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The improvement of the blood circulation is one of the most frequently mentioned positive 
effects of PEMF appliaction and thus application in numerous illnesses and sensory distur-
bances. In particular, from the improvement of the microcirculation is always talked about. 
We want to take a closer look at what actually microcirculation means and by what mecha-
nisms pulsed electromagnetic fields (PEMFs) can help improve circulation.

What is microcirculation?
The term microcirculation refers to blood flow in the smallest vessels. These are composed 
of arterioles, capillaries and postcapillary venules. Also included are the terminal lymphatics.  

Why is microcirculation so important?
In this so-called terminal flow path, the capillary network, the blood circulation performs its 
main task: the exchange of substances between blood and tissue. In other words, if the micro-
circulation does not work properly, this transfer in the tissue does not work properly and 
thus both the supply of oxygen and nutrients, as well as the removal of carbon dioxide and 
metabolic end products. 
It is easy to see which negative health causes a malfunctioning (micro) circulation can have.



How can PEMFs influence circulation?
The positive effects of PEMFs on circulation can be explained by several mechanisms:

• Dilation of blood vessels (NO mediated vasodilation) 

• Formation of new blood vessels through increased secretion of growth hormones FGF-2 
/ VEGF (neoangiogenesis) 

• Reduction of edema and swelling 

• Reduction of adhesion of platelets 

• Reduction of fibrinogen and improvement of fibrinolysis 

• Suggestions for improving the ductility of the red blood cells so that they can be trans-
ported through capillaries more easily 

• Reduction of inflammation

Blood viscosity
Viscosity is a measure of the “thickness” of liquids. The higher the viscosity, the “thicker” is 
the liquid. A high viscosity thus characterizes a fluid as less fluid. The particles within a viscous 
fluid are more bonded together and consequently relatively immobile. The blood does not 
behave like a Newtonian fluid, but exhibits a non- proportional and erratic viscosity and is 
sometimes determined by the so-called Fåhraeus-Lindqvist effect. 

With the expression of the Fåhraeus-Lindqvist effect, medicine refers to the characteristic 
behavior of the blood, whose viscosity changes depending on the diameter of the vessel. 
In small-diameter vessels, the blood is therefore less viscous, to prevent capillary stasis 
(congestion). In addition to the Fåhraeus Lindquist effect, many other parameters determined 
the blood viscosity. 

The viscosity of human blood depends, for example, on:

• Hematocrit (the proportion of all cellular components in the volume of blood) 

• Flexibility of erythrocytes (red blood cells) 

• Erythrocyte aggregation (juxtaposition of erythrocytes) 

• Plasma viscosity 

• Temperature 

• Flow velocity 



Since there is a close relationship between viscosity, flow dynamics, and the supply of nutrient 
and oxygen to body tissues, blood viscosity disorders can have serious consequences on the 
whole organism. 

Circulation 
Vasodilation is the dilation of the blood vessels. An abnormal or decreased production of nitric 
oxide (NO), as occurs in various diseases, affects blood flow and other vascular functions. In 
a healthy cell environment, blood vessels are constantly producing nitric oxide. In the inner 
lining of the blood vessels (endothelium), nitric oxide serves as a messenger to signal that the 
adjacent smooth muscle relaxes in the blood vessel wall, which dilates the blood vessels. The 
subsequent increase in blood flow leads to a decrease in both blood pressure and heart rate. 
Improvement of blood flow is considered to be one of the most important mechanisms for the 
health-promoting effect of PEMFs, including: Improve nutrient transport, repair molecules, 
stimulate growth factors, increase oxygen, and eliminate waste products1.

Red blood cells
Red blood cells (erythrocytes) transport oxygen into tissue. The number of red blood cells 
we carry and produce is amazing. We produce more than 200 billion red blood cells per day, 
which is equivalent to two million per second and they make up 70% of all cells in our body. 
Red blood cells are different from other cells in that they lack a nucleus, which creates more 
space for hemoglobin. Because they do not contain mitochondria, they do not use the oxygen 
that they carry. This also means that they contain no DNA and are therefore unable to repair 
or regenerate much. Erythrocytes form in the bone marrow and have a lifespan of about 
110-120 days before being degraded and absorbed by the body. Through all the underlying 
mechanisms involved, PEMF therapy may favor the formation, function and absorption of red 
blood cells.

Like all membranes, the membranes of erythrocytes consist of lipids and proteins that allow 
maximum flexibility as the cells move through the circulatory system. Most of the oxygen 
transfer takes place in the microcirculation system, which mainly consists of capillaries. Capil-
laries are so incredibly small (5 to 10 μm in diameter) that the red blood cells (7.5 μm in 
diameter) must be deformable to push through.

A phenomenon called the “rouleaux effect” can make this process difficult or impossible. A 
Rouleaux formation consists of a stack of red blood cells that stick together. It resembles a 
stack of coins and is therefore commonly referred to as “roll forming”. Due to the disc-like 
shape of erythrocytes, they are somewhat predisposed to this type of clumping. Capillaries can 
each pass only a single red blood cell. Therefore, it is necessary for healthy blood circulation 

1    McKay JC, Prato FS, et al. A literature review: the effects of magnetic field exposure on blood flow and blood  
      vessels in the microvasculature. Bioelectromagnetics. 2007 Feb;28(2):81-98.



to prevent a “rouleaux effect” as much as possible. Because PEMF therapy enables balanced 
cell membrane charge, it has a direct impact on this effect. Properly charged red blood cells 
repel each other. Apart from preventing the “rouleaux effect”, this separation of red blood 
cells allows for a larger available surface area for oxygen and nutrient uptake and exchange. 
In addition, magnetic fields appear to enhance the release of oxygen from hemoglobin, with 
exposure of only ten to thirty minutes increasing the rate of release of oxygen for several 
minutes to several hours2.

Anticoagulant effects
PEMF therapy addresses many of the mechanisms that lead to increased blood viscosity and 
blood clotting, including the reduction of platelet adhesiveness, the reduction of fibrinogen 
and the improvement in fibrinolysis and the enhancement of red blood cell deformability 
(making them easier to move through capillaries. These anticoagulant effects seem to be the 
case for virtually all types of PEMFs3.

Anti-edema activity
The edema is a swelling caused by excess fluid in the tissue. Edema tissues get rid of oxygen, 
nutrients and circulation. PEMF therapy has a positive effect on swelling and edema by 
improving cell metabolism by acting directly on the sodium-potassium pump in the cell 
membrane. Any type of cell or tissue damage causes edema due to leakage of fluids from the 
cells and blood vessels. Improving the circulation helps to remove this excess fluid and prevent 
further accumulation of fluid. Anti-edema effects are rapid after using PEMFs3.

PEMFs not only improves blood circulation but also has a positive effect on lymphatic vessels, 
stimulates lymphatic drainage and reduces the production of lymphoedema, thus simulating 
the immune system and correcting the edema3.

Anti-inflammatory reaction
Inflammation is the body’s defense against cell injury, regardless of the cause. The goal of 
acute inflammation is to contain and eliminate the irritant and initiate the repair process. 
There are three stages to the acute inflammatory response: vasodilation (enhanced by PEMFs), 
increased vascular permeability (enhanced by PEMFs by promoting action potential and ion 
flow), and white blood cell transmission and accumulation at the site of injury.

2    Muehsam D, Lalezari P, et al. Non-thermal radio-frequency and static magnetic fields increase rate of hemoglobin 
      deoxygenation in a cell-free preparation. PLOS One. 2013 Apr 12;8(4):e61752. 
3    Jerabek J, Pawluk W. Magnetic therapy in Eastern Europe: a review of 30 years of research. Publ Advanced  
      Magnetic Research of the Delaware Valley, Chicago, 1996.



A chronically inflamed tissue is like a swamp - there is only little fluid flow and therefore little 
drainage. By increasing the blood flow through vasodilation, the environment of the swamp 
changes considerably. PEMF therapy also increases the production of growth factors that help 
combat inflammation.

Damaged cells have impaired electrical capabilities and therefore lack the action potential 
needed to perform basic cellular functions including oxygen uptake and sodium and potassium 
exchange. PEMF therapy restores the electrochemical gradient of the cell membrane, restoring 
normal electrical potential between cell membranes and thus normal cell function3.

Oxygen
Low oxygen concentrations cause cell damage, with the severity and duration of oxygen depri-
vation in tissues indicative of the degree of damage. The vast majority of cellular functions 
depend on adequate oxygenation. PEMFs can significantly increase oxygen levels in tissues 
by improving blood circulation, helping the body carry oxygen from the air into the lungs and 
into the blood, and positively affect the ability of hemoglobin to transport and deliver oxygen.

One study focused on the effect of magnetic fields on the gas transport function of blood during 
oxygen deprivation. They found that magnetic therapy changed the hemoglobin molecules 
from a form that is less reactive to oxygen into a form that is more reactive and thus positively 
influences the gas transport function. 

Another study was performed on patients with terminal emphysema. These patients received 
PEMF therapy (30 minutes per day for seven days) in addition to their usual medical care. The 
addition of magnetic field therapy improved blood oxygen levels by up to 21%, and all patients 
reported subjectively better endurance. It is conceivable that these results would have been 
even more significant if the treatments were performed earlier in the disease and for a longer 
time4.

One of the earlier demonstrations of the benefits of PEMFs to improve oxygenation was made 
in the early 1990s in Germany with a large PEMF plate. They found that PEMF effects can be 
enhanced during periods of high muscle activity, alcohol intake, sleep, or after inhalation of 
CO2. Hyperventilation and large meals would reduce the level of impact. In their studies, they 
found that the blood volume increased, the oxygen content was boosted and the pH became 
more alkaline5.

4    Pawluk W, MD, MSc, Layne C. Power Tools for Health: How pulsed magnetic fields (PEMFs) help you. FriesenPress  
       Nov 2017. p. 42 
5     Warmke U. Survey of some working mechanisms of pulsating electromagnetic fields PEMF). Bioelectrochem  
       Bioeneg 27(3):317-320,1992.



Further measures to stimulate the blood circulation

• Exercise: Daily exercise such as walking or regular moderate endurance sports - if possible 
in the fresh air - not only promotes blood circulation, but also strengthens vessels and 
trains the muscle pump. 

• Garlic and ginger: They are considered «tube-free» and prevent artheriosclerotic 
deposits on the vessel walls. 

• Quit smoking: Smoking is known to be a risk factor for almost all maladies - also due to 
its negative influence on the circulation. 

• Kneipp cures or alternating showers: gentle vascular training according to Pastor Kneipp, 
such as treading water. 

• Proper diet: A Mediterranean-style diet with plenty of vegetables, fruits whole grains 
and raw foods help with weight loss and has a positive effect on blood lipid levels. If 
possible, fish should be on the menu at least twice a week. On the other hand, meat and 
sausage have an unfavorable effect on the blood circulation and should only be eaten in 
moderation. 

• Drink enough: Blood is 90% water. Inadequate water intake also means inadequate 
blood supply and may cause dizziness or headache. 

• Reduce Obesity: Obesity increases the risk of high blood pressure, high cholesterol and 
diabetes, thereby favoring arteriosclerosis.

Lukas Barwitz, M.D.

Medical Disclaimer
All information and research published by the Swiss Bionic Solutions GmbH is for informational 
purposes only. They have been carefully researched and reviewed by the authors, however no 
responsibility for their correctness can be taken. Readers are encouraged to confirm the infor-
mation contained herein with other sources. Patients and consumers should review the infor-
mation carefully with their professional health care provider. The information is not intended 
to replace medical advice offered by physicians. A guarantee of treatment success cannot 
be accepted by the publisher and the authors under any circumstances. The Swiss Bionic 
Solutions GmbH will not be liable for any direct, indirect, consequential, special, exemplary, or 
other damages arising therefrom.
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