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Abstract: This article aims to deeply explore the effects of Pulsed Electromagnetic Field (PEMF) acupoint stimulation on the 
autonomic movement of microvessels. Through a comprehensive analysis of related studies, the characteristics and mecha-
nisms of action of PEMF are elaborated, and the physiological basis and importance of microvascular autonomic movement 
are introduced in detail. Combining a large number of experimental research results, the effects of PEMF on microvascular 
autonomic movement in various aspects are discussed, including the effects on vascular endothelial cells, smooth muscle 
cells, as well as the impact on hemorheology and microcirculation. At the same time, the potential and prospects of PEMF 
in clinical applications are analyzed, and prospects for future research directions are proposed.
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1. Introduction
With the continuous development of modern technology, PEMF, a non-invasive physical therapy method, has 

increasingly attracted the attention of many health enthusiasts. Microvascular autonomic movement is one of the important 
factors in maintaining normal vascular function. It plays a crucial role in regulating local tissue blood supply, maintaining 
blood pressure stability, and promoting material exchange. In recent years, numerous studies have shown that PEMF has 
a significant impact on microvascular autonomic movement, which provides new inspirations and methodology for the 
prevention and treatment of cardiovascular diseases.

2. Overview of Research on Microvascular Vasomotion 
Microvascular vasomotion refers to the rhythmic contraction and dilation movements that occur spontaneously in 

microvessels, which are active periodic oscillations of microvascular tone that occur independently of heartbeats, respiration, 
and neural conduction. In 1852, researcher Jones observed the spontaneous rhythmic activity in the small veins of a bat's 
wing[1]. The phenomenon of vascular movement is a great finding for biologists, clinicians, engineers, and researchers. In 
1982, the renowned Chinese medical scientist Xiu Ruijuan first demonstrated that blood flows in a wave-like manner in 
microarteries of all levels, a theory that has been internationally recognized as the "Xiu Theory"[2]. It is currently established that 
the generation and regulation of microvascular vasomotion are both endothelium-dependent[3-4]. Microvascular endothelial 
cells release a series of vasoactive substances, including nitric oxide(NO), prostaglandin 12(PGI2), with vasoconstrictive 
substance endothelin(ET), with NO and ET-1 having the most significant effects. Frequency and amplitude are the two main 
characteristic indicators of microvascular vasomotion, and studies have shown that NO and ET-1 can significantly affect 
the amplitude and frequency of microvascular vasomotion[5-6]. Although there is limited direct experimental evidence 
regarding the physiological functions of microvascular vasomotion, it is certain that it affects various indicators such as 
vessel diameter, blood pressure, blood flow velocity, perfusion volume, and hemorheology, playing an important role in 
maintaining the stability of the cellular microenvironment[7].

3. Characteristics and Mechanism of Action of PEMF
3.1 Characteristics of PEMF

PEMF has specific parameters such as frequency, intensity, and waveform. Different parameters of PEMF may have 
varying effects on the organism. For example, low-frequency PEMF typically has better penetration and can function deep 
within tissues; whereas high-frequency PEMF may produce more intense effects locally. The waveform of PEMF can be 
square waves, sine waves, triangular waves, etc., and different waveforms have different biological effects [8].
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3.2 Mechanism of Action of PEMF in Promoting Microvascular Movement
3.2.1 Cell Membrane Effects

PEMF can affect the permeability of the cell membrane and the activity of ion channels, thereby altering the distribution 
and concentration of ions inside and outside the cell. This may lead to changes in cellular excitability, metabolic activity, and 
signal transduction [9]. For instance, PEMF can activate calcium channels, promoting the influx of calcium ions, resulting 
in the contraction of vascular smooth muscle cells; it can also inhibit potassium channels, prolonging the action potential 
duration of cells, and enhancing the contractile force of vascular smooth muscle cells.
3.2.2 Free Radical Regulation

PEMF can affect the production and clearance of free radicals within the body, regulating the level of oxidative stress. 
An appropriate amount of free radicals can participate in cell signal transduction and physiological regulation, but an excess 
of free radicals can damage cells [10].
3.2.3 Gene Expression Regulation

PEMF can regulate cell growth, differentiation, and function by affecting gene expression within the cell nucleus. Some 
studies suggest that PEMF can promote the expression of certain growth factors and cytokines, thereby positively affecting 
tissue repair and regeneration [11].

4. Physiological Basis of Microvascular Autonomic Movement
4.1 Role of Vascular Endothelial Cells

Vascular endothelial cells are a layer of cells lining the inner wall of blood vessels, possessing various important 
physiological functions. Endothelial cells can secrete vasodilatory substances such as nitric oxide (NO) and prostacyclin 
(PGI2), regulating the dilation and constriction of blood vessels. Additionally, endothelial cells are involved in the 
inflammatory response, coagulation, and fibrinolysis of blood vessels [12].

4.2 Role of Vascular Smooth Muscle Cells
Vascular smooth muscle cells are located in the middle layer of the blood vessel wall, and their contraction and relaxation 

determine the caliber and resistance of the blood vessels. The contraction of smooth muscle cells is regulated by various 
factors, including neurotransmitters, hormones, and local metabolic products. Furthermore, smooth muscle cells can also 
participate in the remodeling of blood vessels through proliferation and migration [13].

4.3 Regulatory Mechanism of Microvascular Autonomic Movement
Microvascular autonomic movement is regulated by a variety of factors. Among these, the interaction between 

endothelial cells and smooth muscle cells plays a key role. Vasodilatory substances secreted by endothelial cells can reach 
smooth muscle cells through diffusion, regulating their contraction and relaxation. In addition, neurotransmitters, hormones, 
and local metabolic products can also directly affect smooth muscle cells, regulating the autonomic movement of blood 
vessels [14].

5. The Effect of PEMF on Vascular Endothelial Cells
5.1 Promoting Proliferation and Differentiation of Endothelial Cells

Numerous studies have shown that PEMF can promote the proliferation and differentiation of vascular endothelial 
cells. This may be due to PEMF's ability to activate intracellular signal transduction pathways, promoting the expression 
of growth factors and cytokines, thereby stimulating the growth and differentiation of endothelial cells [15]. Research has 
found that PEMF can significantly increase the expression of vascular endothelial growth factor (VEGF) in endothelial cells, 
promoting endothelial cell proliferation and angiogenesis [16]. 

5.2 Enhancing the Function of Endothelial Cells
PEMF can also enhance the function of vascular endothelial cells. The functions of endothelial cells mainly include 

secreting vasoactive substances, regulating vascular permeability, and inhibiting platelet aggregation. Studies have shown 
that PEMF can promote the secretion of NO and PGI2 by endothelial cells, enhancing the vasodilatory function [17]. In 
addition, PEMF can reduce the permeability of endothelial cells, decrease the infiltration of inflammatory cells, thereby 
protecting vascular endothelial cells from damage [18].
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5.3 Inhibiting Endothelial Cell Apoptosis
Endothelial cell apoptosis is one of the important factors leading to vascular dysfunction. PEMF can inhibit endothelial 

cell apoptosis, thereby maintaining the integrity of vascular endothelial cells. Research has found that PEMF can inhibit 
endothelial cell apoptosis by activating intracellular anti-apoptotic signal transduction pathways [19]. 

6. The Effect of PEMF on Vascular Smooth Muscle Cells
6.1 Regulating the Contraction and Relaxation of Smooth Muscle Cells

PEMF can regulate the contraction and relaxation of vascular smooth muscle cells. Studies have shown that PEMF can 
inhibit the contraction of smooth muscle cells, reducing vascular resistance. This may be due to PEMF's ability to affect the 
concentration of calcium ions and the activity of ion channels within smooth muscle cells, thereby regulating the contraction 
of these cells[20]. Additionally, PEMF can promote the relaxation of smooth muscle cells, increasing blood flow through 
the blood vessels. Research has found that PEMF can significantly increase the expression of nitric oxide synthase (NOS) in 
smooth muscle cells, promoting the synthesis of NO, which leads to the relaxation of smooth muscle cells[21].

6.2 Inhibiting the Proliferation and Migration of Smooth Muscle Cells
The proliferation and migration of vascular smooth muscle cells are one of the important factors leading to vascular 

remodeling and stenosis. PEMF can inhibit the proliferation and migration of smooth muscle cells, thus preventing and 
treating cardiovascular diseases. Studies have shown that PEMF can inhibit the proliferation and migration of smooth muscle 
cells by regulating the cell cycle and inhibiting cell signaling pathways[22]. Research has found that PEMF can significantly 
reduce the expression of cyclin D1 in smooth muscle cells, inhibiting the proliferation of these cells[23].

6.3 Promoting the Differentiation of Smooth Muscle Cells
PEMF can also promote the differentiation of vascular smooth muscle cells. The differentiation state of smooth muscle 

cells is crucial for the normal function of blood vessels. Undifferentiated smooth muscle cells have a higher ability to 
proliferate and migrate, which can easily lead to vascular remodeling and stenosis. Differentiated, mature smooth muscle 
cells have a lower ability to proliferate and migrate, which can maintain the stability of blood vessels. Studies have shown 
that PEMF can promote the differentiation of smooth muscle cells into a mature phenotype, thereby enhancing the stability 
of blood vessels[24].

7. The Effect of PEMF on Hemorheology
7.1 Reducing Blood Viscosity

Blood viscosity is one of the important indicators reflecting the fluidity of blood. High blood viscosity can lead to 
increased blood flow resistance, affecting the blood supply to tissues. Studies have shown that PEMF can reduce blood 
viscosity and improve blood fluidity. This may be due to PEMF's ability to affect the deformability, aggregation, and plasma 
components in the blood, thereby reducing blood viscosity [25]. Research has found that PEMF can significantly increase 
the deformability of red blood cells and reduce their aggregation, thus lowering blood viscosity [26].

7.2 Improving the Function of Red Blood Cells
Red blood cells are the most numerous cells in the blood, and their functions mainly include transporting oxygen and 

carbon dioxide, and maintaining the acid-base balance of the blood. PEMF can improve the function of red blood cells 
and increase their oxygen-carrying capacity. Studies have shown that PEMF can increase the fluidity of the red blood cell 
membrane and enhance the oxygen affinity of hemoglobin within red blood cells, thereby enhancing their oxygen-carrying 
capacity [27]. In addition, PEMF can also promote the metabolic activity of red blood cells and increase their antioxidant 
capacity [28].

7.3 Regulating the Function of Platelets
Platelets play an important role in the process of hemostasis and thrombosis. PEMF can regulate the function of 

platelets and inhibit platelet aggregation and thrombosis formation. Studies have shown that PEMF can reduce platelet 
activity, decrease platelet aggregation, and release reactions. This may be due to PEMF's ability to affect the activity of signal 
transduction pathways and ion channels within platelets, thereby regulating platelet function [29]. Research has found that 
PEMF can significantly reduce the synthesis of thromboxane A2 in platelets, inhibiting platelet aggregation [30].
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8. The Effect of PEMF on Microcirculation
8.1 Increasing Microcirculatory Blood Flow

Microcirculation refers to the blood circulation between arterioles and venules, which plays a crucial role in the supply 
of nutrients to tissues and the clearance of metabolic waste. Studies have shown that PEMF can increase microcirculatory 
blood flow and improve tissue blood supply. This may be due to PEMF's ability to dilate arterioles and capillaries, reducing 
vascular resistance, thereby increasing microcirculatory blood flow [31]. Research has found that PEMF can significantly 
increase skin microcirculatory blood flow, improving skin nutrition supply and metabolic function [32].

8.2 Improving Microcirculatory Permeability
The permeability of microcirculation is essential for substance exchange and the clearance of metabolic waste. High 

permeability can lead to tissue edema and inflammatory responses, while low permeability can affect tissue nutrition 
supply and the clearance of metabolic waste. PEMF can improve microcirculatory permeability and maintain normal 
microcirculatory function. Studies have shown that PEMF can regulate the permeability of capillary endothelial cells, 
reducing the infiltration of inflammatory cells, thereby improving microcirculatory permeability [33]. Research has found 
that PEMF can significantly reduce the permeability of capillary endothelial cells, decreasing albumin exudation, thereby 
alleviating tissue edema [34].

8.3 Promoting Microvascular Generation
Angiogenesis refers to the process by which new blood vessels grow from existing ones, playing an important role in 

tissue repair and regeneration. PEMF can promote microcirculatory angiogenesis, accelerating tissue repair and regeneration. 
Studies have shown that PEMF can activate signaling pathways in vascular endothelial cells, promoting the expression of 
VEGF, thereby stimulating angiogenesis [35]. Research has found that PEMF can significantly increase microcirculatory 
blood flow and angiogenesis at fracture sites, promoting fracture healing [36].

9. The potential and prospects of PEMF in clinical applications
9.1 Treatment of cardiovascular diseases

PEMF has a broad application prospect in the treatment of cardiovascular diseases. Since PEMF can regulate the 
function of vascular endothelial cells and smooth muscle cells, improve hemorheology and microcirculation, it can be used 
for the prevention and treatment of cardiovascular diseases such as coronary heart disease, hypertension, and arteriosclerosis. 
For example, some studies suggest that PEMF can lower blood pressure, improve myocardial ischemia, and reduce the 
formation of atherosclerotic plaques [37].

9.2 Wound healing and tissue repair
PEMF can promote wound healing and tissue repair. Since PEMF can promote angiogenesis, cell proliferation, and 

differentiation, it can be used to treat traumatic diseases such as fractures, burns, and ulcers. For example, some studies 
suggest that PEMF can accelerate the healing of fractures, promote the repair of burn wounds, and reduce the area of ulcers 
[38].

9.3 Treatment of neurological diseases
PEMF also has potential in the treatment of neurological diseases. Since PEMF can affect the excitability, metabolic 

activity, and signal transduction of nerve cells, it can be used to treat diseases such as Parkinson's disease, Alzheimer's 
disease, and depression. For example, some studies suggest that PEMF can improve the motor symptoms of patients with 
Parkinson's disease, enhance the cognitive function of patients with Alzheimer's disease, and alleviate the depressive 
symptoms of patients with depression [39]. 

10. Conclusion
In summary, PEMF has a significant impact on the autonomic movement of microvessels. It can maintain normal 

vascular function by regulating the function of vascular endothelial cells and smooth muscle cells, improving hemorheology 
and microcirculation in various ways. PEMF has broad application prospects in the treatment of cardiovascular diseases, 
wound healing and tissue repair, and the treatment of neurological diseases. However, the mechanism by which PEMF 
affects the autonomic movement of microvessels is not yet fully understood and requires further research to clarify its 
mechanism of action. In addition, the therapeutic parameters of PEMF (such as frequency, intensity, waveform, etc.) also 
need further optimization to improve its therapeutic effects and safety. It is believed that with the continuous deepening of 
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research, PEMF will make a greater contribution to human health.
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