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ABSTRACT

Osteoporosis and intervertebral disc degeneration (IDD) are both age-related diseases of the musculoskeletal system. With the average life expectancy longer than
ever, the morbidity caused by these two diseases is increasing. Nowadays, treatment strategies for osteoporosis are mainly aimed at increasing the mineral density of
the bone. Some of these therapies, including vitamin D, calcium, bisphosphonates, Wnt signal activators and parathyroid hormone regulators, have been suggested to
be capable of causing calcification of the cartilage endplate in the intervertebral disc. This alteration could block nutrient and oxygen transportation to the center part
of the disc, thus lead to intervertebral disc degeneration. Consequently, we hypothesize that osteoporosis therapies might be a potential risk for IDD. This assumption
indicates that we should take the alterations of the cartilage endplate into consideration in further osteoporosis treatment to avoid IDD in the patient.

Introduction

Osteoporosis is a disease characterized by the systemic impairment
and structural deterioration of bone tissue. It could lead to reduced
bone mineral density and complicated bone fractures such as vertebral
compression fractures, forearm fractures and hip fractures, and related
pains [1]. IDD is an important factor that leads to low back pain, which
results in worldwide socioeconomic implications. These two diseases
may coexist in aged population and the treatment strategies for osteo-
porosis may impact on the intervertebral disc of the spine. It is notable
that studies have reported osteoporotic patients tend to present in-
creased disc heights in comparison to the normal population, indicating
osteoporosis could delay IDD [2]. Therefore, treatment for osteoporosis
might reduce or terminate the unknown protection for the inter-
vertebral disc. Currently, treatment options for osteoporosis include
therapies mitigate or reverse the loss of bone [3]. With the application
of antiresorptive agents and osteoanabolic agents, these options are
aimed for inhibiting bone resorption and stimulating bone formation. In
addition, nonpharmacologic approaches are also important for osteo-
porosis to limit fracture risk. Because these strategies influence the
balance of calcium deposition in the musculoskeletal system, they
might also have a pathological impact on the cartilage endplate of the
intervertebral disc.

Cartilage endplate in intervertebral disc

The intervertebral disc consists of three sub-parts, the central ge-
latinous nucleus pulposus (NP), the surrounding annulus fibrosus (AF)
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and the cartilage endplate connecting adjacent vertebras [4]. The car-
tilage endplate is a horizontal layer of hyaline cartilage and forms as an
important morphologically and functionally distinct junction between
the disc and the vertebral body. In normal adult human disc, the blood
supply is limited to the outer few millimeters of the AF. This unique
structural character makes the disc depend solely upon bulk fluid flow
for the transport of nutrient and oxygen through the cartilage endplate.
In addition, there are vascular terminations in the vertebra-endplate
zone acting as canals for diffusion of nutrient and oxygen toward the
intervertebral disc [5].

Osteoporosis therapies could lead to cartilage endplate
calcification

The goal of osteoporosis therapy is to rebalance bone resorption and
apposition, increase bone mineral density and reduce the fracture risk.
Nowadays, drugs available for osteoporosis treatment include anti-
resorptive agents and osteoanabolic agents. These therapies are aimed
for inhibiting bone resorption or stimulating bone formation [6]. While
these agents can up-regulate the bone mineral density, they could also
enhance the phosphate deposition of cartilage, thus result in cartilage
calcification in some degree. Because the cartilage endplate of the disc
belongs to hyaline cartilage, it could be affected by therapies for os-
teoporosis.

It is well known that vitamin D and calcium intake are essential and
regular treatment for osteoporosis. However, the application of vitamin
D and calcium can cause cartilage calcification [7,8]. Among the anti-
resorptive therapies, bisphosphonates represent the most frequently
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used agents for the management of osteoporosis. It has been shown
bisphosphonates could affect cartilage metabolism with specific
changes in mineralization [9,10]. Studies have shown that the Wnt
signals play an essential role in promoting osteoblast differentiation and
mineralization [11,12]. Therefore, one of the most commonly used
options for osteoporosis is to activate the Wnt signaling pathway as a
therapeutic target. These therapies include antibodies against sclerostin
or Dickkopf-1, etc [13]. However, the activation of Wnt signal could
mediate calcification in cartilage [14]. Multiple reports indicate that
Wnt signals promote osteogenic differentiation of multipotent pro-
genitors during endochondral ossification [15,16]. These findings sug-
gest that the therapies aiming for Wnt activation could cause the cal-
cification of cartilage endplate in the disc. Moreover, novel osteoporosis
drugs such as calcilytics, which is used to stimulate the secretion of
parathyroid hormone, could also cause calcium deposition in the car-
tilage [17]. Taken together, it is reasonable to assume that treatment for
osteoporosis therapies could lead to cartilage endplate calcification in
the intervertebral disc.

Cartilage endplate calcification plays an important role in IDD

IDD is characterized by a series of changes including cell phenotype
alternation, cell death, altered matrix synthesis and breakdown of ex-
tracellular matrix. Anatomically, the NP showed extracellular matrix
degradation and water content reduction. The AF showed disruption of
the collagen lamellae as fissures extend. Among these, the calcification
of the cartilage endplate is thought to play an important role in IDD
progress. Major age-related changes in the cartilage endplate of the disc
in humans are reported to occur at the end of the first decade of life
[19]. Along with aging, pathological changes occur in the cartilage
endplate with abnormal stress load damage. During this process, cal-
cification of the cartilage endplate is one of the most common patho-
logical characters [20]. Studies have shown that the calcification of the
cartilage endplate is an important contributor to IDD by obstructing
nutrient and oxygen supply to the center NP of the disc [21,22]. This
abnormal condition leads to cell death and inflammatory factors ac-
cumulation in the NP and thus results in the decrease of the extra-
cellular matrix [4]. This pathological state alteration the mechanical
balance of the disc, and cause increased lamellar disorganization and
fissures in the AF. Therefore, cartilage endplate calcification plays an
important role in IDD.

While calcification of the cartilage endplate plays an important role
in IDD, it is noteworthy that that there are many other pathologi-
cal changes in IDD, such as neovascularization, inflammatory cytokines
accumulation, cartilage endplate and vertebrae structural damage and
extracellular matrix change. In the study of Li et al. deletion of Opg was
found to increase neovascularization and inflammatory cytokines ex-
pression in the intervertebral disc and lead to IDD [23]. Also, Xiao et al
found that osteoporosis of the vertebra and osteochondral remodeling
of the endplate could to cause angiogenesis and affect matrix metabo-
lism and lead to IDD in ovariectomized mice [24]. In the study of Luo
et al. salmon calcitonin treatment was found to effectively delay the
process of IDD by vertebrae structure preservation [25]. Moreover,
studies have found that abnormal WNT signaling could result in end-
plate damage such as Schmorl nodes and lead to age-related spinal
pathology [26,27]. Notably, cartilage endplate and vertebrae change
can be found both in osteoporosis and IDD. This phenomenon could
explain the positive correlation of these two diseases and support the
assumption that osteoporosis could accelerate IDD in some cases
[18,27]. For this reason, proper alendronate application aiming to
manage vertebrae and endplates structures while not cause excessive
cartilage endplate calcification, could retard the progression of IDD
[28,29]. Nevertheless, we could not ignore the possibilities of osteo-
porosis therapies in inducing IDD by cartilage endplate calcification.
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Fig. 1. Schematic representation for explaining the potential mechanism of
osteoporosis therapies in inducing intervertebral disc degeneration. Like the tip
of the iceberg, it is well known that osteoporosis therapies can increase bone
mineral density and reduce the fracture risk. However, potential risk might
exist in the impact of these therapies on cartilage endplate, such as calcification.
These pathological changes could block nutrient and oxygen to the disc and
eventual lead to intervertebral disc degeneration.

Hypothesis

We hypothesize that osteoporosis therapies might result in cartilage
endplate calcification, thus lead to IDD (Fig. 1). This hypothesized
condition could be more common in aged population which have
shown early IDD pathological feature.

Consequences of the hypothesis

With the extending of the expected average life span, osteoporosis
and IDD are attracting more and more attention as age-related health
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conditions. The coexistence of these two diseases could be more
common in aged population. Nowadays, treatment strategies for os-
teoporosis are mainly aimed at increasing the mineral density of the
bone. However, these therapies might cause the cartilage endplate
calcification. This undesired effect could eventually lead to IDD by
blocking nutrient and oxygen transportation to the center part of the
disc. Clinically, this assumption indicates us that we should take these
pathological alterations of the cartilage endplate into consideration in
further osteoporosis treatment to avoid IDD in the patient.
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