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*p<0.05 Total ECM production in fg/(ccllxs;:;nfi';)ld) Signa]ing pathway Rok of PEMF stimuktion
Control culture | Electromagnetic culture | Electromagnetic/Control | (Ca2* Activate
Osteocalcin 1.2320.12 2.300.22 1.87-fold* Wnt/B-catenin Activate
Osteopontin 6. IA220.53 9.60+0.75 1.56-fold* B MAPK Activate
Type-I collagen 29.00+6.21 48.76:7.56 1.68-fold* FGF Activate
: Type-11I collagen 7‘501().957 7 9.10£0.58 l.2i-fold‘ VEGF Activate
Decorin 3.330.91 3.20£1.12 0.96-fold TGF-B/BMP Activate
Alkaline phosphatase |~ 3.18+0.23 3.1420.48 0.99-fold IGF Activate
Human fibronectin 3.30:0.38 5.700.46 1.72-fold* Notch Activate
[ Oseonectin 1.53+0.45 3.10£0.69 2.03-fold* cAMP/PKA Activate
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BEFORE TREATMENT:
Immune function is activated to produce

Legend:
PEMF ~ pulsed electromagnetic field
VEGF - vascular endothelial growth factor

T-cell = CD&+ T-cell
@ L1b - interleukin 1b
. IL-4 ~ interleukin 4
@ L6~ Interleukin 6
@ 1110~ interleukin 10

Cartilage/bone regeneration ® e —

AFTER PEMF TREATMENT:
Immune function is brought back to homeostasis

TGF-81 - transforming Growth Factor Beta 1

B
Legend:
PEMF - pulsed electromagnetic field
VEGF = vascular endothelial growth factor
TGF-B1 - transforming Growth Factor Beta 1
T-cell = CD&+ T-cell
@ 'L1b - interleukin 1b
Q@ IL-4 =~ interlevkin &
[+ IL-6 = interleukin 6
@ 1110~ interleukin 10
Cartilage/bone regeneration > Kook
Tl St b g Gl SlacnlS sale Oy g (ol (bliay 2 Ol 36 Y S
S 4 bl lp e ol Gladsle 5 ol 5 b Slaasl g (5l 53 Gl slas 8
el sl ans 53 5y ol S e ol oo Sas S5
SIEMF 5 e cilisee gla (5550 o8 5l eslinad 5 (s3L 5 S Gl b s a5 el eals OLES s s
ol olalis peae e s b g e S5 5L Ll 1 Ole o sl & Lo Sls g Sl 5 W 0 5eST L, ol bikes
e 3 ok S5 o EMF ledis) ol 51 (& 215 03558 o bl 5 1S Ol ST Il 53 0355 0

Alborz Univ Med J (AUMJ) 2021 April; 10(2):51-63
http://aums.abzums.ac.ir


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

ooy Glops 5 Bl (K 0 penblisog ST s cl00,, U0 (S50 0A

0SU =25 s S JUE (S Sy st 4 edas s
e Gk 3 Jes il s ol o A,
Pl 81 ol S s ol lasl s e blite s S
Ol Gy ol esdle il g Sliasl e 5 il
has oo IBL S e e 53 L 0 Ol bt
555 3 o5 p e Sl s e Ol (Rl ol (e
b B s S emae SUN LS, 5 Al e 350 )
S sl b S0 0 A8 e el etes 8 5k 4
O Slasl bl » (emeblitn Ole S5 5 Shas
b 8 3 LPEMF a8 sl o sdalie T il o 3l
Loy sl 8B Ol s |y b BMSC eas 5l Ll e
ol S8 LPEME U ileys i ol by S W1 ae
leos dske s Sl il gl eSSl Sy, S
e;)gﬁujwf'w\s&wﬂwiﬁjdlﬁ
Ole o, 5o 5 YL Ll cble 0 ae

.rCM.u\ ol sdalie ML&A}J&&“

bl Csl oS ebline Olis Oloys. ol Jgams Oloys
358 o 5 B o3l O 51 26 Sl e Ol
e S P s oo B Os0 DA e s Ll S
S0 (UNS) Sy e SO oo ol iy ol
S 2s (ITMS) dezmezr 31 0 liS e (GOS0 i lias
5 (PEMF) b wblie s 5SU1 Oldse « (DBS) sk e
Az (LF MF) (b S8 5 b s publiie Ol
ol Jixe VNS L Oad Ole s EaaPE f)"’“‘ sla s
Gl Yor0 e s L FDA sl i, opl Geomed ool
05,5 by OVLS 55 s Olays « ¢ slie S 3 el azellae
blae sls Olis 5l ez 31 (5, 5.6 PEMF sDBS .ol
o bl dezmer 5 s gl LS bug S g5 g8
o3l 4l I SKaSS gs cpl o S e ealitad 5
e 3 b B gladlae sl el oS el sl 3
O S r el | e sl S 050 e S
Aoy il gl Oloys s roman EMF s gla

G pablan 5 S SIS s Ss e elal el

o

Magnetic stimulation I

lon transfer [

Growth factors secretion

| ‘ Protein synthesis

| Nerve regeneration |

Molacl g3lasb p omabline lase SG o 5 Shae 15 g 5l -F S

Lok, 5 &S o Jes sre o) 9310 psbliae s I

Gl ebliaes S Gl roeen

FIGA) iV ojlodsi) e 05061 Fee fliwoj o] Sy pole oliils igfy sole 4y pii


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

AR OhlSen 5 o damo ol

100 550> 53 LS ol )l Sl slad shw (gl e
Tams g 0L 1) Olee ol ol s Shas 55 4 5 o
W e 5 S0 b gime pi oS gla o 51 s (S
Sedss f5 S gl 4 s oSl 5 ol s
Sl 5 Gl et ¢l Wl Ol Gl
fﬂ“sc"“‘ oals OLES P 080 e el l.aj:_w%ﬁlf
Olis &S aiS o Cule> UBT (sla Jube 355 5l la a8 5
WMF & by e S5 blos 5l eslizal gl blasl oduss

3 e b e Ol 4 Y Objlew 53
55bT 5 UBT s sl aiy 28lS e b3S SPEMF
Sleos Ll leds, anw s oy Ll o a5 ol ol Lo
S andles 5 gl Codbge dalys ol s L
wols SLEMF 5 (L SO sl sbe 51 eslanad b Ol
03 53 I3 el bl s SU1 Olis M5l 54 5 kHZ
Oliny Oy (g e 31 il O, C\j;\
5 A5, cale codaalli g Olass cas c giS sl
sl oslinal 0 s 5 ARGLT Ll s 55 S5 eny)
S bl 5 S Ol 31 eslizad b asdllan opdsl el
3550 Sl el UL 5 JoLoL e s Sless
FoaskS WE B e 5l e b gles )8 cgr eslind
O & Shles b ey Bl es (S
ol 2ol Lles S il s Sleys Gl bl 2SI
© ks slex Oloys o Hlen YA 515 il e S5 518
sld Ui 4, glajlinlie b dis s Ol ) Jle ¥ S
0 ¢ (o Ko 4 SSlalis b Lashige) obe Ve (g s b8
odnall 5 Ol p) olo b 5 (S 58 U5k 1 4, Ol o) oo
Sb el s s (ed Sl gAS (slaslialis . g L
O 6 ke ol VUSE 3 Bl b
O skl 55T 558 5 60 B8 pmgblitas S
e 02 525 I3 s S S prames el e 0ol
Loyl s, 58 Sl s 3 08 550 b pbline s 2S00 sl

Alborz Univ Med J (AUMJ) 2021 April; 10(2):51-63
http://aums.abzums.ac.ir

(TMS) dazmaz 3l oS e pmbline S o S o U
b b oS ool pan g o S ln A Olpe
o o b S sl e R L s 038
g5 o AU on B 2 o Gl s sl sl
Slam w505 50 G Dluls  peblans Sl Ol )
o hate b e 5 S e Oljes &S Sl 313 OLES ol e g
el 4Bl FASTMS 5 e 3 53,5 513 Ll 51 g
iy Ll e bl S Ol S eslizad ol by
45 6 olasl gt Glace] s S il
ol 0313 OLES Gl ply (S8 e o TSl e 03
23 s 5 Olial G lad (Gla s o (S5l 4liS &S
sdalive obliie s 531 Ol 5 (o5biy ol 6,8 513
2 e 0 bl iU S o0 e Tl
ails T L byl 53 il Olpe a4 AU alae e

\"i..\
BRI

O Oloys 55 pembliin g xSl Ol slas 5,
g 9 ol b liaey 2SI Ol

Lol o gl s S8 & Ol () W5 00 IS 55k &
Oldes oz ool gl s 0 (S0 0Lz s
S AL L L ey e Do 4 Ll e g S
O o s 5 e Ol Sled 5 5 Ul A 55 6 g
o ol i 1T T s el 0l 0 S s
Ol 0303 5wl by bl s iUl Ol @0 b s e
Ol onl 5ls (6 i Dlalllas 4 o s (pcbliie s 2SI
5 PEMF) oS Ly (355 L ol oblins 5S1 (sls
Sl ol (SEMF) o yres smbliins xSl sla Olie
sl ol 5 Bl 5550 e« ses o sy
s Olge 4 sl a8 55,0 Eel 5 0 Sl 55
315 63l Dl ol Sl sla ey 4 68 b
5Ll 5 55,85 A §samms Ol Je Ol i 4 sl 0
S P Clesg dons TN sid e glad sl


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

ooy Glops 5 Bl (K 0 penblisog ST s cl00,, U0 (S50 7

.“J}.\i@ (w)]

0Lz Jol> s 5l (qumabliko i1 o ddgi 0928 (oudly (quwgims (ouunblido 95380l Glise diuigy (ougionmw ok Ui 9 58Ul Gl

< U

TN by ot g 5 ot g On Slad 55 5 Olds A 55 0 4= 0SS

I Electromagnetic fields

|

Apoptosis
Cell cyclc arrest or Proliferation

T o Sl s LT 5 5 S B bl 7S Dl 3 e elSe

Ol cizman N dites Swlis (S350 00 oo )8 (s
ol S ol ()l Olgie 5 Ll 5 o bl 5 2SI
53 3,8 15 el 5y 50 Sl e sladshu 53 5ols Auedia
Ol b ehion blita 03350 5,05 dlSe v IS
BLE ol dadda Lila, 5 be g els 53 eebliae xS
S50 5 Vo andllas Sl e el el el
) 45 bt 3 56 S 5l 0L a, Sl e slad sl
22 RBS LIB S s dres e Cpen e D3 L
— it sk (Rl 3l o 2 4 bl Sl Dlke

.i\‘ ’w.,\b;

bl g 301 Ol b of op b it 133 636 3 5,18
el (el S35 5 esbind gy p bl st s
D3 5 4 S e WS Ol Ol Cou &S
Sl cd blze shls e iula gl mbliae O3
05,8 fff Ol 38 Ll sylge cpl a4 Ol e
5 s Bl 4 ol Bl Jo s (glgsl ol J 28
Sl Obyen eslaal O 5 g - S Aw
Slesmlbe Gl ad) U8 @ DS 5 i Slonl
5 Fes0s gl Ol 5l a8 tizes ool ST I3 (b line
SLl S ablite L psw sl s 4 y-Fez2 O3

GBSl s 5 Do e bl s o

FIGA) iV ojlodsi) e 05061 Fee fliwoj o] Sy pole oliils igfy sole 4y pii


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

4 u’b/xa.m;‘;x/b.\wadﬂo

blito 9 5 (ylao 53 9,10 fula,

T gl dedaa a5 La s sale s edbline s oSl Ols ol e bl 053 50 308 sl Y IS

S s
A sl b Gy S Olse 4 peblan SIS o
$lo3b sladasl 055 S 5 sl S pgu (s 20y J 28
OISl 3 35 4 IS Sl (ol Oleys 5 350 g
Bl o Sl od S bl 055 5 Gk 5 (e Dl
Sopa gl s el (San dpel 6508 @
2 oip S g e sl psl 5 B s Olesas
o2litel JS sk imen 35 0250 Ol 4 (S ol
Shablze @lils Ol Oleys 5o pwibliaey K1 Ols 5|
5 S Gl Conn pde (il ozl e
Sl sl sledgy sl L CS g Ol 5 Sl
08 iaed 5 ebliis Sl Ul eslizal pmen
slagsl Ol S5 Ol s ebliny S Ol

el 03,8 sl ae sl s 1 (Gl

References

1. Rodriguez-Sanz D, Losa-Iglesias ME, Bengoa-Vallejo

RBd, Palomo-Lopez P, Calvo-Lobo C, Lopez-Lopez D.
How is cell proprioception related to cell growth and
differentiation? Strong scientific evidence for future
clinical activities. Revista da Associacdo Médica

Alborz Univ Med J (AUMJ) 2021 April; 10(2):51-63
http://aums.abzums.ac.ir

bliha 5 S Sl S 5 0y
bl 51 s 5 onlizal s s 0L Slelllan oo
8 o Gl b s ol sl bS5
Ol a8 sl ol esls OLaS Jle Olge a4 .ol Oboys
sl e Sl sladshe Caslin rblin s S
sl e slag)ls S LK men .“.\.AJL;A oals
boalie ol ol e spe Y61°C B L nll L
5 ST Glaes S sl &S alagsls 3,50 3 o sas
SRl L L ls ol S e B dten S (e jue
DL s g |y el 3 e 455 £7 CBTY Sl L
s ol jon ounbline 153 65U 51 Ole jn eslazal L das o
aSle LB 5k | Olss ablS L8 e eblina s Sl

D s o=l !

Brasileira. 2018;64(11):990-6.

2. Saliev T, Mustapova Z, Kulsharova G, Bulanin D,

Mikhalovsky S. Therapeutic potential of electromagnetic
fields for tissue engineering and wound healing. Cell


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

ooy Glops 5 Bl (K 0 penblisog ST s cl00,, U0 (S50 7Y

proliferation. 2014;47(6):485-93.

. Haghighat N, Abdolmaleki P, Behmanesh M, Parnian J.

Effect of Electromagnetic Field and Nitric Oxide on the
Neural Differentiation Proteins Marker and Viability of
the Rat Bone Marrow Mesenchymal Stem Cells. Modares

Journal of Biotechnology. 2018;9(3):459-64.

Rando TA ,Ambrosio F. Regenerative rehabilitation:

applied biophysics meets stem cell therapeutics. Cell stem
cell. 2018;22(3):306-9.

Baheiraei N, Yeganeh H, Ai J, Gharibi R, Azami M,

Faghihi F. Synthesis, characterization and antioxidant
activity of a novel electroactive and biodegradable
polyurethane for cardiac tissue engineering application.

Materials Science and Engineering: C. 2014;44:24-37.

. Ai J, Kiasat-Dolatabadi A, Ebrahimi-Barough S, Ai A,

Lotfibakhshaiesh N, Norouzi-Javidan A, et al. Polymeric
scaffolds in neural tissue engineering: a review. Archives

of Neuroscience. 2014;1(1):15-20.

. Tavakol S, Mousavi SMM, Tavakol B, Hoveizi E, Ai J,

Sorkhabadi SMR. Mechano-transduction signals derived
from self-assembling peptide nanofibers containing long
motif of laminin influence neurogenesis in in-vitro and in-

vivo. Molecular neurobiology. 2017;54(4):2483-96.

SSoI e e ‘)Uojm )‘Jé.l,h OLA)J S e)l.g__: Y Lb).)w A

Lquaj_w uLd)b Al J‘) 5 JJ})LL:) ,e‘ J\J“.s ,r ng.?} "’fu}ﬂ
A0 50 (ol anen 55 o5 sl ol bl 56 5l eslizd

10.

11.

12.

Bayat N, Ebrahimi-Barough S, Norouzi-Javidan A, Saberi

H, Tajerian R, Ardakan MMM, et al. Apoptotic effect of
atorvastatin in glioblastoma spheroids tumor cultured in
fibrin  gel. Biomedicine &  Pharmacotherapy.

2016;84:1959-66.

Baharara J, Zahedifar Z. The effect of low-frequency

electromagnetic fields on some biological activities of
animals. Journal of Arak University of Medical Sciences.

2012;15(7):80-93.

Raposio E, Bertozzi N, Simonacci F, Grieco MP.

Therapeutic effects of a pulsed electromagnetic device in
chronic cutaneous ulcers of the lower limbs. Wound

Medicine. 2018;20:18-20.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Aldebs Al. Coupling of Mechanical and Electromagnetic

Fields Stimulation for Bone Tissue Engineering [MSc
Thesis] :Wright State University; 2018.

Mirzaei A, Saburi E, Enderami SE, Barati Bagherabad M,

Enderami SE, Chokami M, et al. Synergistic effects of
polyaniline and pulsed electromagnetic field to stem cells
osteogenic differentiation on polyvinylidene fluoride
scaffold.  Artificial  cells, nanomedicine, and

biotechnology. 2019;47(1):3058-66.

Jazayeri M, Shokrgozar MA, Haghighipour N, Bolouri B,

Mirahmadi F, Farokhi M. Effects of electromagnetic
stimulation on gene expression of mesenchymal stem cells
and repair of bone lesions. Cell Journal (Yakhteh).

2017;19(1):34.

Suryani L, Too JH, Hassanbhai AM, Wen F, Lin DJ, Yu

N, et al. Effects of Electromagnetic Field on Proliferation,
Differentiation, and Mineralization of MC3T3 Cells.

Tissue Engineering Part C: Methods. 2019;25(2):114-25.

Yuan J, Xin F, Jiang W. Underlying signaling pathways

and therapeutic applications of pulsed electromagnetic
fields in bone repair. Cellular Physiology and

Biochemistry. 2018;46(4):1581-94.

Fassina L, Saino E, Visai L, Schelfhout J, Dierick M, Van

Hoorebeke L, et al. Electromagnetic stimulation to
optimize the bone regeneration capacity of gelatin-based
cryogels. International journal of immunopathology and

pharmacology. 2012;25(1):165-74.

Galli C, Pedrazzi G, Guizzardi S. The cellular effects of

Pulsed Electromagnetic Fields on osteoblasts: A review.
Bioelectromagnetics. 2019;40(4):211-33.

lwasa K, Reddi AH. Pulsed electromagnetic fields and

tissue engineering of the joints. Tissue Engineering Part B:
Reviews. 2018;24(2):144-54.

Ongaro A. Biophysical Stimulation with Pulsed

Electromagnetic Fields as Innovative Approach for
Functional Tissue Engineering of Cartilage. Stem Cell

Res. 2016;2(1):1004.

Chen C-H, Lin Y-S, Fu Y-C, Wang C-K, Wu S-C, Wang

G-J ,etal. Electromagnetic fields enhance chondrogenesis

FIGA) iV ojlodsi) e 05061 Fee fliwoj o] Sy pole oliils igfy sole 4y pii


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

Y

23.

24.

25.

26.

27.

28.

29.

30

31.

u‘é[i«bj‘;zfla oo olilo

of human adipose-derived stem cells in a chondrogenic
microenvironmentin vitro. Journal of Applied Physiology.

2012;114(5):647-55.

Parate D, Franco-Obregon A, Frohlich J, Beyer C, Abbas
AA, Kamarul T, et al. Enhancement of mesenchymal stem
cell chondrogenesis with short-term low intensity pulsed
electromagnetic fields. Scientific reports. 2017;7(1):9421.

Kavand H, van Lintel H, Renaud P. Efficacy of pulsed

electromagnetic fields and electromagnetic fields tuned to
the ion cyclotron resonance frequency of Ca2+ on
chondrogenicdifferentiation. Journal of tissue engineering

and regenerative medicine. 2019;13(5):799-811.

Mattsson M-O, Simké M. Emerging medical applications

based on non-ionizing electromagnetic fields from 0 Hz to
10 THz. Medical Devices (Auckland, NZ). 2019;12:347.

Ross CL, Ang DC, Almeida-Porada G. Targeting

Mesenchymal Stromal Cells/Pericytes (MSCs) With
Pulsed Electromagnetic Field (PEMF) Has the Potential to
Treat Rheumatoid Arthritis. Frontiers in immunology.

2019;10.

Marmotti A, Peretti GM, Mattia S, Mangiavini L, de

Girolamo L, Vigano M, et al. Pulsed electromagnetic
fields improve tenogenic commitment of umbilical cord-
derived mesenchymal stem cells: a potential strategy for
tendon repair—an in vitro study. Stem cells international.

2018;2018.

Zhu R, Sun Z, Li C, Ramakrishna S, Chiu K, He L.

Electrical stimulation affects neural stem cell fate and
function in vitro. Experimental neurology. 2019:112963.

Qian Y, Cheng Y, Cai J, Zhao X, Ouyang Y, Yuan W-E,

et al. Advances in electrical and magnetic stimulation on
nerve regeneration. Regenerative medicine.

2019;14(10):969-79.

.Seo N, Lee S-H, Ju KW, Woo J, Kim B, Kim S, etal. Low-

frequency pulsed electromagnetic field pretreated bone
marrow-derived mesenchymal stem cells promote the
regeneration of crush-injured rat mental nerve. Neural

regeneration research. 2018;13(1):145.

Cui M, Ge H, Zhao H, Zou Y, Chen Y, Feng H.

Electromagnetic fields for the regulation of neural stem

Alborz Univ Med J (AUMJ) 2021 April; 10(2):51-63
http://aums.abzums.ac.ir

32.

33.

34.

35.

36.

37.

38.

39.

cells. Stem cells international. 2017;2017.

Lu X, Bao X, Li J, Zhang G, Guan J, Gao Y, et al. High-

frequency repetitive transcranial magnetic stimulation for
treating moderate traumatic brain injury in rats: a pilot
study. Experimental and therapeutic medicine.

2017;13(5):2247-54.

Leone L, PoddaMV, Grassi C. Impact of electromagnetic
fields on stem cells: common mechanisms at the crossroad
between adult neurogenesis and osteogenesis. Frontiers in
cellular neuroscience. 2.4:YYA; + Y0

StOlting MN, Arnold AS, Haralampieva D, Handschin C,
Sulser T, Eberli D. Magnetic stimulation supports muscle
and nerve regeneration after trauma in mice. Muscle &
nerve. 2016;53(4):598-607.

WangJ, AnY, LiF, LiD,JingD, Guo T, etal. The effects
of pulsed electromagnetic field on the functions of
osteoblasts on implant surfaces with different
topographies. Acta biomaterialia. 2014;10(2):975-85.

Gramowski-Voss A, Schwertle H-J, Pielka A-M, Schultz

L, Steder A, Juegelt K, et al .Enhancement of cortical

network activity in vitro and promotion of GABAergic
neurogenesis by stimulation with an electromagnetic field
with a 150 MHz carrier wave pulsed with an alternating 10
and 16 Hz modulation. Frontiers in neurology.

2015;6:158.

Berg H, GUnther B, Hilger I, Radeva M, Traitcheva N,
Wollweber L. Bioelectromagnetic field effects on cancer
cells and mice tumors. Electromagnetic biology and
medicine. 2010;29(4):132-43.

Akbarnejad Z, Eskandary H, Vergallo C, Nematollahi-
Mahani SN ,Dini L, Darvishzadeh-Mahani F, et al. Effects

of extremely low-frequency pulsed electromagnetic fields
(ELF-PEMFs)  on  glioblastoma  cells  (U87).
Electromagnetic biology and medicine. 2017;36(3):238-

47.

Shckorbatov Y, editor The Application of Pulsed Electric

Fields and Other Types of Electromagnetic Radiation in
Therapy of Cancer. 2018 9th International Conference on
Ultrawideband and  Ultrashort  Impulse  Signals

(UWBUSIS); 2018: IEEE.


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

[ DOI: 10.29252/aums.10.2.173 ]

40.

41.

ooy Glops 5 Bl (K 0 penblisog ST s cl00,, U0 (S50 #¥

Vadala M, Morales-Medina JC, Vallelunga A, Palmieri B,

Laurino C lannitti T. Mechanisms and therapeutic

effectiveness of pulsed electromagnetic field therapy in
oncology. Cancer medicine. 2016;5(11):3128-39.

Storch K, Dickreuter E, Artati A, Adamski J, Cordes N.

BEMER electromagnetic field therapy reduces cancer cell
radioresistance by enhanced ROS formation and induced

DNA damage. PloS one. 2016;11(12):e0167931.

42. Kumar CS, Mohammad F. Magnetic nanomaterials for

hyperthermia-based therapy and controlled drug delivery.
Advanced drug delivery reviews. 2011;63.VAA-A+A:(4)

43.Revia RA, Zhang M. Magnetite nanoparticles for cancer

diagnosis, treatment, and treatment monitoring: recent
advances. Materials Today. 2016;19(3):157-68.

FIGA) iV ojlodsi) e 05061 Fee fliwoj o] Sy pole oliils igfy sole 4y pii


http://dx.doi.org/10.29252/aums.10.2.173
https://aums.abzums.ac.ir/article-1-1332-en.html

[ Downloaded from aums.abzums.ac.ir on 2026-01-29 |

AUMJ Alborz University of Medical Sciences Journal, April 2021, Vol. 10, No. 2: 51-63

o2 University of MedicalSiences

Maedeh Mohammad Salehit,
Ahmad Reza Farmani? 3,
Jafar Ai%*

L Pharmaceutical Chemistry
Department, Pharmaceutical
Science Branch Islamic Azad
University, Tehran, Iran.

Tissue Engineering and
Applied Cell Sciences

~

Department-School of
Advanced Technologies
in Medicine, Tehran

University of Medical
Sciences, Tehran, Iran.
Tissue Engineering
Department-School of
Advanced Technologies in
Medicine, Fasa University of
Medical Sciences, Fasa, Iran.

w

*Corresponding  Author:
Prof. Jafar Ai

Professor of Tissue
Engineering and Applied
Cell Sciences Department-
School of Advanced
Technologies in Medicine,
Tehran University of
Medical Sciences, Tehran,
Iran

Tel: 2143052000
E-mail: iafar ai@tums.ac.ir

Case Report

A review of the applications of the electromagnetic field
in regenerative medicine and cancer treatment

Received: ; Accepted

Abstract

The term "electromagnetic fields" (EMF) is a combination of electric and magnetic fields
as a diagnostic method as well as a therapeutic tool with many advantages such as ease of
operation and painlessness, very controllable, which today has found wide application in
regenerative medicine and also cancer treatment.

In addition to organs such as nerves, hearts, and bones that have an electrical function, the
presence of electrically charged particles inside the cells creates an internal electromagnetic
field. This field can be affected by the external electromagnetic field and cause therapeutic
effects. Its therapeutic effects relate to the applications of the electromagnetic field as a
stimulus to induce various biological effects on cells, such as altering cell proliferation,
differentiation, cell cycle, apoptosis, DNA proliferation, cytokine expression, and more.
Also, combination therapy by the electromagnetic field, along with other physical therapies
such as radiotherapy and even systemic therapy such as chemotherapy, are the most
important approaches to using the electromagnetic field in the treatment of cancer.
Subsequently, Electromagnetic fields can lead to the proliferation and differentiation of
stem cells and the modulation of the immune system, which plays an important role in the
treatment of inflammatory disease and regenerative medicine treatments. Also, this field
can create new horizons in cancer treatment due to its many advantages such as being a
non-invasive, selective function, and ease of using and as well as affordability.

Keywords: Electromagnetic Field, Regenerative Medicine, Stem Cells, Cancer Treatment,
Biophysical Stimulation.
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