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ARTICLEINFO ABSTRACT
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Intervertebral disc degeneration is a natural process of aging. It can cause physical, psychological, and socio-
economic impact due to the decreasing function of the spine and pain manifestation. Conservative and surgical
treatment to correct symptoms and structural anomalies does not fully recover the degenerated dise. Several

g:l;l.eﬂ'l;igy . therapeutic approaches have been developed to improve the clinical result and patient’s quality of life. This
Growth facfgrs paper aims to review previous studies that discussed potential novel approach in order to make effective
Stem cells degenerated disc restoration. We tried to briefly describe IVD, IDD, also review several promising current

therapeutic approaches for degenerated dise treatment, including its e to the deg ation process and
limitation to be applied in a clinical setting. There are generally four current therapeutic approaches that we
reviewed; growth factors, small molecules, gene therapy, and stem cells. These new approaches aim to not only
correct the symptoms but also restore and delay the degeneration process.

1. Introduction The incidence of degenerative disc disease of the whole spine in a

population aged less than 50 years was 71% for men and 77% for

The intervertebral disc (IVD) is a structure consisting of fibro-
cartilage that lies between the vertebral bodies to provide flexibility and
hold compression. Intervertebral disc degeneration (IDD) is a natural
process of aging [1] [-] [3]. Degenerative disc disease has been asso-
ciated with structural failure and lowering the patient’s quality of life,
manifesting as chronic back pain and limiting activities [2] [-] [4]. The
start of the [DD process has been observed as early as age eleven, and
blood supply to the vertebral endplates started to diminish since the age
of twenties [3].

women, and in population aged, more than 50 years was >90% in both
genders [5,6]. Back pain is a major health issue with prevalence between
12% and 30%, with around 10% developing into chronic back pain [5].
It affects not only physical well-being, but also psychological as it in-
creases stress, depression, an.83d anxiety. The socioeconomic impact
has also been affected due to the increasing cost by the year [3] [-] [5].

There are several treatment options currently available for IDD, but
the widely used method are still either conservative treatment with
medications or invasive treatment with surgery [4,5]. These methods

# Department of Orthopaedics and Traumatology, dr. Soeradji Tirtonegoro General Hospital, Klaten, Indonesia/Faculty of Medicine, Public Health, and Nursing,

Universitas Gadjah Mada, Yogyakarta, Indonesia.

* Corresponding author. Sport and Adult Reconstructive Division, Orthopaedics and Traumatology Department, Dr. Soeradji Tirtonegoro Hospital, Indonesia/
Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada, Yogyakarta, Indonesia.
E-matl addresses: doktergustomrhatomy@yahoo.com, sholahuddin.rhatomy@ugm.ac.id (S. Rhatomy).

hetps://doi.org/10.1016/j.amsu.2022. 103619

Received 25 February 2022 Received in revised form 8 April 2022; Accepted 9 April 2022

Available online 15 April 2022

2049-0801,/© 2022 The Authors. Published by Elsevier Ltd on behalf of LIS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/ licenses /by-ne-nd/4.0/).




Romaniyanto et al.

are only correcting symptoms and not reversing the degeneration pro-
cess, thus requiring follow-up treatments and building up further med-
ical bills [1,5]. Several novel treatment options are currently under
research and orthopedic doctors are required to have an understanding
of current therapy development to give the best medical advice for their
patients. We tried to briefly describe IVD, IDD, also review several
promising current therapeutic approaches for degenerated disc treat-
ment, including its relevance to the degeneration process and limitation
to be applied in a clinical setting. This study followed the PRISMA
criteria [7] and.

2. Anatomy and physiology of the normal intervertebral disc

The IVD is an important structure of the spine to support the normal
functioning of the spine, providing connection to the vertebral bodies [&,
9]. It is a pad of fibrocartilage and the primary joint between two
vertebrae in the spinal column [9,10]. It depends on oxygzen and nutri-
ents diffused via the endplate since it is avascular [9]. Major compilers
of the IVD are glycosaminoglycans, collagen, and aggrecans. There are
25 discs in the human spine: seven in the cervical region (neck), twelve
in the thoracic region (middle back), five in the lumbar region (lower
back), and one in the sacrum region [1,2,9].

The IVD consists of mainly three parts: the central nucleus pulposus,
surrounding annulus fibrosus, and two cartilaginous endplates [10,11].
The gelatinous nucleus pulposus is composed of small chondrocyte-like
cell and notochordal cells clusters embedded in the extracellular matrix
made up of type Il collagen fibers and elastin that contain
negative-charged side chains of proteoglycans that contributes to the
high hydration and osmolarity of the nucleus pulposus, making the IVD
able to resist burden from pressure and to reverse its form [1,11]. Since
the beginning of nucleus pulposus formation, it has been trapped in the
IVD by the surrounding annulus fibrosus and vertebral cartilaginous
endplate, thus isolating the nucleus pulposus from the host immune
system [12,13].

The annulus fibrosus consists of a sequence of 15-25 stacked
lamellae of collagen fibers, therefore providing a tensible structure and
effective resistance from multidirectional movement. Itis also composed
of with interspersed proteoglycans, glycoproteins, elastic fibers, and the
connective tissue cells that secrete these extracellular matrix products
[2,9]. Annulus fibrosus consists of outer and inner portions, which differ
primarily in their collagen composition. The inner annulus fibrosus is
composed of several layers of fibrocartilage with predominantly type II
collagen and more proteoglycans, whereas the outer annulus fibrosus is
a fibrous tissue comprised of type [ collagen fibers, making the structure
able to stretch and hold compressive loads. Approaching the outer
annulus fibrosis, type I collagen fibers content increases, while type II
collagen fibers and proteoglycans are reduced [1,2,14].

The cartilaginous vertebral endplate is a layer of hyaline cartilage
that covers the inferior and superior ends of the disc (each about 0.6-1.1
mm thick) which plays a key role in transporting fluids and solutes from
going inside or outside of the disc, thus providing nutrition for the disc.
Similar to the articular cartilage, the extracellular matrix of the carti-
laginous vertebral endplate consists of type II collagen inveterate with
chondrocytes [14].

3. Intervertebral disc degeneration

The IDD can result from the physiologic aging process or patholog-
ical process, both may present as symptomatic or asymptomatic cases.
The etiology of IDD is complicated [15,16]. Almost immediately after
birth, the biochemical and cellular structure of the IVD begins to change
and the process progresses through life. Most degeneration begins in
early adulthood and progresses with age [16].

The disappearance of large vacuolated notochordal cells in the nu-
cleus pulposus at around 10 years of age and calcification of the carti-
laginous vertebral endplates are considered to initiate and exacerbate
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the degeneration process [17]. With the loss of notochordal cells, the
dominant cells that make proteoglycans and maintain the gelatinous
consistency, proteoglycans synthesis is decreased [18]. Accompanied by
the conversion of collagen synthesis, reducing type Il and increasing
type I, the increase of matrix metalloproteinase (MMPs) synthesi-
s/activity and apoptotic nucleus pulposus cells, contribute to the
degeneration process. Degradation of the extracellular matrix and loss of
proteoglycans reduced the height and loading capacity of the IVD [1,
18]. Calcification of the vertebral endplates decreased the supply of
nutrients to the IVD, further exacerbating the process [15].

The possible environmental risk factors for IDD are unsanitary life-
style, smoking, lack of physical activity, trauma, and exposure to me-
chanical load. The aging process results in dehydrated nucleus pulposus
which is unable to balance the loads properly within the adjacent
vertebrae. Thus, the loads eventually outspread the annulus pulposus
region causing mechanical and gradual structural destruction, resulting
in radial annular tear and herniation of the nucleus pulposus [4,19].

Discogenic pain is mostly present in IDD patients as a result of in-
flammatory responses [20,21]. It is exacerbated by pro-inflammatory
cytokines, such as tumor necrosis factor-w (TNF-u) and interleukin-1p
(IL-1p). In degenerated disc, the number of senescent cells are increased,
and these senescent cells secrete a senescence-associated secretory
phenotype (SASP), which increases the secretion of pro-inflammatory
cytokines, chemokines, and tissue-damaging proteases [21].

In the normal spine, only the outer annulus fibrosus is innervated. In
the degenerated discs, the distorted tissue contains nerves, therefore
causing pain [22]. In a mouse model with spontaneous degeneration, an
increase of sensory innervation corresponding with age was found in the
IVD. The vertebral endplates also experience an increase of innervation,
found in discogenic low back pain patients. The identified inducers of
nerve growth are TNF-u, IL-1, IL-37, IL-38, IL-39, and nerve growth
factor (NGF) [ 18,23]. The discogenic pain signal passes through the IVD
and adjacent structures, transmitted through peripheral afferent nerve
fibers. Nerve fibers interact with inflammatory mediators in the nucleus
pulposus and cause discogenic low back pain [23].

4. Treatment for intervertebral disc degeneration

There are two common strategies for IDD management, conservative
and surgical treatment [4,5]. In the early stages of the disease, treatment
options such as analgesics, physical therapy, and anti-inflammatories
are given to reduce pain. In advanced cases, corticosteroid injections
can be given to treat radicular symptoms [24]. Surgical treatment may
be undertaken to help relieve symptoms as definitive therapy for pa-
tients unresponsive to symptomatic medications [4,24].

Treatment options for a pain reliever in conservative therapy consist
of physical strengthening, physiotherapy, injection, and oral medica-
tion. The role of conservative therapy is primarily to improve the pa-
tient’s physical well-being and quality of life by providing a platform for
the body to adapt [1,25]. Physical exercise, especially back muscle
strengthening, is clinically recommended to help reduce pain. In animal
model studies, physical exercise helps in IVD cell proliferation, specif-
ically exercises with moderate to a high volume of low repetition and
frequency. It improves the paraspinal muscle strength, therefore
reducing pain and disability [25].

Pain reliever oral medication choices non-steroidal anti-inflamma-
tory drugs (NSAIDs) and acetaminophen, opiocids, and muscle relaxants.
Medication is given to patients with symptomatic degenerative disc
disease without contraindication to the drugs [4,26]. Education for
self-management back positions and reassurance is given alongside the
medication. Patients are encouraged to have an early return to activity
[20,26]. In patients with chronic lower back pain, multimodal rehabil-
itation is needed on top of the treatment for acute back pain. These
medications only work in relieving pain for the short term but did not
interfere in delaying the development of disc degeneration [26].

Injection pain reliever aims to decrease inflammation, providing
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temporary anesthesia in the area where the irritated nerve is involved.
Giving a volume of fluid to the region gives hydrostatic pressure effect to
correct adhesiolysis between the neural elements and the degenerated
disc. Epidural corticosteroid injections and peri radicular corticosteroid
injection are the choices in IDD pain reliever injection [27].

Epidural steroid injection (ESI) is given within the spinal cord's
epidural space through several routes such as interlaminar, trans-
foraminal, and caudal injection [28]. The epidural steroid injection ef-
fect is limited in areas of the spine where adhesions are formed from
previous spinal surgery, ruptured disc, cyst, and chronic degeneration of
disc and flavum. It is preferred to have adhesion lysis done before
starting ESI treatment to increase responsiveness. The effect of ESI is
temporary, and the rare of long-term success is variable [27,28].

It is important to determine the area of pain in treating [DD, because
patients are often present with several levels of disc degeneration with
associated spinal canal central, lateral recess, and foraminal stenosis as a
result of the facet hypertrophy due to arthritis, decreased of disc height,
and thickening of the ligamentum flavum. The patient may present with
mixed pain associated with multidirectional movement (Wu et al,
2020).

Peri radicular injection is indicated for nerve root irritation symp-
toms and plays a role as selective nerve root block. However, the efficacy
is limited in cases in which pain originated from mechanical compres-
sions, such as spinal stenosis and foraminal disc herniation [29].
Epidural and peri radicular corticosteroid injection can lead to imme-
diate temporary improvements in pain, function, and quality of life in
radiculopathy. But it is less effective for spinal stenosis, non-radicular
back pain, and facet joint pathology. There is no effect to develop long
term risk of surgery. There is no evidence that shows dose-dependent
effectiveness in amount, frequency, and administration technique of
corticosteroid [30].

The definitive treatment for IDD is surgical treatment [5]. This
method is indicated for patients with acute neurology disruption or
cauda equina syndrome. Chronic lower back pain with the degenerative
disc is a strong candidate for early surgical management [31]. Patients
with clinical symptoms who failed conservative management and were
motivated to have surgery treatment should be evaluated by diagnostic
injection or provocative discogram to assess if symptoms can be relieved
temporarily before being chosen as a surgical candidate [5,31]. Previous
study showed evidence that patients with back pain and disability who
underwent fusion show significant clinical improvement compared to
patients who undergo conservative management with physiotherapy

~
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[31]. It is noted that in the surgery group, there is a higher short-term
cost in 2 years, but the effect of long-term treatment effects calculated
with its economic benefits suggests that surgery is superior to conser-
vative treatment. After fusion was done, there are twice the number of
patients returning to work compared with conservative treatment [5,
271.

5. Current therapeutic approaches for Intervertebral Disc
Degeneration

There are several areas of research growing in search of novel ap-
proaches for IDD therapy, aiming to restore the degeneration process
with the less invasive method. From cellular and genetic modification,
biochemical approach, tissue engineering, and biomaterials application
have been showing beneficial effects on IVD regeneration through in
vivo and in vitro research [10]. We try to summarize the use of growth
factors, small molecules, gene therapy, and stem cells as a current
therapeutic approach for IDD (Fig. 1.).

5.1. Growth factors

The injection of growth factors into the IVD can stimulate the
extracellular matrix synthesis, relieve inflaimmation and delay the
degeneration process [3]. Growth factors are peptides that cause cellular
actions in the target receptors, such as synthesis of proteins, prolifera-
tion, differentiation, and apoptosis of cells. Growth factors commonly
used in treating spine areas are bone morphogenic proteins (BMPs), and
members of transforming growth factor-beta (TGF-p), which stimulates
chondrogenesis and osteogenesis [3,32]. Growth factors increase the
proteins of the extracellular matrix, such as TGF- p, insulin-like growth
factor-1 (IGF-1), epidermal growth factor (EGF), BMPs, and
platelet-derived growth factor (PDGF), promoting anabolic function.
There are other growth factors that downregulate catabolic activity by
reducing inflammatory cytokines such as IL-1, IL-6, TNF-uo, MMPs, nitric
oxide, and prostaglandin E2 (PGE2). Both growth factors with these
activities are applied to help the restoration of IVD. The limitation of this
method is the short biological half-lives, only in hours to days, thus
limiting the application to restore degenerative disc where the growth
factors stability is needed [27].

The multiple growth factors contained in platelet-rich plasma (PRP)
have been a promising alternative strategy for IVD regeneration [24,33].
Platelet-rich plasma can stimulate cell proliferation through its
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numerous bioactive compounds, such as TGF-f3, BMPs, and FGF. In-
jection of a single growth factor has limitations because not a single
growth factor is potent enough in reversing the degenerative process. In
the rabbit disc model, the administration of PRP via hydrogel with
gelatin-based microspheres to the degenerated nucleus pulposus sup-
pressed the degenerative disc progression significantly [24]. Further-
more, the therapeutic effects analysis of this PRP model indicated that
type II collagen mRNA expression levels were higher, and is associated
with greater disc height and preservation of water content. Magnetic
resonance imaging (MRI) findings of reduced inflammatory cells,
increased water content and detainment of morphological features in a
rat model with degenerated IVD, show that administration of PRP has
protective effects. PRP injection in a similar rabbit model of degenerated
IVD also shows significant improvement of disc height and restoration of
chondrocyte-like cells. In human IDD, experimental protocols still need
further research [24,33].

5.2, Small molecules

In DD, pro-inflammatory cytokines play an important role in
developing the degeneration process. Cytokines such as interleukins and
tumor necrosis factors activate the signaling pathway (nuclear factor
kappa-light-chain-enhancer of activated B cells (NFxB) and mitogen-
activated protein kinase (MAPK)) and trigger extracellular matrix
degeneration and attenuate the synthesis of prostaglandin.
Cyclooxygenase-2 (COX-2) also plays a role as inflammatory cytokines
in IDD [34]. Thus, studies among small molecules that can inhibit the
NFxB and MAPK signaling pathway are under research to inhibit the
decrease of extracellular matrix and prostaglandin synthesis [34,35].
Icariin, resveratrol, gefitinib, COX-2 inhibitor celecoxib, and janus ki-
nase inhibitor (JAK inhibitor) antagonist tofacitinib are currently under
research and show promising result in inflammation control, pain
reduction, and delay of the degeneration process prostaglandin [34] [-]
[36]. Small molecule therapy is under in vitro study and shows prom-
ising and beneficial effects in the IDD model. Further research in rele-
vant animal models and organ culture are still needed to confirm the
benetits of delaying degeneration, reservation of weight-bearing physi-
ological function, duration of treatment, and safety effects. In the future,
the selection of small molecules used should be customized based on
individual approaches and adjust the medical and hormonal balance of
the patient to achieve the optimal result, such as menopause or any
underlying diseases [34].

5.3. Gene therapy

Gene therapy studies are mostly still conducted in the laboratory.
This method introduces genes to the target cells via viral or non-viral
vectors in vivo. The target cells are then taken out into a culture me-
dium. After the target genes were altered, the cells are re-implanted to
the target organs by ex vivo. This method has a potentially long-term
effect once the gene is transferred successfully to the original target
cells. These cells with manipulated gene composition will produce
proteins that support IVD regeneration [37]. The challenges in this
method are the involvement of a viral vector for genetic material
transfer contains a risk of complications related to the viral component.
Rather than degenerative condition, the clinical applications of this
method are still limited to medical-emergency threatening conditions,
such as sickle cell disease and cystic fibrosis [37,38].

5.4. Stem cells

Stem cells from synovial tissue, bone marrow, and adipose tissue
mediate changes in vascular and fibrocartilage-like tissue. De novo cells
made in the laboratory are used in cell therapy [39,40]. Through cell
transplant, these cells induce paracrine signaling to stimulate endemic
cells producing substances for disc regeneration. De novo cells can also
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directly participate in homeostasis and production of extracellular ma-
trix production [40]. These cells are generally obtained from embryonic
human nucleus pulposus; chondrocytes, and mesenchymal stem cells
(MSCs) through autologous matured bone marrow and adipose tissue or
allogeneic juvenile and embryonic cells [41,42]. The advantage of this
method is the target injection is the nucleus pulposus which has an
immune-privileged milieu, thus preventing cell migration because it is
contained by the annulus [39,42].

Adipose mesenchymal stem cells (ASCs) used on nucleus pulposus
cells can reduce apoptosis, inhibit the expression of proinflammatory
cytokines (IL-1b and TNF-a), and catabolic factors (MMPs and dis-
integrin). The of ASCs effects on annulus fibrosus cells will increase
proliferation, increase anabolic action, and decrease apoptosis and
expression of catabolic factors and proinflammatory cytokines [43].
ASCs are one of the MSCs and can differentiate into mesoderm tissue,
such as adipocytes, osteocytes, and chondrocytes, allowing them to be
used as material for disc regeneration. There are various sources and
techniques for obtaining ASCs, but the largest source comes from
abdominal fat which can be obtained by abdominoplasty or endoscop-
ically [43,44].

In order for MSCs can be effectively used in regenerative medicine is
to have a sufficient number of cells to reach the location of damage and
be able to survive for a long time. To maximize its reparative capacity
and regeneration, ASCs requires a preconditioning strategy [45]. Envi-
ronmentally modified precondition strategy of lowering oxygen levels
multiplies the multiplication and migration of ASCs by the generation of
reactive oxygen species (ROS) and downstream phosphorylation of
platelet-derived  growth  factor  receptor-beta,  extracellular
signal-regulated kinase (ERK) 1,2, and protein kinase [46,47]. Hypoxia
environment and thermal preconditioning can reduce the number of
cells undergoing apoptosis so that it can increase the potency of MSC
[41].

Apart from environmental modification, the use of a conditioned
medium derived from growth factors, cytokines, chemokines, and hor-
mones can increase the motility and migration capabilities of MSCs
without affecting their multipotential ability [39,48]. The use of EGF in
preconditioning MSCs increases the expression of EGF receptor proteins,
which play a role in accelerating wound healing [43]. Pharmacological
or chemical agents preconditioning is another way to maximize the yield
of ASCs. Agents such as atorvastatin, curcumin, diazoxide, deferox-
amine, valproate, and lithium chloride will improve the survival of the
transplanted MSCs by increasing growth factors, immunomodulatory
capacity, regenerative efficacy, cell migration, and preventing damage
from oxidative stress [45,49].

6. Conclusion

IDD is one of the major health problems that cause chronic pain and
affect a person’s quality of life. The IVD is composed of the nucleus
pulposus, annulus fibrosus, and cartilaginous endplates, which play an
important role in maintaining back structure and mobility. Degenera-
tion of the IVD occurs physiologically or can be a result of a pathologic
cascade and is influenced by several risk factors. Changes in biochemical
and cellular structure in IDD cause pain and IVD destruction. IDD
management with conservative therapy (physical therapy, NSAIDs, and
steroid injection) and surgery did not effective in restoring the structure
and function of the degenerated disc but focused on pain relief.

The aim of current therapeutic approaches is to delay the degener-
ation process and stimulate IVD regeneration to give more resilient
outcomes with various mechanisms. There are methods developed for
the current approach in IDD, which are using growth factors, small
molecules, gene therapy, and stem cells. These methods have their own
challenges and limitations, such as survival of the factors in IVD envi-
ronment to create a regeneration effect; infection and mutation due to
the viral vector effects in delivering the gene target; and costs. Clinical
studies in humans are still in progress by taking into account safety,
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duration of treatment, individual approach. These are a promising

therapeutic approach but still needs further research to be applied in
clinical.
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