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There are many defi niti ons for the term pain. Internati onally recognized is the defi niti on of 
the Internati onal Associati on for the Study of Pain (IASP)1.

“Pain is an unpleasant sensory or emoti onal experience associated with actual or potenti al 
ti ssue damage, or described in terms of such injury.“

Acute pain serves as a warning signal that informs the body about impending or already 
occurred damage. So, acute pain has an important role to play in maintaining or restoring 
physical integrity. However, pain can also occur without cause or persist even though the 
cause no longer exists. These chronic pains have lost their warning functi on. 

Whether acute or chronic, strong or long-lasti ng, dull or sti nging, pain represents an enormous 
physical and emoti onal burden for those aff ected. Thus, pain is not only a pure sensory 
percepti on, but also an unpleasant emoti onal event.

Development of pain
Pain development follows a classical sti mulus-response mechanism. If the body is confronted 
with a noxious sti mulus, so-called nociceptors are acti vated. These pain receptors are very 
numerous in the skin, but also in muscles, the periosteum or in vascular walls and internal 
organs. 

Nociceptors are widely branched endings of special nerve cells that respond to various pain 
causes. Causes may be chemical, thermal or mechanical irritants (such as chemical burns, 
burnings or injury from an accident or surgery). The sti mulus leads to a change of the membrane 
potenti al (transducti on) and to a transformati on into acti on potenti als (transformati on). 

The sti mulus is forwarded through the spinal cord into the brain. The stronger the sti mulus, 
the greater the number of acti vated pain receptors and released mediators of infl ammati on, 
and thus the strength of the perceived pain increases.  

Pain Transmission
Basically, there are three types of pain transmission: peripheral, spinal and central trans-
mission. 

1. Peripheral Transmission 

The transmission of nocicepti ve impulses to the spinal cord occurs via typical regenerati ve 
acti on potenti als of the nocicepti ve neurons. Depending on the nature and functi on, a 
disti ncti on is mainly made between Aδ and C fi bers.  

• The fast Aδ fi bers (2-40m/s)  have a thin myelin sheath. They conduct the fi rst pain and 



trigger the «escape refl ex», such as the withdrawl of a body part from the source of 
danger.

• The slower C-fi bers (0.5-1.5m/s) are not myelinated and therefore have a much slower 
conducti on velocity.

The diff erent conducti on velocity of the primary aff erents can lead to the so-called double 
pain phenomenon: aft er the sti mulus, a bright, piercing pain sensati on (Aδ-fi bers) sets in 
immediately, followed by a second, oft en dull, burning pain (C-fi bers). An interrupti on of 
pain transmission with local anestheti cs can be used therapeuti cally (lead analgesia), but also 
diagnosti cally.

2. Spinal processing 

The sensory nerve fi bers coming from the periphery end spinally in the dorsal horn of the 
spinal cord. The nerve impulses are switched there at exciti ng synapses to the second sensory 
neuron (nocicepti ve projecti on neuron). Interneurons are switched on in refl ex circuits or 
infl uence the transmission of the sti mulus into the brain by promoti ng or inhibiti ng it. In 
additi on, numerous interneurons connect the neurons segmentally and verti cally to form a 
complex network. 

Viszero-somati c Convergence

The neurons in the spinal cord can receive input from both the surface of the skin and from 
the internal organs (viscerum). In these cases, higher brain centers can no longer unambigu-
ously associate the source of pain excitati on. This so-called visceral-somati c convergence is 
considered to be the cause of transmitt ed pain. As a result, suff erers may experience the pain 
sti mulus of a visceral organ as pain in a skin or muscle area (head zone). 

Synapti c Transmission

Incoming pain sti muli release exciti ng neurotransmitt ers, which transmit the pain informati on, 
thus the acti on potenti al, at the synapses from the fi rst to the second neuron. The most 
important of these neurotransmitt ers is glutamate.   
 
With prolonged nocicepti ve input, the acti vity can be increased by various mechanisms, 
including the release of substance P, neurokinin A or the neuropepti de CGRP (calcitonin gene-
related pepti des). The neurotransmitt ers bind postsynapti cally to various glutamate receptors, 
such as AMPA receptors or NMDA receptors, where they trigger an acti on potenti al that is 
transmitt ed to the brain via the nocicepti ve projecti on neurons. 

3. Central Forwarding 

Starti ng from the posterior horn of the spinal cord, the second-order axons cross the midline 
of the spinal cord via the anterior commissure and form the so-called spinothalamic tract 



in the anterior branch. The ascending fi bers of the spino-thalamic tract form collaterals at 
diff erent heights: at the spinal level, they acti vate complex motor responses (escape refl exes, 
defense movements) and sympatheti c refl exes (e.g., vasoconstricti on in the pain area). In the 
brainstem, on the other hand, vegetati ve reacti ons are controlled, such as heart rate and 
blood pressure increase or sweat producti on.

Pain Processing in the Brain
There is no defi ned pain center in the brain, but diff erent brain regions and structures are 
involved in the percepti on, processing and evaluati on of the pain signals. A disti ncti on is made 
between a lateral system and a medial system of pain-conducti ng nerve tracts.

• Lateral system: the so-called Tractus spinothalamicus lateralis is mainly used for pain 
percepti on and diff erenti ati on of pain sti muli.

• Medial system: the so-called Tractus spinothalamicus medialis is used for the evaluati on 
and emoti onal processing of pain sti muli. 

Not only the somati c input infl uences the pain experience. Rather, the percepti on of pain is 
dependent on individual modaliti es such as ethnic background, educati on and sociocultural 
environment, but also of psychological factors: anxiety, sadness, isolati on, worry and insomnia 
lower the pain threshold, while relaxati on, joy, att enti on, distracti on and suffi  cient sleep are 
associated with an increase of the pain threshold. 

Chronic pain
Chronifi cati on of pain happens when pain has lost its proper functi on as a warning and 
protecti on signal, has no recognizable physiological cause and persists for more than three 
months or occurs at intervals over a long period of ti me. The pain is then considered an 
independent disease.

The cause of a chronifi cati on can be on the one hand inadequate pain treatment of an acute 
pain, and on the other chronic and incurable diseases. The most common forms of chronic 
pain include back pain, headache and cancer related pain as well as rheumati c pain. With 
increasing age, chronic progression increases.

“One in fi ve adults in Europe suff er from chronic pain, 25% of whom can not fully parti cipate 
in social life, and this has physical and psychological eff ects - on the individual, his or her 

partner, children, parents and grandparents, neighbors and many others.“
- Joop van Griensven, President of the European Pain Alliance



For suff erers, the ongoing pain is an enormous burden that severely limits their quality of life. 
This in turn can lead to further illnesses such as depression. For a correct diagnosis in chronic 
pain, therefore, an extended examinati on is needed, which includes not only a special pain 
history but also a psychosocial anamnesis.

Pain modulati on
The central nervous system can modulate the sensati on of pain, thus strengthen or inhibit 
it. In the context of pain therapy, the focus is logically on the inhibitory component of the 
modulati on, which is mediated by the neurons descending from the cerebrum into the spinal 
cord. This can be promoted medically and non-medically. 

Descending Pain Inhibiti on  

The descending inhibiti on is an endogenous defense mechanism against pain. In the brain, 
descending pathways acti vate inhibitory mechanisms that lead to pain modulati on at the level 
of the spine. Serotonin and norepinephrine, which are produced by the brain stem, also act on 
the inhibitory pathways of the spinal cord. While serotonin can be both pain-inhibiti ng (inhib-
itory) and pain-enhancing (excitatory), the spinal release of norepinephrine leads exclusively 
to selecti ve pain inhibiti on.  

During the painful event, endorphins are released from spinal and supraspinal interneurons. 
They bind to pre- and postsynapti c opioid receptors. Presynapti cally, acti vati on of opioid 
receptors reduces transmitt er release; Postsynapti cally it reduces the hyperpolarizati on of 
the membrane. This mechanism is mimicked by pharmacological opiate analgesics such as 
morphine, methadone, codeine, tramadol, fentanyl, just to name a few.

PEMF in pain therapy 
Current medical approaches to pain therapy include pharmacological, surgical and physical 
opti ons. Although many pati ents can be provided with pain relief in this way, not all of them 
respond to or are suitable for these opti ons, and on the other hand, pharmacological and 
surgical therapy approaches do have risk potenti als not to be ignored. 

The most commonly used painkillers are so-called non-opioid analgesics such as ibuprofen, 
paracetamol, diclofenac or acetylsalicylic acid. Not only do they have an analgesic eff ect, they 
also have an anti -infl ammatory and anti pyreti c one. However, their side eff ect list, especially 
in higher doses, is long. For severe pain, drugs of the opiate level are necessary, which also 
have a high addicti on and abuse potenti al and are among the psychoacti ve substances. 

For people who can not control their symptoms with conventi onal pain management or are 
looking for other alternati ve approaches, PEMF could be an opti on. In some research, the 



eff ect of PEMF was comparable to the administrati on of 10 mg morphine in terms of pain 
reducti on22.  

Magneti c fi elds aff ect pain percepti on in many diff erent ways. These acti ons are both direct 
and indirect.  

• Direct eff ects of magneti c fi elds are: neuron fi ring, calcium ion movement, membrane 
potenti als, endorphin levels, nitric oxide and dopamine levels, and nerve regenerati on. 

• Indirect benefi ts of magneti c fi elds on physiologic functi on are on: circulati on, muscle 
relaxati on, edema, ti ssue oxygen, infl ammati on, healing, prostaglandins, cellular 
metabolism and cell energy levels.

Several authors have reviewed the experience with pulsed magnetotherapy (PEMF) in Eastern 
Europe33 and the west44. PEMFs have been used extensively in many conditi ons and medical 
disciplines. They have been most eff ecti ve in treati ng rheumati c and musculoskeletal disorders. 
Although PEMFs have been proven to be a powerful tool, they should always be considered in 
combinati on with other therapeuti c procedures.

Mechanisms and pain related conditi ons PEMFs have shown preclinical or clinical eff ecti veness:

• Chronic lower back pain5,65,6, including herniated lumbar discs, spondylosis, radiculopathy7, 7, 

sciati ca, arthriti s, osteochondrosis88

• Headache99, migraine1010, neck-1111, shoulder and arm pain1212

• Chronic musculoskeletal pain13,14,1513,14,15

• Neurologic pain signal processing1616

• Decrease of density of brain opiate receptors and pain percepti on17,1817,18and increasing 
pain threshold1919

• Toothache2020and stomatology2121

• Bone fractures2222

• Edema and swelling2323

• Ostheoarthriti s24,2524,25

• Post-herpeti c neuralgia2626

• Neuropathic pain2727

• Coxarthrosis2828

• Diabeti sche Neuropahti e2929

PEMFs of various kinds, strengths, and frequencies included have been found to have good 
results in a wide array of painful conditi ons. There is litt le risk when compared to the potenti al 
invasiveness of other therapies and the risk of toxicity, addicti on, and complicati ons from 



medicati ons. This creates a legit baseline for PEMFs to be a potenti al additi on or alternati ve 
in the treatment of pain. However, clearly more research is needed to elaborate mechanisms 
and opti mal treatment parameters for given applicati ons.
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