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ABSTRACT

Environmental electromagnetic fi elds are nowadays available in all environments today. These 
areas affect the biological system. Controlled interactions with elecrtomagnetic fi elds can have 
positive effects when unrestricted interactions have negative effects. Uncontrolled exposure to 
low-frequency electromagnetic fi elds can cause adverse effects such as signal transduction in 
cells and tissues, cell membrane structure, ion channels, molecular interactions, DNA damage. But 
contrary to controlled exposure, it positively affects tissues. The most obvious example of this is 
seen in the bone and cartilaginous tissue. Repairing fractures and damage in bone and cartilage. 
This has been shown in many studies. Below is a summary of the relevant information.
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GENERAL INFORMATION

Low-frequency electromagnetic ields display several effects on a variety of 
biological tissues as bone and cartilage. A very scienti ic researchs has investigated 
and con irmed the activity of EMF (Electromagnetic ields) on this tissue [1]. In vitro 
and in vivo studies have shown that EMF can change some physiological parameters 
of bone cells, such as proliferation [2], differantiation [3], the synthesis extracellular 
matrix components [3-5] and the production of growth factors. Also, EMF can stimulate 
osteogenesis on the bone. This has been shown in many studies [6]. 

Clinical studies showed EMF exposure might be useful fort he treatment of 
degenerative cartilage disorders such as osteoarthritis [6]. Several studies have 
investigated the effects of EMF on cartilage cells and tissue showing that EMF can 
stimulate chondrocyte proliferation and increase the amount of cartilage ECM 
(Extracellular matrix) components. EMF stimulate proteoglycans (PG) synthesis in vivo 
and in vitro. PG are fundamental components of cartilage ECM and PG loss from tissue 
is observed in OA. EMF can stimulate PG synthesis [7].

Electromagnetic ields have positive effects on bone and cartilage tissue. These 
effects come from wolf law and piezzoelectricity. EMF affects the mobility of K, Ca, Mg 
ions in bone and cartilage. Increases collagen synthesis [8].

Magnetic ields, as another extrinsic factor, were traditionally used complementary 
or alternative therapy. Recent studies found that magnetic ields had some effects 
on cells, tissues, and also on living organisms as a whole. EMF have been shown to 
affect the extracellular matrix of the hyaline cartilage, stimulate bovine condrocyte 
proliferation, increase cartilage extracellular matrix formation, and synthesis of 
proteoglycans. Low- frequency EMF also had positive effects on cartilage proliferation, 
chondrocyte differantiation and matrix production in the rats. It has been shown that 
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0,6 T static magnetic ield increased metabolic activity in human cartilage tissue, 
whereas moderate intensity SMF induced cell proliferation, and high intensity SMF 
(3T) reduced human chondrocyte cell proliferation and induced cell apoptosis [9].

Moderate-intensity SMF have also been shown to promote bone formation and 
prevent decrease in bone mineral density in an ischemic rat model [9]. Decreasing 
in lamation and edema are among the other effects of SMF [9].

According to these experiments and other studies that have emphasized the effect 
of moderate-intensity SMF from 1mT to 1T on many biological functions [10]. It was 
tried to determine the effects of a moderate intensity permanent magnetic ield in 
mT levels on cartilage repair in an animal model. It is hypothesizedthat permanent 
magnetic ields would improve cartilage defect healing and matrix production [10].

Collagens are proteins composedof three polypeptide subunits known as α-chains 
that exist in a unique triplehelix.More than 20 types of collagen exist in animal tissue 
[11]. ECM, ibrillar proteins, proteoglicans, and glycosaminoglycans (GAGs), provides 
an electrochemical environment surrounding cells and conveying signals from the 
exterior of that cell to the interior and vice versa. Many ECM components can be 
affected by EMF, including soluble ions and charged groups in GAGs and pteins. It was 
reported that proteins moved along EMF to reach the binding sites on cell membrane 
receptors. Electromagnetic stimulation also reportedly in luenced the adsorbtion of 
serum proteins, speci ically ibronectin [12]. 

REFERENCES
1. De Mattei M, Fini M, Setti S, Ongaro A, Gemmati D, et al. Proteoglycan synthesis in bovine articular 

cartilage explants exposed to different low-frequency low-energy pulsed electromagnetic fi elds. 
Osteoarthritis Cartilage. 2007; 15: 163-168. Ref.: https://goo.gl/hDmnII 

2. De Mattei M, Caruso A, Traina GC, Pezzetti F, Baroni T, et al. Correlation between pulsed 
electromagnetic fi elds exposure time and cell proliferation increase in human osteosarcoma cell 
lines and human normal osteoblast cells in vitro. Bioelectromagnetics. 1999; 20: 177-182. Ref.: 
https://goo.gl/EzWY6t  

3. Lohmann CH, Schwartz Z, Liu Y, Guerkov H, Dean DD, et al. Pulsed electromagnetic fi eld stimulation 
of MG63 osteoblast-like cells affects differentiation and local factor production. J Orthop Res. 2000; 
18: 637-646. Ref.: https://goo.gl/pXyY2B 

4. Heermeier K, Spanner M, Trager J, Gradinger R, Strauss PG, et al. Effects of extremely low frequency 
electromagnetic fi eld (EMF) on collagen type I mRNA expression and extracellular matrix synthesis 
of human osteoblastic cells. Bioelectromagnetics. 1998; 19: 222-231. Ref.: https://goo.gl/LwR9oY 

5. Hartig M, Joos U, Wiesmann HP. Capacitively coupled electric fi elds accelerate proliferation of 
osteoblast-like primary cells and increase bone extracellular matrix formation in vitro. Eur Biophys J. 
2000; 29: 499-506. Ref.: https://goo.gl/3g0HTL 

6. Thamsborg G, Florescu A, Oturai P, Fallentin E, Tritsaris K, et al. Treatment of knee osteoarthritiswith 
pulsed electromagnetic fi elds: a randomized,double-blind, placebo-controlled study. Osteoarthritis 
Cartilage. 2005; 13: 575-581. Ref.: https://goo.gl/4jZ332 

7. Goldring MB. The role of the chondrocyte in osteoarthritis. Arthritis Rheum. 2000; 43: 1916-1926. 
Ref.: https://goo.gl/0rDGJm 

8. A Aron RK, Ciombor DK, Simon BJ. Treatment of nonunions with electric and electromagnetic fi elds. 
Clin Orthop. 2004; 419: 21-29. Ref.: https://goo.gl/2sW3k6 

9. Jaberi FM, Keshtgar S, Tavakkoli A, Pishva E, Geramizadeh B, et al. A moderate-intensity static 
magnetic fi eld enhances repair of cartilage damage in rabbits. Arch Med Res. 2011; 42: 268-273. 
Ref.: https://goo.gl/Ao001F 

10. Dini L, Abbro L. Bioeffects of moderate-intensity static magnetic fi elds on cell cultures. Mi-
cron. 2005; 36: 195-217. Ref.: https://goo.gl/25HQ5z

11. Guo C, Kaufman LJ. Flow and magnetic fi eld induced  collagen alignment. Biomaterials. 2011; 
28: 1105-1114. Ref.: https://goo.gl/3rENUr

12. Meng S, Rouabhia M, Zhang Z. Electrical Stimulation in Tissue Regeneration. 37-62. Ref.: 
https://goo.gl/nd9yYD


	The effects of EMF (ELECTROMAGNETICFIELDS) on the Bone and CartilageTissue
	ABSTRACT
	GENERAL INFORMATION
	REFERENCES

