3]

PRz 2021455 1 S50 % 455 I - EZEmW

Rk EEXTRIBT FRIERANGBMRER

M ' E RS (osteoarthritis, OA) J&—Ff LA SE 17 Dy BERR TG D9 - AE 9 W W BOR MU o F BT OA By %2 9 L] 1 A B At , i
PREIGRTT OA W5 L AR BT 25607 R MR LR T ARG IT % o WK i (electromagnetic pulse, EMP) JI AT Jy — Ft Ay
B S 1) TE 8 19 & e 7 O AT OA HABUIIE M . #CE H AT, I /K L EMP Bijya OA i 4% 1) S 8 AL il 475 1 A B i, A<
SCIAX bk ot L 5 (pulsed electromagnetic field,PEMF) 75 OA 3547 H B 20 K A T AL 7 2F e Al — 2 38, A A W] fE 2 5 PEMF
AW 2RO LN S BB, 8 A R ITFEIR T OA M5 5 SR AL % o

XEEW HRTR Rk BkeR#s RE KETHE

FRESFES R336 XEEFRIRAS A DOI 10.11969/j. issn. 1673-548X.2021.05.005

4R Sk, W /4 Bk i (electromagnetic pulse, EMP) FEHAT M HI 6 J& ¥ PEMF 597 (3.4 ~ 13.6mT,
(9 7 AN W 4 e, VR — s BE WL RE I, H A=) 16min/d) J5 , B & W OG5 16 ) B A6 A7 BE B8 90 0 3
FRON B AR FIHUEI C 28 N BRI i 2 — o BF9E 3890, 2013 4F Nelson 45" XF 34 fil 615 OA B ¥
KWL E EMP AR A e A AR AR AT IE SR B R PEMF {397 (6. 8MHz, 15 43/1K ,2 IR/
Gixd NARMLREIR & 77 A= T AR AE R b bk oh i e R Ja, B BB FE B (e R B LT 43 ) 3
3 (pulsed electromagnetic field, PEMF) J7 15 & — Ff )] [ . 2014 4F Gobbi Z2U) %4 22 i 745 OA M k47
B TCR LA WYY O vk A R TR 1 45 K PEMF G897 (1. 5mT,75Hz,4h/d) f #17

B KT R (osteoarthritis , OA ) J& — i ILBG , & T 2R A5 R B, BB MO  T R R B AR
BRI N T HCB W HEAT e Rk W B RRE BCE T YT I BB . 2015 4 Wuschech 25"/ % 57 4l I
WA AR B R, 0 A TR Bk kT OA B UEAT I 18 K PEMF /Y7 (4 ~
M ERRNZ " HATKRIRIT OA T AL 12Hz,2.5 40/,2 W/ K) I H W RO 561 (i
i, S IRST YR IT R MR R DL T ORIBYT B SR T RE A O T 1 B R TT  F8 B o 3 BRI
a2 RIS R, S T PEMF RIBAE AR JERC 2020 4E Yang 2870 MG PR B4R B P R k16 35
A MIE B Al D B R B, AR Rl PEME XF OA JAYT 850N 049 WAL X B3 56 I 3 5o 5t 4 3
TSR JF B kB Rk, gE i OA Wk e, R 1S, 5L BEFIAYT L, PEMF 337 %) OA B34 11
1M, 82 H AT, PEMF Bjia OA ik 28 (1 3 78 AL i A PEIF A 5 R B A T R AR A BRARAE T, TR T 1 FR 4L
o A SCEEXE PEMF 7E OA 897 Hh (19 200 M /] RE 1Y) BF () P AN S 52 ) P 1 GBI R . BRI IR F 5

s 1 e 9] GBI PEMF 762 fif OA 5% 1 P 4 70
— BB BT OA B I7 L ST B0 HE L S 7 LA LT
SO BE BT RE B OA fB % 19 A = BRBR R OA KB HIBM

AR, FL7E 2005 4, Fischer 45 & 71 (il X4 OA i S ETTESTOR A LRSS

) FHLR . VE R RAT FERIZEM, LT

SEGF L BRI VM H (I E ) (81970053), FTER RS Y e £ f R PR S AR M SRR
WP A T B &R B (2019SF - 102) s F O B EyE R &AL EERBCE M A LL T AL B (type 1T collagen, Col
% A EOTICIRE (20182802) Il ) .5 9 £ ## ( proteoglycan, PG) Fil & [ B B (aggre-

80710032 e TR O BE o R TR S0 5 L B R
AGG) > 5y 11 4 tracellul
RGBS 0P b B R B A B o gy o ACC) O T BRI S 09 A0 L S I i C extracellular

TP K P P I A 00 A B ST 5 matrix, ECM ) ¥ i o 505 20 i HE T F AR B 36 o e e 2
IR T 105, 35082, B E (R B0, 10 15 4 : yushibin @ fmmu. OA RTTHRHRAM FELI,
edu. en L. R JOK b T 01 200 B A 5 I < 2 A Y R
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LU ME— AN R, FLAE 2009 4F Luo 2 fF 5%
BRI, YIBR K B 45 7 PEMF $i]3# (8Hz,3. 8mT,
40min/d, FF4E 30 K ) AT LA 25 08 /0 O S 0] B i o
R R O R A0 B 0 T ) 94 o 95 2R 1 A
IEREARER B B M I 7 MMP13 [ 33k, 2011 4 Guo
SR ST R B, X OE Y OA il 4T PEMF il #%
(75Hz,8mW/cm® ,30min/d, £ 4L 10 1) 1 7] DL A %%
ot B 20 B O T, R R g R TNF - o K P
2017 4 Julia SE0F 5% & B, %R S0 Bs 57 09 A 50CH 401
25 F 1F 7% W % 3% ( sinusoidal electromagnetic field,
SEMF) #i| i (15Hz,5mT,3 IR/K,45 /IR, ¥4 7
K)ATLA % BV 4 COL2AT Fil ACAN FE A
(2235, fR LA 4316 . 2020 4F Dinesh 28 fF 55
K, PEMF (2 ~3mT,15Hz, 10min/d) 7] ) i 2 ¢ 3k
NE A 38 5T 40 i ( bone marrow mesenchymal stem
cells, BMSC) [n] & 40 ffd 43 4k , I il IL - 6 . MMP -
13 .COX -2 23" . d Al L, 3& B A9 PEMF W] LA
32 T 248 L ) 61 200 %) 3 A DA R e A 1 39
Ay AL, B0 R 40 R R T, O B B AR A e R
P A R T 17 6 28K F- o

2. FEL B Tk e O B 1 R ) < R 40 AR S T
Hh & FEE M Col 1T PG M 3 £ H (glycosamin-
oglycan, GAG) Ji, 43 , i 26 Ji 43 X F 4 15 5B 19 $1 57
VI Prhifh PrE it fg £ 6 H 2, FL7E 2007 4F De
Mattei 28" 5k 9F 52, 3& B 2 $) PEMF ( 75Hz, 1.
S5mT, Ff 22 24h) GEAR #F 4= 5615 3CH SN IR 1Y PG &
J§ o 2011 4 Chang %" #F 58 % BL, X 14 40 55 9% 10 4%
KB Y4 F PEMF(75Hz,1.8 ~3.0mT,2h/d, #5452
3 ) HE AT DL 2 R EACE i GAG Rl Col T Y
o [F4E Ongaro %% A OA BCH 44 BB T
1.5mT,75Hz () PEMF 1 7 K&, BB 8 B PG
A RE N R L 2020 4R Ye 45X G
OA f it /N 45 F PEMF 3597 (75Hz,1. 6mT, 1h/d,
Frek 4 ) AR BRI A ACC 5 D #1
% IL - 13 . ADAMTS4 Fl MMP — 13 {353k /K F & %
A MUk nl W, & B9 PEMF R85 & 35 8 1k i I
B 200 A O R TS A B, ARG R R Y
e it o

= BEBRENRE TENZNE

BCH R 00 B IR S NG A R
TE A S OA 1) S 8055 B2 A Ak PR B 4 o 3 T |
() 5 OCHE AT BB AT B T B S0 2% OA R . K
EE IR 0P = g B = AR S U
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1. F R JOK 0T S B 4T 1 5 T < S 240 L B O
B R ) A AN, 2 R Y A R B A
o HLTE 2010 4F Shen %51 5% % B, %t 6% A VE
BT BEAAE 1) K B 457 PEMF (15Hz,8Gy,2h/d, $7 4L
8 J&) 3 ne 1 1 3 AR 0 R B 0 i 8 40 B rh TGF —
B W4T Wb, 3kl IL — 6 By 33k, I By 18 & 2 .
2014 4 Wang %' BF9Y % 0, 15Hz,9. 6Gy [ PEMF
RE S A T A A1 555 % 04 R BB 40 B ) 1 b A 44 3% T
WEGE G, O b U CE AH OG5S R (BMP2, OCN | Col
[ (ALP RUNX2 0SX) [ ik , 45 85 3 5 B 14 11 1
ghOfe J1, 2016 4F Zhai 257" BE9E % B0, 15. 38Hz,
2mT,2h/d f{) PEMF Jill3# A] D4 2 42 9 /N B MC3T3 -
E1 R 20 M A 5835 1 . 2018 4F Yang %17 B 58 &
XTS5 OA K B4 T PEMF (75Hz, 1. 6mT,
2h/d, HF2k 4 J5) f, BER I TS HRE T
HARTR B (BV/TV) (B /N JEE (Th. Th) (& /N3
K (Th. N) 30 18 3% A FHRFL L (BS/BV) FiI
H/NRE B (Th. Sp) , 4+ 785 NE 4. AT,
& E Y PEMF AT LUAT 85002 B 4 e i) 38 5 L 70 4k
W ALHE T o

2. FEL TG b o R A0 L P R ) < OR VR TR -
WV 2T 174 R B 40 3 5 0 0 TR 0 G DB g, E 0 i B UK
AEH-TYRE SR REE CEEN. 1
2006 4F Chang %" s 73 B (89 BURE 5 40 I & T
7.5Hz I8 BF 3mV/em [ PEMF H,8h /% 16h 5
IR B 1 4 B 1 184 B0 Bl b 3 AT, O T A
%, 2015 4F He 2V BF 0 % BUXT 1A S0 B 57 19 /18 LR
HE 4 7 PEMF (8Hz,3. 8mT,40min/d, 4L 3 K ) #
B, 45 PEMF il 8 & DR 47 R (osteoprotegerin,
OPG ) F1 M — i 19 30 S AT, 6 RE 8 (2 28 s /0 B 4
LS 75 R T R A R T kB A2 R AR B T AR
( receptor activator of nuclear factor — kB ligand,
RANKL) 5 5 i) B - 41 M FF 20 g %k . 2018 4 Tschon
(21 gs o 3 PEMF (75Hz, 2. 5mT, 12h/d, 5 4% 3
K ) REAE 0 2T IR A0 A I BR A% 20 M rP R 20 R
WEY—HLE AR K IS T 4711
ek, R4 B 40 MY . RT AL 3E EL Y PEMF
Xof B 240 L ) T oK 3% i EL A A R o

MY | B8 B Rk i A ¥ A 990 5 S8 Z Y T BE AL

1. MAPK i #% : 22 24 J5 3% Ak 25 (1 3§ ( mitogen —
activated protein kinase, MAPK) J& ¥ 4 it1 4 5 M 4l
b 2 T T ) 4 A YR I AL, S S A
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HHH Sk BB MIBETS . MAPK {553l B4tk 3 28
% [ 4 B MAPKKK - MAPKK — MAPK 41 A , i i %
W BEBR AR 5 5 1588 2 NN & 40+, B 46 T
ERK . JNK I p38 3 4> 3 B IR P A5 53 B% , A [6] 1Y
20 L 0 00 R BRSNS AN W] ) MAPK {5 5 38 ¢, i it
R B R T A 5 AS [ A 40 2R 24 OB . 2016 4R
Zhou %" 1E X 4T /T AE SUH A R BT R T 0 I 56
OA K Bl4 T PEMF(20Hz,8mT,40min/d,5 K/J& ,
gr12 J&) s KB, 5 T R4, PEMF 44
ERK1 . JNK .p38 MMP — 13 () mRNA 323k i Z 4%,
Jf H 4 PEMF 3597 J5 F AR 41 K BRI P 5 = K OF 1)
I 780 Jie JE A2 1B € R st R 7K SF- (5 e B 5 o o i 7K
) A S R AR, K 2 R R OA RAS R PEMF A L)
i ZE I MAPK S % S H A T 1 R [ MMP - 13
(192235, T I 2> OA 1 8 B 45 . A1 4F Yong
AW 1R AN 53 B 9 K BL BMSC 8 F PEMF (15Hz,
ImT,8h/d) ¥FEgHh 5 3% & 8L, 46 3 .6 .9 K} BMSC
p — p38.p — ERK1/2 UL M Ji & #H & A ¥ RUNX2,
BMP2 (OCN 1)Kk ¥ W 2% Jh i, i — 20 i A MAPK
T [ A A R S BMSC B A A 4 1 3k BH 2 1] 9%
ZEE AR PEMF 7] DU o 8 4% MAPK {5 5 i@ #% %
{2 3E BMSC 1) B 40 1. Bt PEMF (19 £ 47 4/ ]
AE A A 5 2 03 43 38 5 IR 55 MAPK 5 5 58 f#% o 52
o

2. Wnt/B - catenin {5518 1% . AN Ah Wnt Bk 5
ARROW/LRP ZZ % i) — A~ 3k [7] &2 {& (40 LRP5 A
LRP6) [Al B 5 &A1 7 WK 85 L) Frizzled 3Z 16454,
1 S 2 20 5T H 1Y B — catenin, Lk B 3K 31— 2 /K F-
FSF 1] 200 0 A% %% 7%, AT R 3l 48 L Wit/ B — catenin
{5 I 208 T A0 A S B A A | R T RN A
AT [, 2016 4F Zhai 2524 (A 4h 85 5% 1Y
/NEL MC3T3 - E1 0 40 i 45 7 15. 38Hz,2mT,2h/d
) PEMF i 3% & 30, PEMF 7 2 K (3456 1) 1 7 K
(A4 i)) B i 2% 98 Wntl \LRP6 Il B - catenin & if,
B A0 b 3 5E B R o3 Ak 0 A G 2 7 (OCN | ALP,
RUNX2 ,Cendl ,Cenel \Col I ) ) mRNA FlE %Kik,
2017 4F Fathi % 75 oy i 3 (EMF ) %ot Jlig i 7 76 5%
21 il ( adipose derived mesenchymal stem cell, ADSC)
B 5346 5 e 1 F 5% ok B, %) ADSC 45 3 50Hz,
20mT,30min/d, FF2E 21 K1) EMF il 3% 0] LAFEAIE Wnt
{55 38 B 7] DKK1 /) mRNA £k, JF LR T B -
catenin ., Wntl . Wnt3a, LRP5 f1 ALP_  OCN, RUNX2,
BMP2 [ 3ik, FR45RFEW, PEMF @i Wnt/B -

catenin {5538 [ ¢ HF T B H 40 M 4 3G 55 Aok, O
RE V5 3 [ 70 5 1 200 0 ) B2 15 40 A 43 Ak, 76 B8 R
il E S ER . Bt Wnt/B - cate-
nin 55l AT GES 5 T PEMF [j 1k OA Wik T
A ) i R

3.Ca’ fF5 Ca " BRI S SR EE
552l 4 R R P Ca T R KR B
5 dh Ca®" 22 [B] 17 78 W BE B BE B, 3 3 4% 3 15 5
MVERT, 2 5 T 2 Fh 41 Ml 2% 1% 3. 2008 4 Robert
G KB ,0. 2mV/em, 15Hz [ ik v oL 37 o) 38 44 Sh
EE R IR R N PCE A 30min BETE 72h J5 A F 4 i
BEHE K NO FI cGMP {38 i, (U8 hn % 3 3 op Ca® " 55
s [F AR A DL B R NO KO I 7R B SRR R oA
Ca” " 37 30 7 LA BT PEF XF NO HI cGMP {1 {2 3/
H X S g R4 7R PEF J00 3805 40 i 38 5 19 %% 5 i
A RS Ca®" (NO 53 2 (4 Al cGMP 7= A= i) 9K
MR ZE T 2013 4F Pall”™ B 5% & B, PEMF {52
8 3 40 5 40 B T ST T — A B () AR AR Y L
XA IR T AN Ca™ " BE L, S BN Ca®”
Y RE RIS A5 O] 2 G, AT R v A R Y
2014 4F Kim 2" ¥ KM 35 19 A BMSC B F 45Hz,
ImT,8 /WK ,2 /K PEMF HdE2E 7 K, i i £
% B, PEMF 2 /& T BMSC H & #5 & 9 ( BSP,
BMP2 RUNX2 .Col I .Col Il Ay mRNA FI#E H £k .
Ca’" 3 i fH ¢ 4> + ( CACNAIC, CACNAIE , CAC-
NA1G .CACNAII) iy mRNA %35 K% p - ERK & A
ik, %W PEMF JBAE3F T BMSC (& 43 1L T 16
Ca’* [ERK .PKG {Z5 Z[a M 7 # 4, 2017 4F Tong
400 BRgE & B, PEMF (15Hz, SmT) % 8 40 e 119 442
FEARSE T B PN % 55 15 A8 A 240 M o B B K 85 I 7 R 1
HLF , PEMF BEfS (2 1E 18 40 it i 34 8 L 401k, e =2
Xof J8E A0 LA AT Rl 52 0, 5 B PEMEF JC k75 5 45 1#
AR R BT L, AT P Ca’ Tl 2 PEMF {5
SN EDES W FERRZ —

4. TGF - B/BMP {55 . # b 4 K A F - B (trans-
forming growth factor - 3, TGF - B) FI'B ALK EEH
( bone morphogenetic protein, BMP) 1 Z I BE 4 K
F,J&F TGF - p % % . TGF - B/BMP 5 TGF - B
FeSpE 1 IR 2 T ak BMP 22 43 R/ 9 41 R I I 27 1A
FHEAE R, 8 i 4 35 4% (Smad AR & 12 ) FiHE 4 8
A% (Smad JEHRIRTE) B 3055 IS, TGF -
B LAY L AZ AR )z Rk FRCE R R4, R
AR5 B A T B M AR S IR AE 1 FARCB A 4 4
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TR PR EEAE N . 2014 4F Amin %7 5T
KI,0. 4T, 4L 14 KI5 153% (static magnetic field ,
SMF) BEffe It & A TGF - B3 K5 Jr 2 A BMSC [y
GAG £ i, JF H SMF B 8 4& m 55 95 i LW iR b
TGF - B {9 75 &t . T 1% 46 50037 7 Bk TGF — B 22 A BELIGT
| SB — 431542 Jir BH W , 1% 45 R 2R W] SMF n] DL i i
TGF — B 4K 1t 3% 72175 5 BMSC 19 iR 408 404k . 2017
4F Selvamurugan 2 URE 1R 4143 85 i 9 A BMSC B F
15Hz,4h/d () PEMF th 555, T4 23 K (046 i) &
5% 33 R (06 ok A5 A& B PEMF {2 #F T BMSC
f) pSmad2 £ 3k, Jf £ & 1 43 4k W 40 L ALP A
Col T3k, R M ZE M A TGF — B i % FH W 7 5
pSmad2 B G|, ALP Fl Col 1 RYKIKFEZ T
Wi, 1% 45 R W] PEMF W] L@ Smad2 B0 78 43 A6 Al
WAL A R ) TGF — B {5 53 [, 18 5 180 46 /g
SR B YRR, N AL 5B L, R, TGF - B
{5 = il % AT RE7E PEMF (% 31 M i 18 52 i /8 vh & 8
HEEE

5. OPG/RANK/RANKL {55 : OPG/RANK/RANKL
T R TR AN T RN T Al b R OC BE AR
RANKL & — b 32 % iy -1 40 S R ald B 40 i 3% 0K /9 200 i
REED, 5 HEREZE T «B ZAREEEA
(receptor activator of nuclear factor — kB, RANK) 454,
RANK J& o 40 M 58 B 6 —Fb B 285 5, AT LA %
B UM R A HE G AR Sl B . OPG g 32 2 dy J A 40
J oy 28 1) RANKL ) m] 35 5 U5 0 32 K7, 3 2o B 1B
RANKL/RANK {5 5 18 # 1 1 5 ok BH. 1k 85 & 40 A
P, OPG/RANKL {47 52 il 1 o g 28, FC L AE A 2k
28] fE T B0 R B0 I, 2013 4F Vincenzi
A N KR AR R AN i B N A LR 40 I 4 51
T 75Hz, 1. SmT % 2. SmT [y PEMF tfi, 24h J5
PEMF AACAT DL 2 F 3 OPG By 2Rk, i Bk w] DLid
ST IR K (A, Ay Asy Ay ) 0I5 Al f 36
% — A Wik 200 1R Tk 6 M 40 M Y7, DA BRI T - 18
WM N7 «B p65 WAL 19 I P, 2017 4£ Zhou
2 3% XM BRI R K R4 T 3. 8mT, 8Hz,
40min/d,5 K/, 548 12 JH % PEMF Jl34, 45 58 %
W5 T AR A, PEMF 0] DL g 3 FEARBTI A4 1R W2 1%
BT I8 A1 /N TB] B (Th. Sp) , #8im ALP 3% 1 e
B (BMD) (B /N BERFULL (Bv/Tv) (B /N EECH
(Th.N) F1 & /NG JEE (Th. Th) , If il il RANKL 3
ik A HE OPG Ry 2 3K Ok 11 B B 57 i A T 250 A - i U
%, Ik, PEMF B] fi€3@ 1+ OPG/RANK/RANKL {5 5

.18 -

X 8 40 M ) e A A T 4 A T A o

6. FGF Hl VEGF {5 5« iU 41 4 40 g A4 1K X 7 (fi-
broblast growth factor, FGF) FlIfil % N 4 K K F ( vas-
cular endothelial growth factor, VEGF) 15 5 G5 4E ¥ Hr
AT 8, B 5400 T 19 N B A, e S 5 1L A 40 L A
H 4 2 6] 45 5 A% 3 O e 18 2l R 2 A ]
A, FRLAE 2002 4F Deckers %7 iz i, VEGF 15 5
T EE ST R A0 R P R AR A SR R R A A
AR I REANIE 1556 & o 2010 4F Yun 4507 GRS T
FGF 5518 12 30 B 40 A 00 1 58 L K il 48 A6 i 1Y)
FE A . 2008 4F Callaghan % BF 58 % 1, 15Hz,
B K WG % B 12G,8h/d ) PEMF f§ % il 4 b IR 9
/N BRI IE 5 /0N B 61 T A5, F R HE 1 IR AR B 3R N B
PN B2 20 M A S B, B R A A AT DK A B AR D R TR
H FGF -2 & i, 1K FCF 5 P R B A /)N B 2493 I
Rz T PEMF rp 513 WA B 1 1 AL G 1) 12 3 0
FW] PEMF {3 FGF -2 {323k A k5 1 @& i &
BHLH . 5 TR, FGF Il VEGE 38 % 76 5B & A I
D7 T A AR AE O R] B A 1 5 P 2 TA) A
HAERDRAE 18 52, PEMF 38 i 1% 15 5 38 #% /Y 02 1
A A X 3 B AL AR AL T 00— PR

7. HAth{Z 538 1% . B 4E 2006 4F Patterson %{39' Wr
SR, PEMF (15Hz,0. 4mT) 0] DL ¥ 1% /N B MC3T3 -
E1 A 40 b PLK/mTOR 58 B , i 10 4 7 i 40 i
I 53 Ak 2011 4F Li % 75§ 5T PEMF (8Hz,
3.8mT,40min/d, #5452 30 K ) % B 51 5L ) B K B e
IR 9 A O T B S e ) T 5 R & B, PEMIF fiE
% R X S - H % B3 (X - linked inhibitor of
apoptosis protein, XIAP) [) #i5 , T & Bax 1) mRNA 3
OF 0 BCH A0 M A U T2, 2018 4F Bagheri %42
WF5E PEMF (75Hz,1.5mT,28 X ) #-5 A BMSC [ A,
Hoa A R, & B Notch 52 f& (Notchd ) K H g {4
DLLA IR 8138 [ ( Heyl | Hesl | HesS ) f1) %2 % K F
. BAh, A Noteh J8 41 ] 55 BE % A 550410 ] A
s EY (RUNX2  DIX5 | Osterix ) UL A& Hesl FlI Hes5
%35, X R W] Notch {55315 7 PEMF 55 1Y i &
orAbad FE bR A AR AR T, 2020 4E A5 K
AU R T ok A0 ML R R R AR LA R
FIA 05T K B PEMF 7 fig it 58 F & 8 ol 72
IGF -1 iy ik EFH o LA L o i 15 5
HEATTA TR AW

N =]

Vo — Bl oA R S 09 R B /Y 2 R BG ST OT
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%, PEMF Xt OA JA Ty M BURAE I B &5 1) K
HIRE . KEWTERW, Z M0 715 5 W n] fE1E
PEMF ) OA Bjjif i K #55 B B4R . SR T, 72 OA
Bijifi o PEMF 18 £ 2 B0 i, LS B 71 5 ol
AT 1 AN B BRI, S e i O Y I
PRAE A 225 Al S5 560w K A% 5 0T 52 19 E B , O T R R
R AR B A I B 7 R 36 E G 26 S B, Bk — 20 W]
AR IT SR BB, ROk OA B3R 7 $2 44

B

1

10

11

AR

2 2% 3Tk
Henderson JV, Harrison CM, Britt HC, et al. Prevalence, causes,
severity, impact, and management of chronic pain in Australian gen-
eral practice patients[ J]. Pain Med, 2013, 4(9): 1346 - 1361
Bennell KL, Hunter DJ, Hinman RS. Management of osteoarthritis
of the knee[ J]. BMJ, 2012, 345. 4934
Fischer G, Pelka RB, Barovic J. Adjuvant treatment of knee osteoar-
thritis with weak pulsing magnetic fields. Results of a placebo — con-
trolled trial prospective clinical trial [ J]. Z Orthop Thre Grenzgeb,
2005, 143(5): 544 -550
Nelson FR, Zvirbulis R, Pilla AA. Non - invasive electromagnetic
field therapy produces rapid and substantial pain reduction in early
knee osteoarthritis; a randomized double — blind pilot study [ J].
Rheumatol Int, 2013, 33(8): 2169 -2173
Gobbi A, Lad D, Petrera M, et al. Symptomatic early osteoarthritis
of the knee treated with pulsed electromagnetic fields: two — year fol-
low —up[J]. Cartilage, 2014, 5(2):. 78 -85
Wuschech H, von Hehn U, Mikus E, et al. Effects of pemf on pa-
tients with Osteoarthritis: results of a prospective, placebo — con-
trolled, double — blind study [ J].
(8): 576 -585
Yang XT, He HC, Ye WW, et al. Effects of pulsed electromagnetic

Bioelectromagnetics, 2015, 36

field therapy on pain, stiffness, physical function, and quality of life
in patients with osteoarthritis: a systematic review and Meta — analysis
of randomized placebo — controlled trials[ J]. Phys Ther, 2020, 100
(7): 1118 =1131

Luo QL, Li SS, He CQ, et al. Pulse electromagnetic fields effects
on serum E2 levels, chondrocyte apoptosis, and matrix metalloprotein-
ase — 13 expression in ovariectomized rats[ J]. Rheumatol Int, 2009,
29(8): 927 -935

Guo H, Luo Q, ZhangJ, et al. Comparing different physical factors
on serum TNF — a levels, chondrocyte apoptosis, caspase — 3 and
caspase — 8 expression in osteoarthritis of the knee in rabbits[J].
Joint Bone Spine, 2011, 78(6): 604 -610

Redeker JI, Schmitt B, Grigull NP, et al. Effect of electromagnetic
fields on human osteoarthritic and non - osteoarthritic chondrocytes
[J]. BMC Complement Altern Med, 2017, 17(1): 402

Parate D, Kadi ND, Celik C, et al. Pulsed electromagnetic fields
potentiate the paracrine function of mesenchymal stem cells for carti-

lage regeneration[ J]. Stem Cell Res Ther, 2020, 11(1): 46

17

19

20

21

22

23

24

25

De Mattei M, Fini M, Setti S, et al. Proteoglycan synthesis in bo-
vine articular cartilage explants exposed to different low — frequency
low — energy pulsed electromagnetic fields[ J]. Osteoarthrit Cartil,
2007, 15(2): 163
Chang SH, Hsiao YW, Lin HY. Low - frequency electromagnetic
field exposure accelerates chondrocytic phenotype expression on chi-
tosan substrate[ J]. Orthopedics, 2011, 34(1): 20
Ongaro A, Pellati A, Masieri FF, et al. Chondroprotective effects of
pulsed electromagnetic fields on human cartilage explants[ J]. Bioel-
ectromagnetics, 2011, 32(7) . 543 -551
Ye WW, Guo H, Yang XT, et al. Pulsed electromagnetic field ver-
sus whole body vibration on cartilage and subchondral trabecular bone
in mice with knee osteoarthritis[ J]. Bioelectromagnetics, 2020, 41
(4): 298 -307
Shen WW, Zhao JH. Pulsed electromagnetic fields stimulation affects
BMD and local factor production of rats with disuse osteoporosis[ J].
Bioelectromagnetics, 2010, 31(2). 113 -119
Wang J, An YX, LiFJ, et al. The effects of pulsed electromagnetic
field on the functions of osteoblasts on implant surfaces with different
topographies[ J]. Acta Biomater, 2014, 10(2): 975 -985
Zhai MM, Jing D, Tong SC, et al. Pulsed electromagnetic fields
promote in vitro osteoblastogenesis through a Wnt/beta — catenin sig-
naling — associated mechanism [ J]. Bioelectromagnetics, 2016, 37
(3): 152 - 162
Yang XT, He HC, Gao Q, et al. Pulsed electromagnetic field im-
proves subchondral bone microstructure in knee osteoarthritis rats
through a Wnt/B - catenin signaling — associated mechanism [ J].
Bioelectromagnetics, 2018, 39(2). 89 -97
Chang K, Chang WH, Tsai MT, et al. Pulsed electromagnetic fields
accelerate apoptotic rate in osteoclasts [ J ]. Connect Tissue Res,
2006, 47(4). 222 -228
He JQ, Zhang YS, Chen J, et al. Effects of pulsed electromagnetic
fields on the expression of NFATcl and CAII in mouse osteoclast —
like cells[ J]. Aging Clin Exp Res, 2015, 27(1): 13 -19
Tschon M, Veronesi F', Contartese D, et al. Effects of pulsed elec-
tromagnetic fields and platelet rich plasma in preventing osteoclasto-
genesis in an in vitro model of osteolysis[ J]. J Cell Physiol, 2018,
233(3): 2645 -2656
Zhou J, Liao Y, Xie HT, et al. Pulsed electromagnetic field amelio-
rates cartilage degeneration by inhibiting mitogen — activated protein
kinases in a rat model of osteoarthritis [ J ]. Phys Ther in Sport,
2017, 24. 32 -38
Yong Y, Ming ZD, Feng L, et al. Electromagnetic fields promote
osteogenesis of rat mesenchymal stem cells through the PKA and
ERK1/2 pathways[ J]. J Tissue Eng Regen Med, 2016, 10(10) .
E537 - E545
Zhai MM, Jing D, Tong SC, et al. Pulsed electromagnetic fields
promote in vitro osteoblastogenesis through a Wnt/f — catenin signa-
ling — associated mechanism [ J ]. Bioelectromagnetics, 2016, 37
(3): 152 - 162

(T#% 168 )

.19 .



EFNE

J Med Res,May 2021, Vol. 50 No.5

26

27

28

29

30

31

32

33

S, AR RO A R R AR 7 AL R, R . TR R B T
B AR 2 00 20 1 2% % 7 SR R 75 B0 T A 9 4 (R R PRI, 200, ) 5
8 W, SREEEE, AFBEA. BIEMBAROFRAERYE WINES
R o AR LA S M B AR I BE DY )% T A 2 AR FE U E LR A . RERHE]. TR
A LR L%, SR B EME &, Al Bjc, 2020, 25(3): 8 -13
P TR 9 ??@iﬁ'ﬂ-‘%id‘llﬁﬁﬁé@%ﬁﬁﬂlﬁqjﬁﬂ‘i%ﬂﬁﬁﬁﬂ@iﬁ?ﬂJl el
[H 5l G B4 #F, 2020, 4(1): 23 -26
EdaR 10 WHEEE, BB RBEEIES ﬁjﬁﬁiﬂlﬁ&‘fﬁﬂﬂﬂi%
STk, FUER. B S R S K [l R R 4R MRy 5 R [T EPE!EM%(T?T, 2020, 398(3):
BEEHTHMEEI]. PRESHFIRE, 2018, 38(5): 641 - 11 R, FlE, KR, % K2emimR l’:aﬂ?ik*@{‘?i{ﬁﬁ(
645 HYIERLT]. BERbPE A, 2017, 19(12): 939 -941
NS A ERULIET T (R R 2 R I 1 A O (). 12 BRiEE, SR, OOk, S HET COOC A BT £ 15 )
B2 54 %, 2013, 34(7TA): 1 - MBI R [T PR EERFRRAE, 2019, 18(1):
BRI AT IR O S ERAT D). R H A DR 62 - 66
552k, 2017, 25(5): 719 -723, 774 13 Ewi@, KREWE, MR SoMTEX IS RALMHE
SHSL, BRE, O, B, WRE %075 +3" KA SRR I, 2012, 3204) ;620 -622
ABEFMEB)]. hREESHTHERIE, 2019, 18(3): 14 ¥4, BURZEE. JET 4R T G 02 B LI ZO7E /A ) I R 52
277 - 280 IR HLT]. PARRERHEREIE, 2019, 18(6): 623 -
B, MM, DWW, . RS R BTG R B A B SR 626
B MR RS LET]. PEBSESHE, 20147: 29 -30 15 SRR, 29 WAL, % A ERTRAASRTHE SRR
Joanne NW. Who is teaching what, when? An evolving online tool to (V] B BERIRAEEM: HaREhR, 2019, 95(6): 504 —509
manage dental curricula[ J]. J Dent Educ, 2014, 78(3). 496 - (Yo H#3: 2020 -11 -28)
504 (&Rl H#: 2020 -12 -17)
(EB% 19 7) ceptors in human T/C - 28a2 chondrocytes and hFOB 1. 19 osteoblasts
Fathi E,Farahzadi R. Enhancement of osteogenic differentiation of rat [J]. PLoS One,2013,8(5) :e65561
adipose tissue — derived mesenchymal stem cells by zinc sulphate un- 35 Zhou J, Liao Y, Xie HT. Effects of combined treatment with ibandr-
der electromagnetic field via the PKA, ERK1/2 and Wnt/beta — cate- onate and pulsed electromagnetic field on ovariectomy — induced osteo-
nin signaling pathways[ J]. PLoS One,2017,12(3) :e0173877 porosis in rats[ J]. Bioelectromagnetics,2017,38(1) ;31 —40
Fitzsimmons RJ, Gordon SL,Kronberg J,et al. A pulsing electric field 36 Deckers MM ,van Bezooijen RL,van der Horst G, et al. Bone morpho-
(PEF) increases human chondrocyte proliferation through a transduc- genetic proteins stimulate angiogenesis through osteoblast — derived
tion pathway involving nitric oxide signaling[ J]. J Orthop Res,2008, vascular endothelial growth factor A [J]. Endocrinology, 2002, 143
26(6) :854 -859 (4):1545 - 1553
Pall ML. Electromagnetic fields act via activation of voltage — gated 37 Yun YR, Won JE, Jeon E,et al. Fibroblast growth factors: biology,
calcium channels to produce beneficial or adverse effects[ J]. J Cell function, and application for tissue regeneration[ J]. J Tissue Eng,
Mol Med,2013,17(8) :958 — 965 2010,2010:218142
Kim MO, Jung H,Kim SC,et al. Electromagnetic fields and nanomag- 38 Callaghan MJ, Chang EI, Seiser N, et al. Pulsed electromagnetic fields
netic particles increase the osteogenic differentiation of human bone accelerate normal and diabetic wound healing by increasing endogenous
marrow — derived mesenchymal stem cells[ J]. Int J Mol Med,2015, FGF -2 release[ J]. Plast Reconstr Surg, 2008,121(1) :130 - 141
35(1):153 - 160 39  Patterson TE,Sakai Y, Grabiner MD ,et al. Exposure of murine cells to
Tong J,Sun LJ,Zhu B, et al. Pulsed electromagnetic fields promote pulsed electromagnetic fields rapidly activates the mTOR signaling
the proliferation and differentiation of osteoblasts by reinforcing intra- pathway[ J]. Bioelectromagnetics,2006,27(7) :535 — 544
cellular calcium transients [ J]. Bioelectromagnetics,2017,38 (7) : 40 LiS,Luo Q,Huang L, et al. Effects of pulsed electromagnetic fields on
541 - 549 cartilage apoptosis signalling pathways in ovariectomised rats[ J]. Int
SRR, DA, SRR, A AE R AT B E S A R RPIE Orthop,2011,35(12) ;1875 - 1882
FAL)]. wpAeg 5k R 444 ,2019,12.727 - 732 41 Bagheri L, Pellati A, Rizzo P,et al. Notch pathway is active during os-
Amin HD,Brady MA,St — Pierre JP,et al. Stimulation of chondrogen- teogenic differentiation of human bone marrow mesenchymal stem cells
ic differentiation of adult human bone marrow — derived stromal cells induced by pulsed electromagnetic fields [ J]. J Tissue Eng Regen
by a moderate — strength static magnetic field[ J]. Tissue Eng Part A, Med,2018,12(2) :304 - 315
2014,20(11 -12) :1612 - 1620 42 WL KRR L. RGN B 2 2R s e By T LR AR
Selvamurugan N,He ZM,Rifkin D,et al. Pulsed electromagnetic field [J]. ®h2FiE iR ,2020,65(13) 1238 - 1250
regulates microrna 21 expression to activate tgf — 3 signaling in human 43 Zhou J,Ma XN,Gao YH,et al. Sinusoidal electromagnetic fields pro-

34

bone marrow stromal cells to enhance osteoblast differentiation | J ].
Stem Cells Int,2017,2017 ;2450327
Vincenzi F, Targa M, Corciulo C,et al. Pulsed electromagnetic fields

increased the anti — inflammatory effect of A, A and A adenosine re-

- 168 -

mote bone formation and inhibit bone resorption in rat femoral tissues
Electromagn Biol Med,2016,35(1) ;75 - 83
(W hs H #1.2020 - 11 -03)
(& 18] H #:2020 =11 - 10)

in vitro[ J].



