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Abstract

Mg  is widely involved in human physiological processes that may play key roles in the generation and

progression of diseases. Osteoarthritis (OA) is a complex joint disorder characterized by articular cartilage

degradation, abnormal mineralization and inflammation. Magnesium deficiency is considered to be a major

risk factor for OA development and progression. Magnesium deficiency is active in several pathways that

have been implicated in OA, including increased inflammatory mediators, cartilage damage, defective

chondrocyte biosynthesis, aberrant calcification and a weakened effect of analgesics. Abundant in vitro and

in vivo evidence in animal models now suggests that the nutritional supplementation or local infiltration of

Mg  represent effective therapies for OA. The goal of this review is to summarize the current understanding

of the role of Mg  in OA with particular emphasis on the related molecular mechanisms involved in OA

progression.
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Introduction

Osteoarthritis (OA) is currently one of the most prevalent chronic diseases and is a major source of pain,

disability and socioeconomic cost worldwide. Prevalence studies show that OA affects an estimated 10% of

men and 18% of women over 60 years of age [1]. Joint replacement is the primary means of treatment for

arthritis; however, this procedure has substantial adverse outcomes and a finite prosthesis lifespan. Current

goals of OA research include reduction of OA morbidity and new prevention and treatment methods.

The pathogenesis of OA is not fully understood; however, the enhanced production of pro-inflammatory

cytokines, predominantly interleukin (IL)-1 and tumor necrosis factor (TNF) α, in addition to extracellular

matrix mineralization and cartilage degradation, are important features of OA pathophysiology [2]. Clinically,

OA is characterized by joint pain, stiffness and limited mobility [3]. New therapeutic strategies for alleviating

pain and mitigating early pathological changes have been proposed for the treatment of early osteoarthritis

[4], [5].

Mg  is the second most abundant intracellular and fourth most abundant extracellular cation and is a

microelement in the human body [6]. The adult human body contains approximately 24 g of magnesium—

approximately 60%–65% in bones and, teeth and approximately 27% in soft tissues. Magnesium is an

essential mineral that is needed for numerous physiological functions. Emerging evidence indicates that

magnesium deficiency has a strong relationship with osteoarthritis. The Mg  contents of biological samples

(blood, serum, and scalp hair) from rheumatoid arthritis patients are lower than referents in both genders

[7]. Numerous studies show that low dietary intake of Mg  is associated with OA [8], [9]. Therapeutically,

magnesium salicylate, a magnesium salt applied in the treatment of clinical diseases, is effective in treating

osteoarthritis [10]. The role of Mg  in OA is currently being studied in detail, and recent investigations have

yielded new and exciting knowledge; this review aims to describe this new knowledge.

Section snippets

Magnesium and the inflammatory response

Several systematic studies have been conducted in recent years to determine the molecular mechanisms and

roles played by Mg  in a state of inflammation. Experimental magnesium deficiency in rats induces a series

of inflammatory syndromes characterized by macrophage and leukocyte activation, the release of

inflammatory cytokines and acute phase proteins, and the excessive production of free radicals. Elevated

levels of pro-inflammatory cytokines (such as interleukin (IL)-6 and TNFα) play…
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Extensive studies have revealed that damage to joints induced by a magnesium-deficient diet is identical to

that by quinolones [30], [31]. A study on juvenile Wistar rats showed that supplementation with Mg  can

decrease joint cartilage lesions; a combination of vitamin E and Mg  produced a better protective effect of

cartilage [32]. We reasoned that if magnesium protects joint cartilage, Mg  can directly enhance

chondrocyte proliferation and increase growth factor effectiveness by…

Inhibition of aberrant mineralization

Articular chondrocalcinosis is characterized by the deposition of calcium pyrophosphate dehydrate (CPPD)

crystals in articular cartilage [46]. Clinical manifestations of CCPD-induced articular diseases can present as

acute synovitis, degenerative arthritis, chronic arthritis and certain forms of periarthritis [47], [48], [49].

CCPD-induced diseases commonly occur in elderly people. A cross-sectional study found that

hypomagnesemia was associated with chondrocalcinosis [46]. In that study, the…

Analgesic effect

Patients suffering from arthritis ordinarily display joint pain. This joint pain severely impairs the patient's

quality of life and significantly inhibits their daily life. Emerging evidence indicates that magnesium is

effective in the treatment of arthritis and can significantly decrease a patient's pain [66], [67], [68]. The

intra-articular injection of Mg  is effective for postoperative analgesia in patients after arthroscopic knee

surgery [69]. Mg -deficient rats demonstrate mechanical…

Future research directions

Therapies for OA, which are intended only to treat symptoms and alleviate pain or ultimately accept the total

knee replacement surgery, do not slow the rate of disease progression. Effective strategies that increase our

understanding of OA pathogenesis are essential for the development and evaluation of new disease-

modifying therapies. More research is needed to identify the early molecular players in OA pathogenesis.

Abundant in vivo and in vitro evidence now suggests that Mg  is an important…

Conclusion

Mg  deficiency may influence several of the pathways involved in OA pathology, including the progressive

loss of articular cartilage, abnormal bone formation and tissue inflammation, which collectively culminate in

pain, loss of joint function and disability (Fig. 2). The evidence presented in this review strongly supports the

hypothesis that Mg  deficiency is a factor in OA onset and progression. Furthermore, the nutritional

supplementation of Mg  or local infiltration may represent a…
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