction of tissue-engineered
disc and achieved some gains. In this paper, we review the
construction strategies and problems in intervertebral disc
tissue engineering and aim to provide information to support
the construction of tissue-engineered intervertebral disc.

Materials and Methods

Using the PubMed database, we conducted an electronic
search of articles about intervertebral disc tissue engi-

neering published in the English language within the last
20 years. We used the search terms “tissue engineering” and
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“intervertebral disc” as simple text searches and identified
various types of article, including research and reviews. We
included articles involving seed cells, scaffolds and mechanics
of the annulus fibrosus (AF), nucleus pulposus (NP) and
intervertebral disc tissue engineering. Duplicate reports and
research with insufficient data were excluded for the pur-
poses of this review. We classified abstracts as definitely
include, unsure or definitely exclude and reassessed these
classifications once the full text of the article was available.

Scaffolds for Intervertebral Disc Tissue Engineering
The intervertebral disc consists of the AF and NP (Fig. 1).
The AF encircles the NP and is highly organized and
oriented in concentric rings composed if collagen fibers that
form lamellar layers. The collagen fibers enable the disc to
return to its original position after a load charge. The AF are
firmly attached to the endplates and inserted into the ante-
rior and posterior longitudinal ligaments, being strongly
attached to the anterior longitudinal ligament, whereas their
attachment to the posterior ligament is weaker. This fact
may explain why posterior protrusions of the disc occur
more frequently than anterior bulging. The AF can be
divided into inner and outer layers, the outer layer being
mainly composed of type I collagen, whereas the inner AF is
mainly type II collagen. From outer to inner AF, the content
of water and proteoglycans increases, whereas the content of
type I collagen gradually decreases.17 The NP, which is
located in the central region of the IVD and has a jelly-like
structure, is rich in proteoglycan, type II collagen and
water.18,19 The content of type I collagen decreases from the
AF to the central NP, whereas the content of type II collagen
increases.20 IVD degeneration is thought to originate in the

NP, where there is a loss of normal matrix, increased matrix
metalloproteinase (1, 3, 7, 9, 10 and 13), and A disintegrin
and metalloproteinase with thrombospondin motifs (1, 4,
5, 9 and 15) activity being responsible for matrix catabolism.
There is also a shift from type II to type I collagen expression
by NP cells and a decrease in aggrecan synthesis, leading to
dehydration of the matrix of the NP. Dehydration leads to a
loss of the swelling pressures that are responsible for main-
taining mechanical integrity, ultimately leading to local spi-
nal instability and mechanical trauma. In parallel, the
diminished amounts of aggrecan and increased amounts of
catabolic cytokine allow the in-growth of neurites, resulting
in pain. The structure of the IVD is complex and extremely
heterogeneous. The NP and AF consist of different cells and
extracellular matrix (ECM) components, making it difficult
to construct tissue-engineered intervertebral discs.

Scaffold is a critical factor in the construction of engi-
neered disc tissue. It must act as a temporary 3-D matrix for
supporting cellular functions. Its ultimate purpose is to pro-
vide a support with the appropriate biological and mechani-
cal stimuli for live cells to regenerate, restore disc height and,
therefore, mimic the anatomical functions of the IVD.1 Thus,
the ideal disc scaffold should possess good biocompatibility,
proper pores and an appropriate rate of degradation. Addi-
tionally, the scaffold should be similar to the disc ECM in
component, shape, structure and mechanical properties. As
we all know, the disc possesses an avascular sealed environ-
ment.21 The diffusion of nutrients and signal factors should
be taken into account during scaffold design.

Scaffold of NP Tissue Engineering
Loss of natural NP materials causes collapse of the disc space
because the inner region cannot fully resist applied loads. NP
tissue engineering aims to replace the lost materials so that
the IVD can adequately sustain pressure.22 Most implantable
scaffolds aim to mimic the mechanical and biochemical prop-
erties of the native NP. Scaffolds previously used for NP tissue
engineering include natural materials (such as alginate, agar-
ose, hyaluronic acid and silk) and chemical synthetic polymers
(such as polylactic acid and polyglycolic acid copolymer)23

(Fig. 2). These scaffolds have deficiencies in biocompatibility,
biomechanical properties and degradation rates. Recently,
materials containing collagen and proteoglycan, which are the
main ECM components of intervertebral discs, have been
widely studied. Alini et al. constructed tissue-engineered discs
with composite scaffolds that were fabricated with type I colla-
gen and hyaluronic acid and seeded with NP and AF cells,
respectively.24 The cells in the scaffold can secrete proteogly-
can and types I and II collagen. Huang et al. fabricated com-
posite scaffold with type II collagen, hyaluronic acid and 6-
chondroitin sulfate.25 Rabbit NP cells were seeded into such
scaffolds and implanted into allogenic rabbits to repair inter-
vertebral disc degeneration. The disc heights were maintained
and the signals on MRI T2-weighted images found to have
been restored 24 weeks later. Rowland et al. found that
cartilage-derived matrix scaffolds contract during in vitro

NP AF

Fig. 1 Schematic diagram of an intervertebral disc. The intervertebral

disc comprises the AF, which encircles the NP and is highly organized

and oriented in concentric rings and the NP, which is located in the

central region of the IVD and has a jelly-like structure.
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culture, which unpredictably alters their shape.26 They ana-
lyzed the effects of dehydrothermal treatment, UV light irradi-
ation and the chemical crosslinker carbodiimide on scaffold
contraction and found that both physical and chemical cross-
linking treatments can prevent cell-mediated contraction of
cartilage-derived matrix scaffolds, resulting in retention of the
original scaffold dimensions. Additionally, crosslinking treat-
ments influence chondrogenic differentiation. Dehydrothermal
and UV treatments produced significantly greater glycosami-
noglycans (GAGs) and collagen content than did carbodii-
mide crosslinked and non-crosslinked constructs. Mercuri
et al. innovatively made NP scaffolds with acellular porcine
NP matrix by decellularization by chemical wash, sonication
and nucleic acidase digestion.27 The antigen α-Gal was
removed from the acellular NP matrix, which possesses com-
ponents similar to the ECM of natural NP (including aggre-
can, 6-chondroitin sulfate and collagen II, IX and XI), with a
good expansion rate, appropriate biomechanical properties
and good biocompatibility. An acellular NP matrix would be
an appropriate biological material for NP tissue engineering.
Further study should be concentrated on seeding cells into
scaffolds and constructing tissue-engineered NP in vitro and
in vivo.

Scaffolds for AF Tissue Engineering
Natural AF has a unique angle-ply laminated structure
(Fig. 1), the outer layer being rich in type I collagen and the

inner layer in proteoglycans and type II collagen. The AF
performs many roles, including resisting fluid flow, which
helps in pressurizing the NP and directly bear created by tor-
sion and bending; these are disrupted when the AF is torn or
punctured. In view of the native structure of AF tissue, resto-
ration of the function and properties of the AF requires the
use of biomaterials that are easy to process and have good
mechanical properties.5 In recent years, scaffolds used for tis-
sue engineered AF have included silk protein, an alginate/
chitosan composite material, demineralized bone matrix and
synthetic polymer materials (such as poly-ε-caprolactone
[PCL]).28–30

Scaffolds can be divided into three categories as follows:

1. Single-phase scaffolds with or without fiber orientation
structure (Fig. 3). Porous silk scaffolds, which encourage
AF cell attachment and collagen type synthesis, have
been investigated.31 Modification of porous silk scaffolds
with arginine-glycine-aspartic acid peptide encourages
cell growth, as well as collagen and GAG synthesis.32

Combinations of silk and fibrin have been used to create
ordered scaffolds, which increase GAG, collagen content,
and compressive modulus when seeded with cells over
4 weeks.33 Using an electro-spinning technique, Nerurkar
et al. constructed anisotropic multilayered scaffolds with
PCL, which was seeded with mesenchymal stem cells
(MSCs) and cultured for 10 weeks in vitro.34 ECM rich
in collagen was found to have accumulated in the

A B

C D

Fig. 2 NP scaffold made of silk fibroin through paraffin-sphere-leaching methods and freeze-drying. (A) Optical stereomicroscopy images of scaffold,

(B) optical microscopy images of scaffold, (C) representative scanning electron microscope (SEM) images of cross-sectional morphology of scaffold;

the scale is 500 μm; and (D) representative SEM images of cross-sectional morphology of scaffold; the scale is 100 μm. This is a magnified view of

the area surrounded by a red line in (C) and shows interconnections between the macropores (black arrows).
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scaffold. This cell scaffold construct is similar to the nat-
ural annulus in its multi-layer structure and mechanical
properties. Additionally, alginate/chitosan can be wet-spun
and freeze-dried to create fibrous scaffolds that support
AF cell growth.29 Collagen–fibrin gels made from demi-
neralized bone matrix and seeded with AF cells show
increased biochemical synthesis and shape fidelity.35

2. Scaffolds with biphasic materials that can mimic the
inner and outer structure of natural AF. Wan et al. fabri-
cated biphasic AF scaffolds with poly (polycaprolactone
triol malate) and demineralized bone matrix gelatin
(PPCLM/BMG).36 The outer layer (BMG) is mainly com-
posed of type I collagen, mimicking the outer layer of
AF. The inner layer is concentric circular PPCLM seeded
with rabbit chondrocytes, mimicking the inner structure
of the AF. The tensile stress of the cell-scaffold construct
is reportedly 3.37 MPa, which is 50-fold that of PPCLM
material and similar to the mechanical properties of the
rabbit normal AF.

3. Acellular AF matrix. Xu et al. compared the effects of
Triton X-100, sodium dodecyl sulfate and trypsin on nat-
ural porcine AF37 and found that Triton X-100 group
completely removes the cells, preserves the structure well,
retains an orderly arrangement of collagen and preserves
the biomechanical properties. Because acellular AF
matrix can mimic angle-ply laminated structures and
retain the main ECM component of natural AF, it may
be the ideal candidate for scaffolds for AF tissue engi-
neering. However, acellular AF matrix is compactly
arranged with insufficient porosity: seeding cells evenly
into the matrix and ensuring they are supplied with suffi-
cient nutrients in vitro and in vivo are the main problems
that need to be overcome by further research.

Scaffolds for Whole IVD Tissue Engineering
The focus of previous studies has been concentrated on fab-
ricating AF or NP scaffolds separately; however, separate
scaffolds cannot mimic the structure and mechanical proper-
ties of discs. There has been little research on scaffolds for
integrated whole IVDs. The methods for constructing whole
IVD can be divided into the following three categories:

1. Integrated biphasic AF-NP scaffolds (Fig. 4). Wu et al.
fabricated integrated biphasic AF–NP scaffolds from
BMG and acellular cartilage matrix, achieving appropri-
ately sized pore and close junctions between the AF and
NP.38 Additionally, these scaffolds are similar to IVD in
structure, biochemical components and biomechanical
properties with good biocompatibility. Choy et al. fabri-
cated biphasic scaffolds from collagen and GAGs, two of
the most abundant extracellular matrix components in
the IVD.14 These biphasic scaffolds are composed of a
collagen-GAG co-precipitate making up the NP-like core
and this is encapsulated in multiple lamellae of photo-
chemically crosslinked collagen membranes, which com-
prise the AF-like lamellae. On mechanical testing, the
heights of engineered discs recovered by 82%–89% in an
annulus-independent manner, compared with a recovery
rate of 99% for native discs. Biphasic scaffolds comprised
of 10 AF-like lamellae had the best overall mechanical
performance because of their similarity in most respects
to native discs, including elastic compliance during creep
and recovery and viscous compliance during recovery.

2. AF and NP scaffolds have been prepared separately,
seeded with cells and assembled into composite AF-NP
constructs. Nesti et al. seeded induced bone marrow-
derived mesenchymal stem cells into poly-L-lactic acid

White rabbits AF tissue AF cells

Wet-spinning process AF scaffold Cell-scaffold composite

A B C

D E F

Fig. 3 Schematic illustration of fabrication of scaffold and AF cells-scaffold composite. (A) Material obtained from New Zealand white rabbits is used

to (B) separate AF tissue followed by (C) digesting to obtain primary AF cells. (D) Wet-spun samples are cut to yield (E) oriented micro-fibrous 3D

scaffolds of 6 mm outer diameter, 3 mm inner diameter and 2 mm thickness. (F) AF cells-scaffold composite are formed by seeding AF cells onto an

AF scaffold.
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(PLLA) electrospun scaffolds and hyaluronic acid gel sep-
arately and combined them to fabricate composite con-
structs that are similar to autologous IVDs (outer layer
similar to the AF, inner layer similar to the NP).39 Simi-
larly, embedding of an agarose NP into an electrospun
PCL AF significantly enhances the mechanical perfor-
mance of constructs over that of agarose gels alone.40

The electrospinning technique can recreate the lamellar
structure of the native AF, which not only enhances the
mechanical properties of composite constructs but also
guides the formation of oriented extracellular matrix by
MSCs to mimic the organization of the native AF.41

3. Scaffolds made of acellular natural IVD. Chan et al.
made IVD scaffolds containing an end plate structure
with acellular bovine IVDs.42 They reported that up to
70% of the cells could be removed by adjusting the
chemistry and physics decellularization variables. These
relatively acellular discs retain GAG content, the struc-
ture of collagen fibers and biomechanical properties. NP
cells implanted into acellular IVD scaffolds survive more
than 7 days, demonstrating that these scaffolds have
good cell permeability.

Seed Cells for IVD Tissue Engineering
Seed cells used to construct IVDs include NP cells, AF cells,
chondrocytes, MSCs, induced pluripotent stem cells (iPSCs)
and so on.43–46 Currently, NP and AF cells are the most
commonly used seed cells for animal experiments and IVD
tissue engineering in vitro. Growth factors are sometimes
used in conjunction with NP and AF cells to encourage
greater ECM deposition. Of the myriad used, the most

common are transforming growth factor-β and bone mor-
phogenetic protein-2. Although these do increase accumula-
tion of collagen and GAGs, they have been shown to cause
ossification of the AF region.22 Additionally, many problems
hinder the clinical application of NP and AF cells, such as
cell sampling difficulties, limited cell sources, de-
differentiation and markedly reduced cell function.

Recent studies have confirmed that iPSCs can over-
come the problems of finite proliferation and differentiation
ability of MSCs and be induced to develop into chondro-
cytes, AF and NP cells, thus avoiding the ethical controversy
around using embryonic stem cells.43 iPSCs are therefore
good candidates for seed cells for IVD tissue engineering.
MSCs have also been proposed as an appropriate cell source
for IVD regeneration, an increasing number of studies hav-
ing demonstrated the ability of both bone marrow-derived
MSCs (BM-MSCs) and adipose-derived stem cells (ADSCs)
to differentiate into disc-like phenotypes. In vivo studies have
also demonstrated the ability of implanted MSCs to enhance
matrix production, particularly GAG synthesis, and increase
disc height and hydration.47 Because ADSCs can be obtained
easily in large quantities, proliferate rapidly in vitro, cause lit-
tle damage to donor areas, and can be induced to develop
into disc-like cells under appropriate conditions (such as
induction by transforming growth factor-β1 or co-culture
with NP cells), they are suitable candidates for seed cells for
IVD tissue engineering.48 Zhang et al. reported that ADSCs
grew well in a chitosan-alginate gel scaffold and produce
more proteoglycan and type II collagen in a hypoxic state
than in a normoxic state.49 Furthermore, several types of
stem cells have successfully been isolated from AF, NP and

Step 1: Fabrication of AF phase of scaffold

femur
bone cylinder

decellularization punch

bone ring

Step 2: Fabrication of NP phase of scaffold

cartilage slices

shatter decellularization

microfilaments with cells microfilaments without cells

Step 3: Fabrication of biphasic scaffold

lyophilization and
cross-linking

Fig. 4 The fabrication process for biphasic IVD scaffolds, which are made using a simple freeze-drying and cross-linking technique using pig BMG for

the outer AF phase and pig acellular cartilage extracellular matrix for the inner NP phase.
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cartilage endplate. Using MRI, X-rays, histologic examination
and so on, Wang et al. compared the regenerative potentials
of the above-mentioned three types of disc-derived stem cells
with that of the classic BM-MSCs in a rabbit disc degenera-
tion model50 and found that cartilage endplate-derived stem
cells have better regenerative capacity than AF-or NP-
derived stem cells and BM-MSCs. This study demonstrated
that cartilage endplate-derived stem cell-seeded alginate con-
structs have the most powerful ability for NP regeneration.
To sum up, the main trend of future research will likely be
that stem cells are induced to develop into disc-like cells and
seeded into scaffolds to form tissue-engineered IVDs.

Construction of Tissue Engineered Whole IVDs and
Animal Experiments
Previous studies have mainly focused on constructing sepa-
rate NP or AF tissue. In recent years, tissue-engineered
whole IVDs have gradually been developed by combining
constructed tissue engineered AF and NP. A series of rele-
vant studies has been performed in vitro and in vivo in a
nude mice, small animal model of IVD regeneration.

Mizuno et al. were the first to construct whole IVDs
with oval AF scaffolds made of polyglycolic acid-PLLA
seeded with goat AF cells, their centers being injected with
alginate gel seeded with NP cells.51 The constructed whole
IVDs were implanted and cultured subcutaneously in nude
mice and it was found that the gross morphology of the con-
structed disc tissue was similar to that of natural IVDs. The
outer AF-like tissue contained more collagen type I and the
central NP-like tissue more type II collagen, the distribution
of these components thus being similar to that in natural
IVDs. Furthermore, the ECM increased with time, the DNA
content being 50% greater and the elastic modulus fourfold
that in natural tissue at 16 weeks. Nesti et al. seeded induced
bone marrow stem cells into PLLA electrospinning scaffolds
and hyaluronic acid gel, cultured for 28 days and constructed
IVD-like composite tissue.39 The seeded cells differentiated
towards chondrocytes with time, as confirmed by histology,
biochemical analysis, immunohistochemistry and gene
expression. The outer layer was similar to the AF and the
center to the NP. Zhuang et al. seeded rabbit AF and NP
cells into scaffolds made of demineralized bone matrix gela-
tin and type II collagen/hyaluronic acid/chondroitin-6-sulfate
to construct tissue-engineered IVDs that they then implanted
and cultured subcutaneously in nude mice.52 The gross mor-
phology and biochemical components of the constructs
(DNA, GAG and collagen content) were similar to those of
natural discs 12 weeks later and the content of biochemical
components increased with time.

Bowles et al. fabricated anatomy-matching tissue-
engineered discs according to the anatomical parameters of
the rat tail measured by microCT and MRI.53 The AF phase
was made of oriented type collagen seeded with goat AF cells
and the NP phase of alginate gel seeded with goat NP cells.
These tissue-engineered IVDs were implanted into disc
defects in athymic rats’ tails and survived for up to 6 months

in the intervertebral space. They maintained disc space
height and secreted ECM, integrated well with the spine and
ultimately developed mechanical and biochemical character-
istics similar to those of autologous IVDs. This study may
provide a basis for clinical applications of tissue engineered
IVD. Subsequently, Bowles et al. reconstructed L4–5 disc
defects in athymic mice with tissue engineered IVDs using
the same technology (n = 5).54 Sixteen weeks later, three ani-
mals had fully or partially maintained the intervertebral
height and biochemical components similar to those of
autologous IVDs were confirmed by histological staining.
Martin et al. constructed acellular electrospinning PCL scaf-
folds with a disc-like angle-ply structure to repair disc defects
in rats’ tails.55 They showed that the dense PCL formed a
disc-like angle-ply structure that was unable to guide the
ingrowth of endogenous cells and achieve disc repair. After
the interlaminar space had been increased by adding a
water-soluble polyethylene oxide, endogenous cells grew into
these scaffolds and produced a collagen network structure.

The above studies confirm that constructing tissue-
engineered composite AF-NP tissue offers a feasible method
for the construction of integrated IVDs and provides a basis
for the further study of constructing tissue-engineered
whole IVDs.

Effect of Mechanics on ECM Secretion and Construction
of Tissue Engineered IVD
Discs are the largest avascular organs in human bodies. The
exchange of nutrients and metabolites is achieved by infiltra-
tion and convective diffusion and the mechanics can directly
produce convective transport. It has been found that the
mechanics have direct and indirect effects on the metabolism
and growth of disc cells, and cyclic force and appropriate
dynamic loading can promote the metabolism, gene expres-
sion and matrix secretion of IVD cells.56–59 Varying results
can be achieved by changing the magnitude and frequency
of loads.60,61 For example, 2% cyclic strain can cause up-
regulation of GAG gene expression and down-regulation of
matrix metalloproteinase gene expression in human AF
cells.62 By culturing isolated IVDs, it was found that GAG
content was better retained under appropriate loads
(0.2–1 MPa, 1 Hz) than by static culture.63 The magnitude,
frequency and duration of dynamic compression affects the
physiological function of discs, physiological magnitude, fre-
quency and duration of load being beneficial to the metabo-
lism of synthetic disc cells. Barbir et al. found that cyclic
compression and torsion had different biological roles during
culture of isolated rabbit IVDs.58 Cyclic compression
increases the NP metabolism, whereas cyclic torsion (1 Hz,
90 min, � 5�, � 15�) increases the gene expression of elas-
tose, which can be remodeled under shear stress. However, a
large magnitude of torsion (� 30o) increases gene expression
of tumor necrosis factor-α and interleukin-1β, indicating the
effects of damage.

Chik et al. used MSC and collagen to build tissue-
engineered spinal motion segment constructs that included
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two subunits (an NP core and surrounding AF multilayer
structure).64 The constructs were cultured in a bioreactor
under compressive, torsional or compressive/torsional stress
and it was found that chondrocyte culture medium could be
used to stabilize the osteochondral subunits, cyclic compres-
sive stress promoted optimization of fiber matrix structure,
cyclic torsional loading promoted optimization of the cell
arrangement on the layered AF and the number of AF layers
affected the mechanical properties of spinal motion segment
constructs. This study can be regarded as a milestone in the
construction of functional whole IVDs, providing a 3-D
model for studying tissue maturation and function
reconstruction.

Existing Problems and Future Directions
Analysis of previous research leads to the conclusion that
disc degeneration requiring discectomy or artificial disc
replacement is an indication for repair by tissue-engineered
whole IVDs. Functional whole discs implanted into human
must possess good biomechanical strength and function; the
following problems needs to be further studied:

1. Seed cells: the characteristics of AF and NP cells need to
be further clarified and the differences between them
identified. Limited cell sources hinder the wide applica-
tion of IVD tissue engineering and needs to be expanded.

2. Scaffold material: an ideal biomimetic IVD scaffold that
contains AF, NP and cartilage endplate has not yet been
developed.

3. Growth factor: there is still little research on the effects
of growth factors (such as growth differentiation factor-
5) and/or gene therapy on disc cells; this topic needs to
be studied further.

4. Bioreactors: bioreactors that can create a mechanical
environment similar to that in vivo are not yet available,
hindering research on IVD tissue engineering in vitro.

It is possible that the problem of limited cell sources
will be solved by MSCs with their capacity for multipotent
differentiation. Designing and fabricating biomimetic NP,
AF and cartilage endplate scaffolds that can be assembled
easily and integrate well or developing integrated biomimetic
disc scaffolds that function well and have similar compo-
nents and structure to native discs may become new research
trends. To mimic the mechanical environment in vivo, devel-
opment of a bioreactor capable of applying biomimetic
mechanical loads (axial compression and torsion) that can
promote differentiation of seed cells, ECM secretion and
arrangement, structural optimization and functional matura-
tion is needed.

Summary

DDD is recognized as one of the most serious degenera-
tive disorders that dramatically affect quality of life.

Because both conservative and surgical treatments target the
relief of symptoms but not tissue regeneration, satisfactory
long-term result cannot be achieved with these modalities.
Regenerative therapy for DDD is the most advanced type of
research in spinal surgery. Although a perfect regenerative
strategy for treating DDD has not yet been developed, great
progress has been made in the construction of tissue-
engineered IVDs. We believe that IVD tissue engineering will
result in revolutionary progress in the treatment of DDD
with the development of relevant research.
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