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Fig. 1 Classification of electromagnetic fields
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Table 1 Clinical research of static magnetic fields on bone-remodeling diseases
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Table 2 Clinical research of pulsed electromagnetic fields on bone-remodeling diseases
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Table 3 Electromagnetic field medical equipment for bone-remodeling diseases
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Fig. 2 Biomolecules involved in the effects of electromagnetic fields on bone remodeling
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BMP: HIEA KA (bone morphogenetic protein) ; MAPK: #2Z4JFE L (#EF (mitogen-activated protein kinase) ; ALP: fHPEREIREF
(alkaline phosphatase) ; B-Catenin: BEKEE [1; OPG: B ¥ %K (osteoprotegerin); RANK: #%H FxBZMAKIE LI F (receptor activator of
nuclear factor kappa-B); RANKL: #% K FxBZIAIGALIA FHA (receptor activator of nuclear factor kappa-B ligand) ; TRAP: il A ERERTE
PR (tartrate-resistant acid phosphatase) ; CTSK: ZHZIE 1K (cathepsin K); NFATcl: LTI F1 (nuclear factor of activated
T-cells 1); NOS: —% LA A (nitric oxide synthase); BAX: Bel-2AHJCX# [ (Bel-2-associated X protein) ; TRPV4: MR A7 AH v & L
24 (transient receptor potential vanilloid 4) ; OCN: H45% (osteocalcin); Osx: Osterix%4 5% K F (Osterix transcription factor) ; Runx2:
RuntFl 5&4% 5% A F2 (Runt-related transcription factor 2); COL-1: IHIKJEEF (type I collagen)
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Fig. 3 Magnetism of endogenous/exogenous substances in organisms
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Fig. 4 Linear correlation coefficients between densities and compositional parameters and electrical parameters of human
trabecular bone at 1.2 MHz
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Abstract  Electromagnetic fields can regulate the fundamental biological processes involved in bone
remodeling. As a non-invasive physical therapy, electromagnetic fields with specific parameters have
demonstrated therapeutic effects on bone remodeling diseases, such as fractures and osteoporosis.
Electromagnetic fields can be generated by the movement of charged particles or induced by varying currents.
Based on whether the strength and direction of the electric field change over time, electromagnetic fields can be
classified into static and time-varying fields. The treatment of bone remodeling diseases with static magnetic
fields primarily focuses on fractures, often using magnetic splints to immobilize the fracture site while studying
the effects of static magnetic fields on bone healing. However, there has been relatively little research on the
prevention and treatment of osteoporosis using static magnetic fields. Pulsed electromagnetic fields, a type of
time-varying field, have been widely used in clinical studies for treating fractures, osteoporosis, and non-union.
However, current clinical applications are limited to low-frequency, and research on the relationship between
frequency and biological effects remains insufficient. We believe that different types of electromagnetic fields
acting on bone can induce various “secondary physical quantities”, such as magnetism, force, electricity,
acoustics, and thermal energy, which can stimulate bone cells either individually or simultaneously. Bone cells
possess specific electromagnetic properties, and in a static magnetic field, the presence of a magnetic field
gradient can exert a certain magnetism on the bone tissue, leading to observable effects. In a time-varying
magnetic field, the charged particles within the bone experience varying Lorentz forces, causing vibrations and
generating acoustic effects. Additionally, as the frequency of the time-varying field increases, induced currents or
potentials can be generated within the bone, leading to electrical effects. When the frequency and power exceed a
certain threshold, electromagnetic energy can be converted into thermal energy, producing thermal effects. In
summary, external electromagnetic fields with different characteristics can generate multiple physical quantities
within biological tissues, such as magnetic, electric, mechanical, acoustic, and thermal effects. These physical
quantities may also interact and couple with each other, stimulating the biological tissues in a combined or
composite manner, thereby producing biological effects. This understanding is key to elucidating the
electromagnetic mechanisms of how electromagnetic fields influence biological tissues. In the study of
electromagnetic fields for bone remodeling diseases, attention should be paid to the biological effects of bone
remodeling under different electromagnetic wave characteristics. This includes exploring innovative
electromagnetic source technologies applicable to bone remodeling, identifying safe and effective electromagnetic
field parameters, and combining basic research with technological invention to develop scientifically grounded,
advanced key technologies for innovative electromagnetic treatment devices targeting bone remodeling diseases.
In conclusion, electromagnetic fields and multiple physical factors have the potential to prevent and treat bone

remodeling diseases, and have significant application prospects.
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