
ABSTRACT
As the revolution in technologies and industries continues in the modern world, there is a diverse process of 
evolution in electromagnetic field (EMF) induced by appliances that include laptops, mobiles, cellular base station, 
etc. The electromagnetic field has more negative effects on the living things, but can also be used in regenerating 
the nerve. Radiation is reported to influence isolated nerve preparations, the central nervous system, chemistry 
and histology of the brain, and the blood-brain barrier. Peripheral nerve injury occurs due to nerve crushing and  
are the most common lesions within the nerve injury. The low frequency non-ionizing EMFs vibrates are able to 
modify the tissues structures of the nerves due to their thermal effects. The effects of pulsating EMFs on nerves has 
been a subject of research in humans and animal by studying their behavior and nerve electrical properties. This 
review gives a brief introduction to types of EMFs and addressess the biologic consequences of electromagnetic 
field on the nervous system with special focusing on the peripheral nerves. In this review recovery characteristics 
of soft electromagnetism currents in nerve injury and regeneration of nerve, the therapeutic process associated 
with it has been discussed.
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INTRODUCTION

Electromagnetic field (EMF) consists of oscillating electric 
and magnetic field perpendicular to each other and 
perpendicular to direction of propagation. The energy of 
the electromagnetic waves are quantized by quanta called 
Photons. The electromagnetic spectrum consist of various 
regions frequency of photons ranging from 101 hz to 
1024 hz. The region of frequency 4x1014 to 7.5x1014 
hz is called visible regions and others are invisible, 
Fig1. visible and invisible EMF exist everywhere in 
our surroundings in the environment due to manmade 
and natural sources. high frequency EMF consist of 
photons of high energy, they ionize the materials that 
they pass through. low frequency EMF are non-ionizing 
emanates from many man-made electrical and industrial 
devices. Furthermore, based on frequencies these EMF are 
classified as extremely low-frequency electromagnetic 
fields (ElEMF) frequency ranging from 1 to 300 hz, 
intermediate frequency EMF from 300 hz to 100 khz, 
commonly called as low-frequency EMF. 

Further the high frequency but non-ionizing EMF can 
be classified as Radio frequency EMF frequency ranging 
100 khz- 300 Mhz, Micro waves 300 Mhz -30 ghz, 
millimeter waves 30 ghZ -300 ghz, and Terahertz waves 
frequency ranging from 300 ghz to 10 or 30 Thz. EM 
radiations from different regions of EM spectrum leaves 
different effect of absorbing materials. When atoms 
or molecules absorb the electromagnetic energy from 
terahertz regions, then they are transferred to higher 
energy levels. The electrons are promoted to higher 
orbital by visible or ultra violet radiations, vibrations are 
excited by infrared radiation and rotations are excited 
by microwaves. The atomic absorption spectroscopy 
measures the concentration of an element in a sample; 
whereas atomic emission spectroscopy measures the 
concentration of elements in samples (Ahmad, 2010; 
Ahmad 2014, Ju 2015; Terzi 2016, Ross 2019, lin 
2020).

general public is mainly exposed to the low frequency 
EMFs in microwave regions from 300 Mhz-3 ghz due 
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to indoor electrified appliances particularly microwave 
oven, Tvs, smart phones, computers, science games, 
induction cooking heats vessels, and fluorescent tubes, 
etc. The magnetizing vibrates releases frequency from 
the mentioned instruments ranges from low to very 
high frequency  domains. Electromagnetic vibrates is 
an extra area of energy created by electrical devices. 
several  research groups are giving attention to the 
possible effects of the EMFs with biological relationships, 
particularly in the light of recent study  proposing that 
EMFs may contribute to degenerative nerve illness. 
several searches  have shown the  EMF influences on 
human health but still there is no clear cut evidence to 
relationship effects caused by EMF exposure. EMFs have 
improved in human daily life and this are useful even 
in medical field for diagnostic and treatment purposed. 
The harmful effects of EMF exposure are most commonly 
skin problems including ruddiness, tickling and burning 
feel as well as nervous breakdown indications in a mode 
of fatigue, concentricity lose, whirling sensation, and 
motion troubles. large  number of experiments done 
on the EMF impacts  on nerve  system and associated 
sensory apparatus. It is reported that EMF can lead to 
chemical, morphological, and electrical changes in the 
nerve system (Who, 2002; Terzi, 2016; Peter lyttkens 
2018 lin 2020).

The biotic effects of contact with low frequency EMF 
(lEMF) results from such devices rely on the distance 
of the servant from them. Prolong exposure of lEMF 
by electronic gadgets such as micro wave devices and 
outdoor sources power bases, high-voltage overhead 
and underground power lines used for the electricity 
traffic cause Electro-hypersensitivity (Ehs) called 
microwave syndrome. some of the symptoms of Ehs are 
headache, fatigue, insomnia, tinnitus, photophobia, loss 
of memory, sense of cognitive dysfunction, irritability, 
pain at different sites and sometimes cardiovascular 
abnormalities (liakouris, 1998; Khurana, 2010; Who, 
2013; Jhonson, 2015; carpenter, 2015;.dekun gao et 
al 2018).

Biological Effects of Low Frequency EMF: When an low 

Figure 1. Electromagnetic spectrum; (Ahmad 2010)
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frequency electromagnetic radiation is applied to metal 
it will be reflected, where as it get attenuated and fall off 
exponentially in biological subjects. The effects of these 
electromagnetic forces on the biological systems have 
been primarily associated to thermal and non-thermal 
attributes. An EMF in microwave region on biological 
subject can considered as imposing time-varying forces 
on charged ions, molecules, regions of bonds between 
molecule having dipoles and monopoles in tissue by 
virtue of its oscillating electric field.

Thermal Effects: All electromagnetic forces possibly 
transformed into thermal performance during interactions 
with materials; thus, all electromagnetic force has 
thermal effects on living systems. The frequency of 
electromagnetic pulsing have thermal consequences as it 
affects the permeation into biological systems. At first, it 
has been thought that low frequency EMFs did not have 
sufficient power to make significant heating, and could 
not lead to any potential alterations in the biological 
complexes. Recently many studies have shown that 
electromagnetic vibrates are able to modify living tissues 
structures due to its thermal effects (Binhi, 2002; gajšek, 
2016). An endothelium of a large blood vessel or tissue 
boundary of a mucous membrane of the stomach has 
an electrically polarized cell membranes with a regular 
coulomb structure, the orientation of the membrane 
dipoles are completely randomly oriented in the absence 
of EMF. But when an EMF is applied coherent microwave 
beam producing a standing E-field wave, this radiation 
wave pattern can diffract stirring charged particles into 
highly organized patterns. When charges are rotated 
a torque will acts on them in phase with the EMF, the 
work done is converted in thermal energy (nairz, 2001; 
Williams, 2016; Ahmad, 2018).  

Non-Thermal Effects: non-thermal effects are not caused 
by temperature changes but by some other changes in 
the tissues as the magnetizing force is absorbed into 
the body. The leading mechanisms of the interaction 
between electromagnets and biological complexes  at 
non-thermal levels are still unclear (Binhi, 2002; gajšek, 
2016). Many studies have reported that both thermal and 

non-thermal effects of EMF can affect nervous system 
and peripheral nerves.

EMF And Nervous System: The  Peripheral nerve in human 
body  has been proved to be an ultimate electromagnetic 
system. It works by releasing different chemicals and 
producing heat that creates electromagnetic fields in the 
body. different exposure conditions can been used to 
study the effect of EMF on biological and immune system. 
Radiation that allowed to expose on the nerve includes 
continuous-wave (cW) or pulsed-wave RF radiation of 
different frequencies and with power densities having 
different specific absorption rates (sARs) in biological 
material. Researchers use continuous and/or intermittent 
pulse exposures, some groups argue that the intermittent 
exposures are more efficient in causing biological effects, 
(Rannug, 1994) while, some other suggest  peaked EMF 
exposures. The comparison of homogeneous and gradient 
static EMF exposures indicates that the gradient EMF is 
more biologically effective (hirose, 2003). 

some studies suggest that EMF and Radio Frequency 
radiation will have no direct effect on dnA, some 
conditions exert a biological effect reminiscent of 
heat shock and/or stress. This effect is weak but much 
dependent on the state of cell homeostasis prior to 
radiation exposure. studies suggest that the effects 
of EMF exposures are mild in comparison to other 
ionizing radiation, heat shock, nutrient deprivation, 
etc. and unpredictable. The effects of electromagnetic 
pulsing on nerves have been a subject for research 
since alterations in animal behavior and nerve electrical 
properties were first reported in the end of the nineteenth 
century. Radiation is reported to influence isolated nerve 
preparations, the central nervous system, chemistry 
and histology of the brain, and the blood-brain barrier 
(national Research council (us), 1993). The transmission 
of signals in biological systems occurs through complex 
electrochemical events. The biological effects of EMF is 
more pronounced in pathway of  the plasma membrane, 
through which the sinusoidal EMF signal induces 
a voltage change. The signal exerts forces on free 
ions which are present on either  sides of the plasma 
membrane leading it to  travel across the cell surface 
through trans membrane proteins. 

These free ions often generate an intracellular vibration 
which is responsible for the influx of extracellular ca2+ 
ions and the binding affinity of calmodulin (caM), 
which is the basic pathway to the secondary messengers, 
cAMP and cgMP, that have been found to influence 
inflammatory pain (christina, 2016). The nature of 
the electrical communication in humans and animals 
suggests a potential interactive target for influences 
from external EMFs. some research groups described the 
thermal nature of MW energy absorption, some other  
groups associate non-thermal or specific MW effects at 
the molecular and cellular level. The description of the 
effect of MW energy of 3 to 30 ghz in the centimeter 
range on the conditional response activity of animals 
was experimentally studied by gordon et al. (gordon, 
1955; Martin 2016).
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Figure 2. Neuron Histology - Degeneration and 
Regeneration of nerve (Grinsell, 2014)
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In subsequent years, the study of non-thermal effects of 
MWs gradually taken the main role in electrophysiological 
studies by many researchers. It is reported that single 
and repeated exposures of MW of power density 50 
to 150 W/m2 to rats, led to weakening  the excitation 
process and decreased the functional mobility of cells 
in the cerebral cortex of rats. Edematous changes due 
to aqueous accumulations were  found throughout the 
cortex. The greatest number of altered cells was noted 
with repeated exposures at 150 W/m2 (yakovleva, 1968; 
novitskiy, 1971).  studies have made it is clear that the 
amount of energy absorbed due to exposure of  MW 
depends on factors such as frequency and wavelength, 
body shape and size, and orientation in the fields. on 
the whole, the evidence for differential nervous system 
or behavioral responses to continuous or pulsed-wave 
MWs is fairly weak (Frey, 1975; durney, 1986; gandhi, 
1990; Rocha 2015). Furthermore, some research groups 
studied the comparison of pulsed and cW EMF in MW 
region and can be found that exposure of MWs can cause 
conditioned reflex activity and functional changes in the 
activity of cns which is reversible. In a study by some 
other group, proliferative reaction of glial cells shows 
that, even at high peak powers and wideband exposures 
of MWs, no evidence was observed of differences 
between cW and PW (sherry, 1995). 

EMF and Peripheral Nerves: Biological stimulation of 
nerve by electromagnetic fields can greatly modify the 
functions of  nervous tissue. It accelerate the regenerative 
capacity of the tissue. The Peripheral nervous scheme 
consist of sensory neurons and motor, the neurons are 
composed of cell bodies in the spinal cord and axons. The 
axons are the sensory argons, grouped together in a set 
of spatially sensory bundles called fascicles. A groups of 
fascicles are enclosed within a peripheral nerve encircling 
a connective tissue layer called epineurium. The internal 
epineurium separates fascicles, while external epineurium 
surrounds all the fascicles in the nerve. The epineurium is 
sutured in nerve repair and nerve grafting and contributes 
about half of the total cross sectional area of a peripheral 
nerve. Exterior of this layer consists the mesoneurium, 
providing the blood supply to the nerve. A fine but 
fragile network of capillaries exists at the endoneurial 
level which can be easily disrupted due to tension or 
trauma at the nerve repair (sunderland, 1948; Flores, 
2000; siemionow, 2009;). The Pulsed electromagnetic 
field (PEMF) is widely used as a non-invasive procedure  
and efficacious treatment  for resuscitation of peripheral 
nerve, it has been proved to be  promoting extension 
of neurites  in vitro. Thus  it can be taken into account 
as a novel pretreatment modality for crush injury cases. 
numerous  studies have been carried out by various 
research groups on the electromagnetic effects on the 
peripheral nerve mechanism and functionality. This 
literature review is a brief outlines within the context  of 
certain  published writings of correlated studies.

A study done by nari seo and et al. to assess the effects 
of the Pulsed EMF on mesenchymal stem cells (Msc) 
multiplication and on nerve resuscitation. Result of 

pre-therapy  with Pulsed EMF showed an increase in 
cell multiplication process along with increasing in 
glial fibrillary acidic protein expression. Additionally, 
it was found to promote the release of growth factors 
like ngE and BdnF  were observed. In addition to this 
histological investigation showed an increase in total 
of axon number and density, suggesting an axonal 
regeneration (seo, 2018). Boise et-al applied pulse EMF 
stimulation on human bone marrow Msc cultured on 
a substrate of nano-structured Tio2  to study the effect 
of surface nano-topography with exposure of low-
frequency Pulse EMF on cells differentiation, with a 
special focus on behavior of ca2+ related cell metabolism. 
It is reported that the osteogenic differentiation of hBM-
Mscs occurs in complex manner, it is not the simple 
sum of each isolated effect. surface nanostructure, oM 
treatment and PEMF stimulation have been confirmed 
to alter cellular calcium homoeostasis, the overall effect 
of an integrated treatment is strongly non-summative  
(Aubin, 2001; Bloise, 2018; unal, 2018, Ross 2019).

A second study by Jensen and et al applied Bipolar 
electromagnetic pulsing stimulation applied to the 
brain  (T-PEMF) therapy to improve function of fine 
motor skills of Parkinson’s disease patient, reduced 
muscle rigidity, lower muscle spasms and tingle, and 
less tiredness through the time of T-PEMF therapy. They 
reported  improvement in fine motor skills functioning, 
and acknowledged T-PEMF therapeutic as a potential 
long-term therapy (Jensen, 2018). The study of pulse 
EMF on microcirculation and angiogenesis by Pan y 
et-al using a model of acute hind limb ischemia in 
diabetic rats showed that the pulse EMF has increased 
the acute hind limb ischemia-related perfusion and 
angiogenesis, which is associated with up-regulating 
FgF-2 expression and activating the ERK1/2 pathway 
in diabetic rats. It concluded the pulse EMF might be 
important for the treatment of diabetic patients with 
ischemic injury (Pan, 2013; Ross 2019). Wei-hong hei., 
et al. (hei, 2016) conducted a study on immortalized 
schwann cells derived from rat to assess the effects of 
exposure frequency of pulse EMF on neuro regeneration. 
The study concluded that the irradiation of 50 hz EMF in 
pulse mode for 1 hour led to enhancement of peripheral 
nerve resuscitation. This enhancement has attributed 
to schwann cell multiplication along with increase of 
expression rate in s100 gene in neurotrophic factors level 
(hei, 2016). studies demonstrated that the exposure of 
pulse EMF has increased iscs mRnA expression of s100 
and brain-derived neurotrophic factor (BdnF). 

Further studies showed that pulse EMF exposure 
improved BdnF expression in vivo both in dorsal root 
gangion (dRg) and nerve segment. EMF increased in 
vitro and in vivo angiogenesis via endothelial release 
of FgF-2. It is reported that the Pulsed EMF enhances 
BdnF expression through l-type voltage-gated ca2+ 
channel-and Erk-dependent signal pathways in rats 
dorsal root ganglion neurons (Kim, 2014; Tepper, 2004; 
li, 2014). Furthermore investigation carried out by 
Kolosova to evaluate the recovery characteristics of soft 
electromagnetism currents in nerve injury by using the 
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popular model rat sciatic nerve. These study have shown 
that electromagnetism currents had an impetus effects 
on recovery performance of operated rats (Kolosova, 
1996; lin, 2020). 

In contrast, Michael Kelleher and his group carried 
a study on adult sheep to illustrate  the impacts of 
introducing stable magnetized domain on sensory nerves  
medicament after  nerve injury to these nerves and repair. 
The study  concluded  introduction to  fixed  magnetized 
domains make no improvement move of peripheral 
nerves (Kelleher, (2006; grinsell 2014). Behavioral studies 
on EMFs reported no significant effects on cochlear and 
brainstem auditory operation, these study revealed cross  
result on involuntary and elicit brain electrical action. 
The conflicting conclusion could be false positive for 
different evaluations and thus appropriate study design 
and data analysis considering various comparisons and 
effect size are needed to minimize controversy in this 
important area of research (Kwon, 2011; Joan 2019).

A research conducted to determine  the thermal marks 
concerning electromagnetic radiation emitted  from 
mobiles  of  the seventh cranial nerve (cn vII) and 
surrounding  soft-tissue. The study concluded that The 

electromagnetic radiation arising out of mobiles could 
be a matter for unstable disorders  of cranial nerve vII 
through heat erratic increasing on the framing soft-
tissue  of the cn vII (Acar,2009). Results of recent studies 
have been achieved to identify the preliminary effects 
of the Electromagnetic Fields on Peripheral nerve and 
its functions, previous studies have yielded inconsistent 
findings. Most of the previous research  have shown 
that EM pulsing has the potential to be recommended as 
an appropriate and effectual therapeutic for peripheral 
nerve cure in clinical applications. some studies did not 
show any recovery pattern for electromagnetic pulsing 
in peripheral nerve injure. Furthermore, it is essential 
rating lowest frequencies of magnetized fields proved to 
be efficient for injured nerve recovery. Moreover studies 
should consist of morphological and ultra structural 
properties by  the molecular techniques to determine  
the exact effects (lei, 2013; Terzi, 2016).

Regeneration of nerve: non-ionizing EMF are being used 
for regeneration of nerves. some studies have used the 
crushed sciatic nerve in rat are used as model to study  the 
functional, biochemical and morphological properties. 
An improvement in the regeneration was observed after 
exposure of lFMF sinusoidal waves of magnetic flux 
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Figure 3. Mechanism of action for the intellectual effect of long exposure  period to EMF in 
standard and AD Tg mice (Arendash 2012)
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densities of about 0.5 mT (Rusovan,1991; Rusovan, 1992; 
Bervar, 2005). A rotating magnetic field using helm-holtz 
coils has been used to delivered variable magnetic flux 
densities on the animals, depending on the position of 
exposure coils. various flux densities, all at frequency 
40 hz, have been used in the study, and the highest 
interval (150–300 µT) showed the largest improvement 
to regeneration compared to control condition. An 
Improved regeneration of the muscle and nerve in mice 
due to crush injury of the upper part of thigh (Pulse 
EMF about 50 hz) has been reported. A positive effects 
on hemi-sectioned spinal cord in rats due to sinusoidal 
50 hz wave of magnetic flux 17.96 µT have also been 
observed (suszyński, 2014; das, 2012; stölting, 2016). 
survey of literature reveals studies considering the effect 
of Pulse EMF on spinal cord regeneration was covering 
both in vivo as well as in vitro studies. It observed that 
the regenerative effect depends on the signal that have 
used initially reduce inflammation, then  regeneration 
proceed. These positive effects are reported with Pulse 
EMF at frequencies under 100 hz and flux densities below 
5 mT (Ross, 2017).

literature  reveals the Pulse EMF promote peripheral 
nerve regeneration to an degree comparable to that 
with hormones, conditioning lesions, and growth 
factors. Exposure of pulsed EMF prior to treatment 
on crush injury has resulted in acceleration of axonal 
regrowth, and was in consistent with a spur of 
regenerative neurite outgrowth increased outcomes like 
walking behavior, promotes neutrite growth invitro 
(greenebaum, 2007; Baptisa, 2008; Walker 1994). But 
in some studies it has been observed that prolonged 
Pulse EMF treatment resulted to delayed histological 
peripheral nerve regeneration and increased oxidative 
stress but no loss of function recovery (Baptisa, 2009; 
Zang, 2019). These contradictory results could be due to 
procedural differences. A study by Minoo shadel et-al 
reveals the exposure of pulse EMF on the whole body 
of wistar rats could speed up functional recovery after 
nerve allografting in sciatic nerve (de lahunta, 2009; 
Minoo, 2017; Alvites, 2018). This may have clinical 
implications for the surgical management of patients 
after nerve transection. In this study rats were divided 
in to normal, allograft, and PEMF treated group. In the 
allograft group the left sciatic nerve was exposed through 
a gluteal muscle, while for PEMF group the whole body 
was exposed to pulse EMF of 0.3 mT and frequency of 
2hz for 4h/day within 1-5 days (Khan, 2014; Faroni, 
2015; lin, 2020). 

CONCLUSIONS & RECOMMENDATIONS

EM waves exists anywhere in the environment around 
us. due to the use of household appliances and outdoor 
electromagnet paths and towers that induce non-ionizing 
pulsating electromagnetic field has increased markedly 
all over the world. The electromagnetic field has more 
negative effects on the living things, but can also be 
used in regenerating the nerve. Peripheral nerve injury 
occurs due to nerve crushing and  are the most common 
lesions within the nerve injury. It could represent the limit 

between the lesions inclined to spontaneous regeneration 
and those that require essential surgical intervention for 
regeneration to occur. Peripheral nerve crush lesions 
generally occur linked with compressive forces and 
fractures and could affect the neighboring tissues, leading 
to a difficult conditions.  The important factor for nerve 
regeneration in is the concern of exuberant inflammatory 
reactions, the adhesions of the nerve with surrounding 
tissues, occurrences of axonal misdirecting and failures 
in demyelization. Pulsed EMF and used in regeneration 
of nerve. There are some positive sides of these pulses. 
studies shows that the pulsed EMF have successfully used 
in authentic clinical scopes to improve the regeneration 
performances and to supply sustainable health conditions 
of  peripheral nerves. 

Many of the preceding research  have shown that EM 
pulsing has the potential to be recommended as an 
appropriate and effectual therapeutic for peripheral 
nerve cure in clinical applications. on the contrary, 
some studies did not display any recovery pattern for 
electromagnetic pulsing in peripheral nerve injure. 
Thus, a proper investigation design and appropriate 
data interpretation are Key factors that determine the 
exact  effects of these therapy approach. Furthermore, 
it is essential rating lowest frequencies of magnetized 
fields efficient for injured nerve recovery. Moreover 
studies should consist of morphological and ultra 
structural properties by  the molecular techniques to 
determine  the exact effects. All previous data suggest 
further research are highly required to judge  the role and 
function of pulse and continuous EMF in therapeutics 
in clinical scopes. clinical application of low frequency 
Electromagnetic fields are emerging multidisciplinary 
field.  Tissue engineering is the process of developing 
methods that associated with nerve regeneration  by 
applications of EMFs. The peripheral nerve regeneration 
involves basic  science research inorder to address the  
issues such as nerve growth factor of selected nerve, 
release kinetics related to regeneration etc. 
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