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Effect  of PEMF on physical parameters in sports
PEMF is proposed  as a noninvasive medical treatment for influencing human and animals’ physiology. In horse racing  it has often been suggested that the success of a PEMF treatment correlates very directly with the ranking and the associated prize money and determines the economic success or decline of the racing stable. Consequently, PEMFs also have reached a reputation to offer a resource of opportunities to improve athletic performance . Unfortunately, a good study situation is not available because there have been published only a few studies in sports. It was therefore necessary to  match evidence-based PEMF-studies directly to indication of sports medicine.
1 Principal effects
Several studies have reported that PEMF can modulate both cell surface receptor expression/activation and downstream signal transduction pathways, thereby restoring homeostatic cell functions such as viability, proliferation, differentiation, communication with neighbouring cells, and interaction with components of the extracellular matrix (ECM) 
,
,
,
. PEMF therapy also has proven efficacious at increasing the flow of ions and nutrients into the cells and stimulating 
blood and interstitial fluid circulation. With increased lymphatic drainage and blood flow, cells receive more oxygen and nutrients, and eliminate toxins faster. Cell 
are therefore able to function better and tissues repair themselves more efficiently. 
Moreover, modifications include selective changes in cellular calcium, and cAMP levels 
 and the synthesis of collagen, proteoglycans, DNA, and RNA. PEMFs also have been connected to other cell activation pathways. In particular, the ligand-independent activation of epidermal growth factor receptor (EGFR) and other members of the receptor tyrosine kinase family were observed, with subsequent stimulation of intracellular signaling as the MAPK (mitogen-activated protein kinases)/ERK (extracellular signal-regulated kinases) pathway, with subsequently activation of intracellular mitogenic pathway 
. PEMF also increase nitric oxide in the vascular endothelium and improve blood supply (microcirculation) 
,

Hypothesis: PEMFs systems,  ideally with a natural pulse shape of an exponential function (“Ion-transport by E-function) 
 , force movement on ions (Na+ and K+) at the membrane of non-exitable cells. This changes the intracellular environment with a consecutive “defense reaction” by activation the ions pumps in order to restore the former ionic environment, But these  intramembranous organelles work always exuberantly - which ultimately leads to a higher membrane potential and increased cellular responsiveness  (“hormesic hypothesis”)  
.
2 Warm-up / training and competition
The warm-up is a form of preconditioning which ergogenic effects are well-demonstrated. And it is widely accepted that “warming-up” prior to exercise is vital for the attainment of optimum performance and it will reduce the number of injuries sustained during physical activity. Above all, it becomes increasingly clear, that microcirculation and tissue oxygenation plays an important role in muscle function and plasticity. In a single-blind, randomized controlled trial with 18 male cyclists, participants performed 5 min of warm-upcycling at 50W, after which the work rate, starting at 80W, was increased by 20 W/min They cycled at 70–80 rpm and this pedal rate was reproduced in subsequent constant-load exercises until the volitional exhaustion The main result of this study is that the local application of a precise PEMF waveform during heavy constant load exercise can stimulate the rate of muscle oxygen extraction and utilization, increases the velocity and the quantity of muscle O2 available 
. 
PEMF with a specific waveform (e.g. e-function) can elicit significant arteriolar vasodilation 
. In a trial with our PEMF system the  microvascular blood filling volume increased by 31 - 66% within only 180 seconds, depending on the age of the participant  
 . In this context, it should not be overlooked that a known PEMF system, which emphasizes its own microcirculatory potential, needs up to 3 days for a result that is less. 
3 Recovery

The majority  of research in sports medicine has focused on training, although most exercise-induced adaptations take place during recovery. It is no coincidence that elite athletes spends much more time in recovery than in active training 
. Well, it is well accepted that overload is necessary for improvement. But overtraining results in a breakdown at some level, thus impairing rather than improving performance. Therefore, maximizing the performance capacity of an athlete is not only a matter of training. It also depends on an optimal balance between training and recovery in order to prevent maladaptation to accumulated psychological and physiological stresses induced by the training load 

a. DOMS
In untrained persons, “delayed onset muscle soreness” (DOMS) is one of the most common painful muscle conditions and is induced by unaccustomed physical activity or exercise 
. It is considered as damaged muscle tissue membranes combined with a secondary inflammatory condition. In general, DOMS is first felt  with 24 to 48 hours following cessation of exercise and peaks between 48 - 72 hours.   For example, an application of PEMF effectively reduced soreness related to DOMS in 133 marathon runners. Admittedly subjects were not pain-free until 72 hours, indicating that the treatment effects on DOMD require a long intervention period 
. 
In a further randomized  placebo-controlled study with 30 healthy male college students the influences  of PEMF therapy on the production and recovery of the DOMS-related symptoms for 72 hours after DOMS-induction were explored. It could be demonstrated  that in the active group PEMF was generally effective in reducing severity of DOMS symptoms and facilitating the recovery of DOMS compared to the sham throughout the 72 h post-exercise . VAS changes over time show that perceived muscle soreness was highest in 48 h and thereafter decreased in both groups. But maximum pain level was greater in the sham group than in the PEMF group , which suggests the  application of PEMF was effective in reducing the severity in DOMS 
. So when there is less pain, an athlete can train more effectively.
b. Inflammation
Exercise works as a stressor during and after its execution and leads to a robust inflammatory response mainly characterized by the mobilization of leukocytes and an increase in circulating inflammatory mediators produced by immune cells and directly from the active muscle tissue 
.  Primarily acute exercise bouts initiate a complex cascade of inflammatory events, which depend on the type, intensity, duration and familiarity of the exercise, as well as the age. So production of cytokines can be upregulated rapidly in response to inflammatory stimuli, and this response can be transient or prolonged  
. For example, competition and training can induce repeated eccentric contractions and tissue vibrations that can lead to muscle damage, also called “exercise-induced muscle damage EIMD (i.e. disruption of structural proteins in muscle fibers and/or connective tissues), subsequent tissue inflammation, delayed onset muscle soreness (DOMS), and increased perceived fatigue 
 - and to a temporary reduction in muscular force.
Regardless of generic indications, the use of NSAIDs is common place in athletes 
. 
. They use NSAIDs more than any other medication -  for preventing pain, continuing athletic activities in spite of injuries, or accelerate return to function after injury 
. If taken immediately before or following injury, NSAIDs can reduce musculoskeletal pain and accelerate the return of function 
. For example, during the 2000 Olympic Games in Sydney, one in four athletes reported using NSAIDs 3 days before drug testing 
.During the 2002, 2006, 2010, and 2014 Fédération Internationale de Football Association (FIFA) World Cups, the mean intake was of 0.77 drugs per player and per match; NSAIDs were the most frequently prescribed drugs (36% of drugs), and a similar level of intake was found during the 2003 and 2007 Women’s World Cups 
. Admittedly,  NSAIDs are not on the WADA list (World Anti-Doping Agency) although they represent an actual or potential health risk for athletes because they are not considered as performance-enhancing drugs. Because 
NSAIDs have an analgesic dose ceiling and can cause gastric bleeding, renal toxicity, cardiovascular concerns, and occasional central nervous system effects, including loss of short-term memory and decreased attention span 
. The most serious side effects of prescription NSAIDs are kidney failure, liver failure, ulcers and prolonged bleeding after an injury or surgery 
.

PEMF devices offer a nondrug approach to pain management and a potential decrease of medication use and dependency. There is evidence that PEMF is a  treatment for regulation of inflammation, which could have significant effects on tissue regeneration. PEMF modulates inflammatory processes through the regulation of pro- and anti-inflammatory cytokine secretion during different stages of inflammatory response. Furthermore, PEMF has the potential for regulating immune cell signaling mechanisms to promote tissue regeneration. Immunomodulatory cells such as MSCs mediate their immunosuppressive effects through a variety of mechanisms, including the induction of macrophages, which also have immunomodulatory capabilities 
. In general, PEMF is damping both Tumor Necrosis factor (TNF-alpha) and IL-beta (Interleukin-beta) which are strong pro-inflammatory cytokines 
,
,
,
,
.  It could be  showed a significant decrease in IL-1β secretion in both the human MSCs and THP-1 macrophages after activation with LPS and exposure to PEMF. This proinflammatory cytokine causes a number of autoinflammatory conditions 
 . 

It  has also been revealed that an A2A adenosine receptor-dependent mechanism exists by which aspirin retains its anti-inflammatory activity 
, and that there are significant alterations in the expression and in the functionality of adenosine A2A receptors in human neutrophils treated with PEMFs 
. In particular, PEMF exposure mediates a significant upregulation of A2A and A3ARs expressed in various cells or tissues involving a reduction in most of the proinflammatory cytokines. Adenosine receptor A2A and A3 are able to reduce PGE2 and pro-inflammatory cytokine IL-6 and IL-8 release and to inhibit the activation of transcription factor NF-kB, a key regulator of inflammatory responses 
 Of particular interest is the observation that PEMFs, acting as modulators of adenosine, are able to increase the functionality of the endogenous agonist 
.
So, consistent outcomes in studies involving animal and human tissue have shown promise for the use of PEMF as an alternative treatment to pharmaceutical therapies Thus, PEMF treatment could provide a novel nonpharmaceutical means of modulating inflammation in injured tissues resulting in enhanced functional recovery 
,
,
 - much more safer than drugs. 
4 Sleep inadequacies in sports
The prevalence of sleep inadequacy has been reported to be high among elite athletes who often experience disruptive training. In addition, sleep disturbance is a common occurrence prior to competition that may impact athletic performance 
. This is characterized by habitual sleep durations < 7 hours 
, unfreshing sleep 
 and day-time fatigue 
. Appropriately, the effect of sleep restriction and acute sleep improvement on performance is equivocal for strength 
 and exercise performance 
. But only few studies have assessed the effect of acute sleep  enhancement on athletic performance 
. 
Although there are no studies showing the PEMF effects on sleep in athletes, promotion of sleep is one of the main fields of application for PEMF therapies. It should be noted, however, that the study situation on pulsating electromagnetic fields is contrary to the common advertising statement that PEMF increase melatonin synthesis, because a decrease in melatonin production or an inhibitory effect on the production of melatonin from the pineal glands at night  is much more possible 
. 
Melatonin has mainly been shown to synchronize the circadian rhythms
. You know, humans possess a body clock (situated in the suprachiasmatic nuclei in the hypothalamus). This clock  becomes synchronized and in-tune with the environment and solar day (24 hours circadian rhythm). Therefore melatonin will be needed to synchronize only a jetlag. After a westword flight, for example, where local time is 8 hours behind “body time”, an individual or athlete feels tired and wakes up at an now inappropriate  time. After an eastward flight, destination time is ahead of an unadjusted “body time”. In this time the athlete does not feel tired when it is time to go to bed (local midnight). 
The main mechanism of action of some PEMF systems  is their ability to influence brain waves. Explanation: all states of consciousness such as wakefulness, relaxation, dream or deep sleep are accompanied by rhythmic discharges which can be seen as brain waves. The physiological mechanism for brain oscillations is an open question. But obviously the origin of alpha waves (8 - 13 Hz) is located in the thalamus 
,
 an  area in the diencephalon. This also applies for theta waves (4 - 7 Hz) 
. Only the delta waves (1 - 3 Hz)  start at the neocortex and are then modulated by the thalamus 
 . 

Remarkably, the thalamus also filters all sensory stimuli from the periphery before passing them on to the cortex (cerebral cortex) - where they become aware. 
While our waking consciousness is mainly in the range of beta waves (15-29 Hz) or in rest or in a serene mood in the alpha range (8-13 Hz), dreaming is only between 3 - 7 Hz or is a deep sleep or " unconsciousness" is only at 1 - 2 Hz. 
Our thalamus is constantly ready to react to external stimuli and rhythms. But necessarily (“as a survival program”, because otherwise every special  light- and sound change in a range of theta oder delta waves could induce a sudden deep sleep  ) it also filters all sensory stimuli from the periphery before passing them on to the cortex (cerebral cortex). So music - as an non- pharmacological treatment - can affect sleep disorders, as shown in a number of studies. But because of the thalamic “survival program”, the potential influence of music or highly propagated  “mind machines”  is severely limited. However, rhythms of an electromagnetic field hardly can be filtered by the thalamus. 
In a randomized, 4-week double-blind, placebo-controlled study  with our PEMF system, 101 patients with insomnia were randomly assigned to an active (n = 50) and placebo (n = 51) group. Results:  seventy percent of the patients given active treatment experienced substantial or even complete relief of their complaints; 24 % reported clear improvement, 6 % noted a slight improvement. Only one placebo patient (2 %) hat very clear relief, 49 % reported slight or clear improvement - but 49 % saw no change in their symptoms 
.
5 Injuries 

a. Tendinopathies

Tendinopathy is a clinical syndrome, often but not always implying overuse tendon injuries, characterized by a combination of pain, diffuse or localized swelling, and impaired performance 
,
. But it can also occur without signs of overuse and is then mostly associated with medical conditions. The tendons most vulnerable to overuse are the Achilles and patellar tendons and, in the upper extremities, the rotator cuff and extensor carpi radialis brevis (tennis elbow) tendons 
. A tendinitis, however, which is seen to a much lesser extent (< 3%) is associated with classic inflammation usually observed during the early reparative phase 
. And a peritendinitis is an acute or chronic inflammation of the thin membrane, paratenon, surrounding the tendon, often induced by repetitive exercise and characterized by local swelling and infiltration of inflammatory cells.

Around 30% of all runners exhibit Achilles tendinopathy, with an annual incidence of 7% to 9% 
. Patellar tendinopathy is common in volleyball (14%), team handball (13%), basketball (12%), and track and field (7%) and is a fairly common condition in football/soccer (2.5%) 
. Among top-level football/soccer players, high total exposure hours has been identified as a significant risk factor for patellar tendinopathy 
.  Some suggestions for the use of PEMF for treating human Achilles tendon pathologies come only from preclinical animal studies. In 2006 there was analyzed the effect of PEMF on the biomechanical strength of rat Achilles' tendons at 3 weeks after transection and surgical repair, with an increase in tensile strength of up to 69% 3 weeks after the surgery 
. Previously, there was analyzed the possible role of pulsed magnetic fields (PMF) and (PEMF) in the healing process of Achilles tendon inflammation in the rat 
.
In a trial with 68 rats (Sprague Dawley) with induced tendinopathy were daily exposed to PEMF for up to 14 days. Results: The daily exposure provided an improvement in the fibre organization, a decrease in cell density, vascularity , and fat deposition, and a restoration of the physiological cell morphology compared to untreated tendons 
. 

PEMFs also positively affect the biomechanical and histological outcomes during the healing of rat rotator cuff tendons 
,
 and they may potentially serve as an adjuvant therapy to improve clinical outcomes in rotator cuff tendon repairs  

b. Bruises / Contusions / Strains
Athletes in all contact sports are susceptible to getting a muscle contusion. Contusions are second only to strains as a leading cause of sports injuries. Muscle contusions results from microscopic muscle fiber and capillary disruption which can cause microhermorrhages dissecting torn fibers and remaining viable muscle fibers 
. This stimulates the up-regulation of brain-derived neurotrophic factor (BDNF) expression. At the same time we see satellite cell activation and proliferation, suggesting that BDNF may play a role in mediating the satellite cell response to injury  
.
Strains, however, tend to occur in muscles that cross 2 joints, such as the rectus femoris, the hamstrings, and the gastrocnemius muscles 
. Destruction (1st week) is characterized by rupture of the myofibers and hematoma formation. This initiates an inflammatory cascade 
. 

PEMF can reduce haematoma, accelerate wound healing, treat soft-tissue injuries, and alleviate inflammation 
. In a trial with rats there was a significant increase of BDNF expression in the PEMF In conclusion, PEMF is a useful therapeutic method that improves muscle healing after muscle contusion 
.
In a randomised, placebo controlled  trial with 60 young male soldiers who had sustained acute soft tissue injuries. The occurrence of such injuries can lead to new recruits being delayed in completing their basic training and means some units can finish their training under strength. All soldiers were given Ibuprofen 400 mg (3 times a daily as long as required and were given light duty for 14 days. Half of the soldiers were allocated to receive PEMF (25 µT / 30 minutes / 2 weeks). The other half got a sham application. All soldiers were asked to record their subjective experiences of pain, swelling and function for 20 days on an VAS (visual analogue scale (0 - 100). Results: In the active group there was a statistically significant reduction in total self reported days of analgesic consumption (11,10 vs. 8,93 in the sham group). Additionally, PEMF reduced the mean VAS by 4,60 for pain, 3,23 for swelling, and for daily function by 3,44. Length of time to complete absence of symptoms was also significantly reduced in the PEMF group 
.
Despite the lack of recent literature sustaining a long-term positive effect of PEMF in treating shoulder and elbow tendon disorders 
,
,
, a positive effect of PEMF in reducing lateral epicondylitis pain was described at a short term follow-up (3 months). Moreover, several reports back in the 80's proposed a putative role in the treatment of rotator cuff disease and lateral epicondylitis 
,
. A very recent study by Osti et al. described a possible role of PEMF after rotator cuff repair as an adjuvant treatment, in order to reduce local inflammation, post-operative joint swelling and stiffness, and recovery time, as well as to induce pain relief. A significant short term (up to 5 months) positive effect was observed in PEMF treated patients, but the authors did not observe any clinical and functional improvement at a longer (2 years) follow-up 
.
 6 Setting recommendations:

It is preferable to apply program basic (the only exception is insomnia) / Magnetic fields act as a “carrier” in order to deliver frequencies into the body to stimulate cells and their receptors - our PEMF-system delivers more than 10 000 different self-running frequencies / Chose rather a high intensity to permeate deep into the body /   

Do not treat too long. Cyclic AMP, for example, diminishes at the latest after 8 minutes 
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