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Abstract: In this review we compile results cited in reliable journals that show a ratio for the use of pulsed electro-
magnetic fields (PEMF) in therapy, indeed. This is true especially for chronically inflamed joints. Furthermore, we try 
to link this therapeutic approach to the molecular background of chronic inflammation and arthritis. At first we start 
with the clinical outcome of PEMF therapy. Then, we look for possible triggers and an electromagnetic counterpart 
that is endogenously inherent in cell biology and in the tissues of interest. Finally, we want to investigate causal 
molecular and cellular mechanisms of possible PEMF actions. It shows that there are endogenous mechanisms, 
indeed, which can act as triggers for PEMF like the resting membrane potential as well as resonance mechanisms 
in charged moieties like membrane transporters. Especially voltage-gated calcium channels can be triggered. These 
may lead into specific signaling pathways and also may elicit nitric oxide as well as moderate radical reactions, 
which can ultimately lead to e.g. NFκB-like reactions. Concerted in the right way, these reactions can cause a kind 
of cell protection and ultimately lead to a dampening of inflammatory signals like interleukins.
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Introduction

This review will concentrate on pulsed electro-
magnetic field (PEMF) therapy in arthritis and 
on possible mechanisms linking PEMF with 
endogenous electric phenomena on cell- and 
molecular biological level. 

In degenerative processes of joints, like in 
arthritis, interleukin (IL)-1β and tumor necrosis 
factor TNF-α represent two key mediators. 
These signaling factors are synthesized and 
secreted by monocytes, macrophages as well 
as in the local tissues [1-4]. Many other clinical, 
in vivo and in vitro studies show a massive 
secretion of IL-1β and TNF-α in these degen- 
erative diseases [5-8]. Miller et al. [4] report 
that such pro-inflammatory factors in turn stim-
ulate catabolic degradation of collagen matrix 
via matrix metalloproteinases 2 (MMP2) and 
13 (MMP13) [9, 10] also linked to painful disc 
degeneration [11]. In this context, a diminished 
water binding capacity of the collagen matrix is 
discussed. MMPs also activate NF-κB [12] sig-
naling to promote IL-6 [13] and IL-17 [14] 
expression. By this, MMPs are driving a vicious 

cycle. Regarding PEMF many studies report that 
this external stimulation is followed by complex 
biological reactions meditated by different sig-
naling pathways [3]. In osteoarthritic situations, 

many positive effects of PEMF therapy were 
observed [15-19]. 

In the present review we want to look into the 
literature if there are a) really positive clinical 
outcomes after PEMF therapy; b) screen experi-
mental studies dealing with PEMF and muscu-
loskeletal cells and tissue, especially regarding 
interleukins and TNF-α and c) search for an 
electromagnetic intrinsic counterpart and trig-
ger for PEMF in cells and tissues. Finally, we 
want d) to look for causal molecular and cellular 
mechanisms of possible PEMF actions.

Results and discussion

Clinical data

Many papers report that PEMF as FDA - 
approved therapy is effective for treating pseu-
doartrosis, diabetes mellitus induced complica-
tions, delayed wound healing, pain and neuro- 
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degenerative disorders [20-28]. In the clinic, 
this therapy has positive effects for the regen-
eration of musculoskeletal tissues such as car-
tilage, bone, tendon and ligament [29-34]. 
Ryang We et al. [18] found a significant benefi-
cial effect of PEMF on WOMAC pain scores at 1 
month compared with a sham treatment (see 
[35]). In addition, a recent study of our group 
revealed a significant and relevant improve-
ment in pain category of the WOMAC question-
naire, and significant improvements in mobility, 
daily activity score as well as global score dur-
ing treatment of acute osteoarthritis of knee 
joint (severity level 2-4 according to ACR 
criteria). 

PEMF therapy option is of particular relevance 
due to its effect on pain in patients. This is 
important when the patients suffer from intol-
erance to chronic and high doses of e.g. non- 
steroidal anti-rheumatic drugs. Due to pain 
reduction, mobility and ability to perform daily 
activities were improved. In consequence, this 
is beneficial for both passive physical move-
ment and for physical training performed by the 
patient [36]. In addition, several recent studies 
showed again the effectiveness of the PEMF 
treatment in clinical assessment of arthritis 
and neuropathy [37-40]. On the other hand, 
transcutaneous electro stimulation by elec-
trodes for therapy of knee osteoarthritis is 
reported to be not effective for pain relief [41].

Experimental in vivo and in vitro data 

Regarding bone density, PEMF therapy increas-
es osteoblast activity but significantly reduces 
osteoclast formation [42-44]. Osteogenic dif-
ferentiation is enhanced in MSCs by PEMF if 
the cells are pre-committed [45]. Also, MSCs 
derived from adipocytes differentiate faster 
and more expressed if they are cultured in a 
medium favoring osteogenic differentiation. 
What is more, Zhai et al. [46] could show that 
PEMF stimulation (38 Hz, 2 mT) for 2 h per day 
enhanced osteoblastic functions through ame-
lioration of the cytoskeletal organization; in- 
creased proliferation-related gene expressions 
as well as upregulated gene and protein expres-
sions of collagen type 1 of the Runt-related 
transcription factor 2 and of Wnt/β-catenin  
signaling [46]. Furthermore, a cell protective 
effect was found via the activation of the PI3K/
Akt/Bad signaling pathway. In guinea pigs, 
Veronesi et al. could show that PEMF (75 Hz) 

dampened all symptoms of knee osteoarthritis 
[47].

Furthermore, PEMF can lead to chondroprotec-
tive effects on joint cartilage in animal models 
[32, 48-55]. 

A more indirect indicator is the positive effect 
of PEMF on angiogenesis by enhanced produc-
tion of fibroblast growth factor beta-2 [56]. 
Since angiogenesis is a process critical for suc-
cessful healing, this represents also an impor-
tant aspect for therapy. In the case of cultured 
tendon fibroblasts, following PEMF exposition, 
de Girolamo et al. [57] among others, estab-
lished increased collagen I expression and 
increase of anti-inflammatory prostaglandins, 
and a huge rise in the Vascular Endothelial 
Growth Factor (VEGF)-A-mRNA transcription. 
Thus, these findings indicate a tendency 
towards proliferation and increase in vascular 
density. 

In cell lines (murine osteosarcoma, [58] PEMF 
can increase proliferation rates as well as in 
osteoblasts [44, 59] and in chondrocytes [60] 
the stimulatory effect of PEMF on osteoblast 
proliferation and differentiation is accompa-
nied by an increase in nitric oxide (NO) synthe-
sis [61]. It is known that in addition to its vaso-
dilatory effect, NO exerts many important 
functions on the vascular wall like inhibiting 
apoptosis [62]; regulating cell migration and 
angiogenesis [63] - and importantly, suppress-
ing the inflammatory response induced by cyto-
kines [64]. Our own group could demonstrate 
stimulated increases in NO production in 
HUVEC cultures. These experiments could also 
explain the stimulation of peripheral blood flow 
observed in vivo in forearms and hands of vol-
unteers observed in a concomitant study in this 
paper (see [65]). 

Some recent clinical and experimental studies 
report effects of PEMF on interleukin IL-1β 
(IL1β) levels, too. Here, Boopalan et al. [66] and 
Ongaro et al. [55] could show that IL1β is 
reduced by PEMF. What is more, gene expres-
sion in members of the Transforming Growth 
Factor (TGF-β) family is enhanced by PEMF [67] 
and local expression of TGF-β results in 
improved bone fracture healing [68]. In this 
turn, proliferation, differentiation and synthesis 
of cartilage matrix proteins [48, 69] are enha- 
nced by PEMF.
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Caliskan et al. [70] studied especially the 
effects of IL-1β and TNF. They concentrated on 
the effects of PEMF on the MMP-9 and TIMP-1 
production in chondrosarcoma cells stimulated 
with low and high doses of IL-1β. In sum, this 
study could reveal that PEMF treatment sup-
pressed IL-1β-mediated up-regulation of MMP- 
9 protein levels. In primary rat nucleus pulpo-
sus cells, Zou et al. [3] found that the levels  
of IL-1β and TNF-α secreted into the culture 
media were significantly reduced in an intensi-
ty-dependent manner by low-frequency PEMF 
stimulation. 

Miller et al. [4] exposed human annulus fibro-
sus and nucleus pulposus cells to IL-1α and 
stimulated by PEMF for 4 hours daily for up to 7 
days. They found that PEMF treatment less-
ened the IL-1α-induced upregulation of genes 
expressed in degenerated intervertebral disc 
cells. After 4 days, PEMF tended to reduce IL- 
1α-associated gene expression of IL-6 in nucle-
us pulposus cells and MMP13 in annulus fibro-
sus cells. Additionally, PEMF treatment signifi-
cantly diminished IL-1α-induced gene expres- 
sion of IL-17A and MMP2 in nucleus pulposus 
cells and NFκB in annulus fibrosus cells. 

Tang et al. [71] used a GFP reporter system 
driven by IL-6 promoter to visualize the PEMF 
treatment effect on IL-6 transcription in single 
living cells. IL-6-MS2 reporter-labeled cells 
were treated with IL-1α to mimic the in situ 
inflammatory environment of degenerative disc 
while simultaneously exposed to PEMF continu-
ously for 4 h. The authors could show in live cell 
imaging that the pro-inflammatory factor IL-1α 
significantly promoted IL-6 transcription over 
time. Imaging and PCR data demonstrated that 
the inductive effect of IL-1α on IL-6 expression 
could be significantly inhibited by PEMF treat-
ment in a time-dependent manner. The authors 
[71] conclude that PEMF may have a role in the 
clinical management of patients with chronic 
low back pain. The above mentioned positive 
effects of PEMF on molecular biological path-
ways motivate again for a search for an electro-
magnetic intrinsic counterpart and trigger for 
PEMF in cells and tissues.

Endogenous electromagnetic counterpart in 
cells and tissues

Indeed, electromagnetic fields (EMF) are pro-
duced endogenously within an organism. Many 

EMF - rhythms are present in the nervous sys-
tem, in the musculoskeletal system and within 
all connective tissue. Like in this kind of tissue, 
mechanical deformation also of bone causes 
piezoelectricity. Furthermore, bending strain 
couples to permanent dipoles in collagen mol-
ecules [72, 73]. Frequencies from 5 to 30 Hz 
were found during postural muscle activity 
(quiet standing) and of 10 Hz during walking 
[74]. So, everything in living systems is in 
motion and by changing EF also magnetic fields 
are associated. That means EMF and PEMF 
arise from movements of muscles, tendons, 
etc. In body fluids, streaming potentials can 
arise; this means the electric potential differ-
ence between a liquid and a capillary, a dia-
phragm, or a porous solid [42]. All this is also 
additional information from cell to cell and with-
in the tissue.

At the dimensions of a single cell, microdo-
mains of ion channels and transporters are dis-
tributed in a pattern across the entire two-
dimensional surface of a cell. This pattern, too, 
can encode an enormous amount of informa-
tion [75]. What is more, these ion pumps nor-
mally do not maintain the same level of work 
over time. A characteristic pattern of fluctua-
tion in activity, can add specific rhythms to the 
spatial patterns. Channel clustering, especially 
in cell protrusions is very important - this infor-
mation came from experiments of Kindzelskii 
and Petty [76] who showed that in neutrophils 
this phenomenon can significantly lower the 
signal-noise ratio (see above). At the lamellipo-
dia, store operated Ca2+ channels are clustered 
and inhibition of these channels abolished the 
migration response of these cells. It seems 
likely that these store-operated channels are 
part of plasma membrane proteins, which can 
be affected by weak electric fields (EF). In addi-
tion, several of such channels are members of 
the transient receptor potential-like (TRP) fami-
ly of gene products. Among these proteins, 
TRP1 is a lipid raft-associated protein [77, 78]. 
These clusters of receptors will by drawn by the 
charge difference of a putative electrode or 
charge gradient and the charged receptor in a 
kind of micro-iontophoresis [79]. Kindzelskii 
and Petty [76] again, could show that clusters 
of such proteins enhance the sensitivity for EF 
detection and that a discontinuous cell geome-
try with clustered “receptors” favors EF detec-
tion whereas spherical cells with equal distribu-
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tion of receptors are relative insensitive. The 
number of the clustered “receptors” can 
amount to 106 in clusters of µm size. Thus, an 
estimated signal/noise ratio of at least a factor 
of 30 can result. 

And, again, if the EF come rhythmic in a reso-
nance frequency of the receptor - “antennae”, 
than it is clear that this elicits a more expressed 
effect [80] (Figure 1).

An additional enhancing of the sensitivity can 
be reached by coherence and cooperative 
interaction of receptors to receptors or chan-
nels to channels (the distance of individual 

channels normally being only about 7 nm). This 
coupling may take place via conformational 
mechanisms or via other coupling (electron tun-
neling or other quantum effects). All these 
mechanisms may further improve the signal 
amplification ([81, 82] see [76]). Phase-
matched EF in the presence of ion channel 
clusters caused e.g. myeloperoxidase (MPO) to 
traffic to the cell surface. As MPO participates 
in high amplitude metabolic oscillations, this 
suggests a link between the signaling appara-
tus and metabolic changes [76]. Thus, channel 
clustering plays an important role in EF detec-
tion and downstream responses. 

Figure 1. Different ways of PEMF-coupling to molecular biology of the cell: Upper left: ligands with polar moieties  
can go into resonance with PEMF-frequencies. Downstream events are elicited e.g. via receptor tyrosine kinases 
(RTK) PIP2 (Phosphatidylinositol 4,5-biphosphate), PIP3 (Phosphatidylinositol 3,4,5-triphosphate) and lipid Phos-
phatase PTEN (Phosphatase and Tensin homolog). PIP3 can signal further via Akt and Akt itself is the center of 
many other signaling pathways. Thus, many functional ways can be accessed by these signaling cascades. Upper 
right: voltage-gated calcium channels (VGCCs) can be addressed directly by PEMF. The Ca++ stream into the cell can 
act on many other pathways and organelles. Bottom right: PEMF can also act by its magnetic component on radical 
production and in medium with oxygen also to radical oxygen species (ROS). Further, by spin triplet reorientation 
also a directional component can be induced. Nitric oxygen (NO) can also be released from mitochondria by PEMF 
and by radical production. NO and ROS in turn can also react to peroxynitride (ONOO-). This in turn will activate IκB 
and NFκB and this can elicit in “moderate” amounts cell reactions which lead to a kind of “pre-conditioning” and 
protection.
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At least, a very important factor for regulation 
of cell homeostasis is the level of the resting 
potential, generated on the cell membrane. 
What is more, recent studies imply that the 
resting potential is a key regulator of cell cycle 
as well as of proliferation. Depolarization of cell 
membrane potential by external changes in ion 
concentration inhibits G1/S progression of 
Schwann cells, astrocytes, fibroblasts and lym-
phocytes. This suggests that hyperpolarization 
should be important for initiating S-phase [83-
85]. Many proteins are involved in this mem-
brane potential triggered cell cycle control [85]. 
For G2/M transition, depolarization of the plas-
ma membrane should be mandatory. In total a 
rhythmic change to hyperpolarization before 
DNA synthesis to longer depolarization during 
mitosis can be found as general pattern in tis-
sue embryogenesis and regeneration [86-89]. 

Cell cycle can also determine cell fate in dis-
eases, means depending on outside condi-
tions, the resting membrane potential level can 
switch in a flip flop manner into different states 
- especially if the order between the cells is per-
turbed during a diseased state. This may hap-
pen also between larger groups of cells; 
because ion transmitting gap junctions exist as 
well as other ways to convey information. 
Nowadays computer-modeling studies arise, 
showing how groups of cells with altered mem-
brane potential level behave compared to nor-
mal cells [80]. 

On the other hand, relatively few papers exist 
on how the resting potential in cells and group 
of cells is altered in pathogenesis, e.g. during 
inflammation. It is only known that inflamma-
tion causes a lowering of the threshold for 
action potentials [88]. Regarding inflammation- 
induced joint pain, Hatch et al., describe that 
hyperpolarization-activated cyclic nucleotide-
gated (HCN) channels are implicated [80]. 

In fact, the observation that the level of resting 
potential can switch from a diseased potential 
back to normal could be a very good argument 
for EMF/PEMF therapy [75]. Means, this thera-
py may trigger the tendency of the resting 
potential into the direction of a switch back 
from diseased to normal state. 

To sum up the above-mentioned findings, a 
natural counterpart exits in the tissue environ-
ment for the ULF part of the EMF spectrum and 

for PEMF. And, one should keep in mind regard-
ing time coordination that endogenous EFs pre-
cede most mechanical and biochemical pro-
cesses in development, wound healing and 
regeneration.

Causal molecular and cellular mechanisms of 
PEMF 

As already mentioned, to be effective, EMF-
stimuli have to be coherent [90], presenting a 
train of regularly recurring signals. The stimuli 
must be present for a certain minimum dura-
tion [91]. “Windows” were found for certain fre-
quencies at cell and molecular levels: for the 
brain [92-94] and also for non-neural cells [95, 
96]. In human granulocytes, Sontag and 
Dertinger [97] investigated the liberation of 
prostaglandin E2 (PGE2) during application of 
EMF of different frequencies: here “windows” 
at 6 and 16 Hz were found, where PGE was 
200% above 0 Hz baseline. Beneath these 
“windows” (e.g. at 10 Hz) PGE was only slightly 
above the baseline. 

Interestingly, PEMF pulsation frequencies and 
application profiles mostly have been “copied” 
from the above mentioned naturally occurring 
frequencies in order to give “healing signals” to 
the body. However, one has to consider that 
pulsing in near rectangular shape produces a 
spectrum of multiple frequencies [80]. 

The molecular mechanisms underlying the 
direct coupling of the electric field to the cells 
are largely unknown. PEMF are comprised of 
low energy photons and so the question arises 
how such low or non - thermal effect can act on 
cells and tissues. 

Lever/antennae

Charged receptors or other kinds of ‘antennae’ 
outside the cell membrane should recognize 
EMF by their ability to resonate with respective 
EMF frequencies by appropriate dimensions of 
the moving parts that hold a charge on the free 
end. The resonance frequency thereby depends 
on the length of this lever (Figure 1). Induced 
surface charge movements on the membrane 
trigger then signaling pathways e.g. via a recep-
tor tyrosine kinase [98, 99] (Figure 1). This phe-
nomenon is similar an electrophoretic mobility 
of charged molecules in the cell membrane 
exposed to a static EF. The induced charge 
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movement would represent at least a modifica-
tion of Coulombic forces on the outside of the 
cell [100, 101] or a modification of the charge 
distribution on the attachment surface.

Proton channels 

Regarding directionality in cell migration our 
group could show in experiments with DC EF 
electrode-stimulation that NaKA and NHE3 
voltage sensitive channels on the cell mem-
brane can act as directional sensors in EF- 
induced directional cell motility, indeed [102, 
103]. These channels act via PIP2 as a poten-
tial mediator and the cell membrane potential 
again is a regulatory cue (Figure 1). Using SaOS-
2 and primary osteoblasts representing anode- 
and cathode-directed motility we show that 
active NHE3 is concentrated in membrane pro-
trusions that are accompanied by proton fluxes 
at the leading edge of the cellular migration. 
This activity is required for the perception of 
direction. On the other hand NHE1 is homoge-
nously localized throughout the surface mem-
brane and is involved in directional migration. 
The resting potential as a result of NaKA activ-
ity has a regulatory function that maintains the 
persistent directionality by modulating the spa-
tiotemporal changes between leading edge 
(hyperpolarized) and rear end (depolarized) in 
migrating cells.

Resting potential

For regenerative therapy the fact is important, 
that e.g. in human mesenchymal stem cells 
(hMSCs), cell differentiation is accompanied by 
a progressive hyperpolarization. Artificial depo-
larization holds these cells in an undifferenti-
ated (stem cell-like) state, while artificial hyper-
polarization accelerates differentiation [104]. 
For example, membrane potential controls 
adipogenic and osteogenic differentiation of 
mesenchymal stem cells. In the next step of 
transduction from changes in resting mem-
brane potential to intracellular mechanisms it 
is discussed an increase in Ca++ entry into the 
cell (see below) and a positive feedback loop 
between Ca++ entry and Ca++ dependent potas-
sium channels [105]. In further signaling cas-
cades till gene regulation, e.g. phosphatase 
and tensin homolog (PTEN) (see below) is 
involved as well as epigenetic regulators like 
histone decarboxylase (HDAC). Here, Levin [75] 

reports that the lipid phosphatase PTEN was 
found to be a component of an intrinsic voltage 
sensor [106]. PTEN negatively regulates the 
PI3K and Akt pathway by reducing the available 
amount of PtdIns [75, 107, 108] P3. Further- 
more, genetic abrogation of pten enhanced 
ERK and Akt phosphorylation, and potentiated 
field-induced keratinocyte migration [75, 109] 
(Figure 1).

Magnetic component 

If we look at the influence of the magnetic com-
ponent of PEMF it is known that ROS are char-
acterized by very short intermediate spin trip-
lets with one free triplet radical. Under the 
assumption that radicals will be produced, the 
direction of the magnetic field lines interferes 
with triplet orientation and by aligning of the 
free triplet radical along the field lines a direc-
tional information can happen. This information 
is used in the retina (radicals are produced 
here by blue light) of some bird species to ori-
ent along the weak field lines of earth’s mag-
netic field [110]. And, because the photorecep-
tors are aligned in perfect hemispheres, retinae 
are ideal antennas. In general, this triplet infor-
mation again can be used by downstream sig-
naling pathways (see above) to elicit the mani-
fold cellular reactions. 

Here, Ehnert et al. [111] could show that single 
exposure to ELF-PEMF induced ROS production 
in human osteoblasts, without reducing intra-
cellular glutathione. Repetitive exposure to 
PEMF, however reduced ROS-levels, suggesting 
alterations in the cell’s antioxidative stress 
response. PEMF exposure also induced expres-
sion of GPX3, SOD2, CAT and GSR on mRNA, 
protein and enzyme activity level. The above-
mentioned authors found that scavenging of 
radical species diminished the PEMF effect on 
osteoblasts function (AP activity and mineral-
ization [111]. However, challenging with low 
amounts of H2O2 on the other hand improved 
the function. Thus, it is concluded that PEMF 
elicited non-toxic amounts of ROS. This might 
represent an interesting adjunct to convention-
al therapy supporting bone formation.

Direct action on voltage-gated calcium chan-
nels (VGCCs)

In a very comprehensive review regarding EMF 
- effect on biological tissue Pall [112] found out 
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that the common denominator of many EMF-
effect studies is a direct action on voltage-gat-
ed calcium channels (VGCCs) (Figure 1). This is 
normally accompanied by a rapid increase of 
Ca2+ [113-117]. The multiple reactions followed 
by an increase of Ca2+ include also the Ca2+/
calmodulin dependent nitric oxide synthases 
like (neuronal-) nNOS, (endothelial-) eNOS and 
inducible NOS (iNOS); expressed in many cell 
types in response to cytokines and other agents 
to generate large amounts of NO ([118-121]. 
The NO produced can also react with radical 
induced superoxide to form peroxynitrite 
(ONOO-) (Figure 1). And indeed, EMF-studies 
exist, which show a concomitant rise of NO and 
ROS [122-125]. 

On the other hand, NO and ONOO- are often 
generated in excess during inflammatory and 
pathological conditions, contributing to associ-
ated toxic effects [126]. However, in physiologi-
cal conditions - as signaling pathway - or after 
application of near infrared light (see [119]) a 
moderately generated amount of ROS, NO and 
ONOO- can occur, leading to a kind of precondi-
tioning reaction of the cell which is beneficial 
and a shelter for subsequently released stress 
factors [119]. In detail, moderately generated 
ROS, NO and ONOO- lead to activation of IκB 
and NFκB which is then translocated into the 
nucleus and by this leads to altered gene 
expression causing cell survival, growth and 
proliferation and redox homeostasis [119] (see 
Figure 1). Thus, many of the above mentioned 
beneficial effects can be explained as second-
ary or tertiary effects of EMF or PEMF.

Regarding these presumed secondary and ter-
tiary effects leading to preconditioning and cell 
survival it is interesting that PEMF was able to 
decrease the elevated levels of ER chaperons 
Grp94, PDI and the apoptosis marker CHOP in 
human liver carcinoma cell lines. Also cell via-
bility was also improved by PEMF exposure. 
Thus, these results indicate that PEMF is able 
to alleviate ER stress (here induced by tunica-
mycin) [127]. The unfolded protein response 
(UPR) of the ER might also represent a kind of 
marker for preconditioning if this is a regulation 
after a short stress and can be compensated 
by the cell. If the cells in an inflamed zone have 
been functionally dissociated - like in inflamma-
tion or in an extreme stress, this UPR will lead 
into apoptosis (own results, submitted). 

Let us go back to the situation using PEMF in 
therapy, then it is conceivable that cells can get 
some “orientation” again not only with regard of 
space but also with regard of timing (see above: 
[76]). Those space and time orientation cues 
give cells of inflamed zones a re-linking to the 
healthy tissue. Because the inflamed zone is in 
many aspects “decoupled” from the rest of the 
tissue - also by the cytokines released. 
Otherwise, older and stressed cells with no 
physiological orientation react with enhanced 
ROS production, pre-apoptotic signaling and 
signs of mitochondrial stress as well as other 
signs of energy - depletion [128]. 

So in sum, it may well be the case that by PEMF 
treatment of inflamed areas e.g. in osteoarthri-
tis may switch the cells to a more healthy state. 
In this regard, new additional studies would be 
desirable also observing in vitro and vivo the 
resting potential of the stressed cells during 
and after PEMF. 
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