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Abstract

Objective: To investigate the efficacy of different intensity pulsed electromagnetic fields (PEMFs) on the struc-
ture of cartilage and subchondral bone in knee osteoarthritis (OA) rat.

Method: Forty SD rats were randomly assigned to four groups: 0.8mT PEMFs group, 1.6 mT PEMFs group,
OA group and normal control (NC) group. Osteoarthritis was induced (OA and PEMFs groups) by injecting
0.2 mg monosodium iodoacetate into the rat’s right knee joint. The Rats in the PEMFs groups were exposed
to 75 Hz, 0.8mT or 1.6 mT PEMFs for 2h/day for 4 weeks. Toluidine blue stain and OARSI score were used
to investigate changes of cartilage structure. Micro-computed tomography (micro-CT) was used to analysis sub-
chondral bone microarchitecture.

Result: Compared with the OA group, cartilage surface was relatively complete and had mild fibrillation, and
tide line was clear in both PEMFs groups. No significant difference was found between PEMFs and OA
groups in the OARSI score (P>0.05). Compared with the OA group, there was a significant increase in the tra-
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becular thickness and number, and a significant decrease in the trabecular separation in 1.6mT PEMFs group(P<

0.05).0.8mT PEMFs group showed a significant decrease in the trabecular thickness and bone volume fraction,

and a significant increase in the trabecular number and bone surface/bone volume(P<0.05). No significant differ-

ence was found in subchondral bone microarchitecture between two PEMFs groups(P>0.05).

Conclusion: PEMFs might have beneficial effects on the structure of cartilage and subchondral bone in knee
OA rats. However, no different effect exists between 1.6mT PEMFs and 0.8mT PEMFs.
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2.1 PEMFsXHCE T B 48U A= 10
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Tb.Sp, I3& #Mill BMD .BS/BV . Tb.N . Tb.Th, &
il Tb.Sp, B 4Mill BMD \BV/TV .BS/BV . Tb.N , Tb.
Th.Tb.Sp b, 41 0] 2= 5 A7 i &1k 5 L (P<0.05) .
5 NCALM H , OA 412 PNl Tb.N I 2 FEAIK (P<
0.05) , 1M i KL IR A ) BMD i 15 A AN FR 1
AMI Tb.Sp (P<0.05) f E 1 &, 22 5 HoAT B E &
Y. 1.6mT PEMFsZH 5 OA 21 e, i N AMI Tb.
N B .3 £ (P<0.05) , 11 & & N Tb.Sp {2 25 B A%
(P<0.05), =5 HA W EME L. 0.8mT PEMFs4]
5 OAZIAR L, I8 P AMIFN BB A Ml Tb.N g 2538
2 (P<0.05) , I & P3O F0 BE - 4 Th. Th 5 35 FEAI
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AN RR B B30 e T LT AL, 300 A R /L,
FOHT, 1.6mT F10.8mT PEMFs 2045 % )2 5 OA 41
Fb A A AR T S8 (LR 40 IR) oA DL W 22 5, DL 2.
N AL 241 OARSI W/ 22 5 B MR L (P<
0.05) , Z ¥ 2 E i s 5 NC A i,
OA 41 F1% PEMFs 21 JIZ & F1 i B OARSI ¥E43 34 Tt
T, 225 WE MR L (P<0.05) , {H % PEMFs 20 i%
A E OARSIIFE/M 45 OA 4HI A WL B 22 7 (P>

0.05), " PEMFs 4l [a] 2= 7o g &P X, L 5.
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BT B E A OA R AR JE it 7 rh 73 i
ZAESY, BHHETOA IR E A O R — R
HAREFEAL B CR T B E DR IR T ]
(A HAEM . HET, PEMFs %FHCE T B 31 250 1)

WP B GUR A 2AOCR U] Ao AE P i 25

2

KREBXTRREERE

(x5)

1.6mT PEMFs 41

IEH XA (NC ) - CH TTE S5, I UG (IR, IIETEMT; OA BRI (OA 4 - B A8 L 4EAk , B A/, IR IO ; 1.6mT PEMFs
ZF10.8mT PEMFs4l: #HRBRIELAYL, R CE

0.8mT PEMFs#1

Xof 4]

*1 BETEANRETEHLETITEESH (xs,n=10)
2151 BMD (mg/ml) BV/TV (%) BS/BV(L/mm) Tb.Th(pum) Tb.N(L/mm) Tb.Sp(pm)
AE T R 566.22+173.15 56.2142.61 14.59+0.51 136.40+4.22 4.08+0.08 107.7248.58
OARHIZH 768.90+69.40 48.34+8.17 16.14+2.61 133.56+29.21 3.78+0.22 135.12420.73
1.6mT PEMFs#]  688.18+141.51 52.08+4.49 16.06+1.29 126.49+10.47 4.18+0.12" 114.21+15.96"
0.8mT PEMFs4]  681.16+111.79 48.97+4.65 18.28+2.45 109.93+15.58" 4.39+0.24" 116.91+10.88
D5 OA 4AH P<0.05 :
=2 BEETEMIZETEARAESIHTEEZSH (xs,n=10)
ikl BMD(mg/ml) BV/TV(%) BS/BV(L/mm) Tb.Th(pm) Tb.N(L/mm) Tb.Sp(pm)
AT REAL 524.01=170.74 48.29+1.73 17.50+0.70 113.72+4.94 423+0.11 123.44+5.26
OAfRHIZH 729.65+55.95 45.55+5.12 18.70+2.55 110.52+19.71 4.14+0.24 129.48+10.10
1.6mT PEMFs4  639.56+131.41 44.83+5.25 20.59+2.82 98.34+12.55 4.57+0.137 119.86+10.00
0.8mT PEMFs4]  649.49+126.68 43.72+4.58 21.3442.26 95.07+11.75 4.64+0.21" 117.56+11.96
D5 OA LA HL P<0.05 B
x3I BERANKRETEALESITEESH (x+5,n=10)
251 BMD (mg/ml) BV/TV(%) BS/BV(L/mm) Tb.Th(pum) Tb.N(L/mm) Tb.Sp(pm)
AE T R 687.63+194.47 57.35+4.52 16.68+1.29 125.38+16.49 4.70+0.11 83.57+13.97
OAFEHIZY 772.37£59.93 52.22+8.02 17.29+2.81 115.52421.93 4.49+0.25 105.41+16.40
1.6mT PEMFs4]  579.89+139.99 51.48+4.97 18.30+2.50 111.69+16.49 4.71£0.51 99.59+13.83
0.8mT PEMFs4l  677.91=111.20 49.51+4.94 19.85+2.46 103.54+12.40 4.80+0.25 105.56£12.67
Fx4 BREFIMIRETBHLESITEFZSH (xs,n=10)
215 BMD (mg/ml) BV/TV(%) BS/BV(L/mm) Tb.Th(pm) Tb.N(L/mm) Tb.Sp(um)
AEH X AL 580.74+174.00 59.93+2.59 14.44+1.12 127.9+8.18 4.51+0.07 82.0617.01
OAfRIZY 796.214+49.32 57.83+5.60 15.9+1.81 132+17.70 4.38+0.26 107.09+19.23
1.6mT PEMFs#]  689.47+135.78 53.84+8.25 17.3343.15 118.19+22.59 4.7£0.35 100.2+17.08
0.8mT PEMFs#4]  680.65+113.72 47.71+4.80" 20.33+3.02" 100.56+13.57" 4.85+0.31" 107.79+10.76

D5 OALAH L P<0.05
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%5 OARSIXTHBAHAARETS  (xx5,0=10)
20 5 Ji& i
1R IR 2 0.80+1.30 0.60+1.34
OABEHIZH 8.60+2.27 5.20+1.62
1.6mT PEMFs 4 6.60+1.84 3.40+1.71
0.8mT PEMFs41 6.40+2.07 3.40+1.43

g TR A —E RBRYE . Fini SR 50K
P PEMFs BEFRAR A & 1 OA BK BRUEE B R, XF
BV/TV . Tb.Th. Tb.N FITb.Sp i JCHH B o8 . B,
Fini 2 7EEE X OA M1 B9 58 HR #E 4 T PEMFs (1)
T, 45 5 @78 PEMFs AMURERR R ECE &5
& i XU ST R 4 IR bR dd 7 AL Rg ), 3
TR B 43 A 56 1 9 L B9 Tb.Sp , 987 BV/TV . Tb.Th
FITO.N, TR ECE T BB /N R A ES
ESLR ST, FATR A B CT s s
B = RO ZE A & PRAE OA Y515 8 A , OA 4 I8
P TN FEAG, I 4 5 19 BMD i i
JB2 B P A Tb.Sp 38 =5, 4 7 AR5 1 B 2 FR 4175 =
() OA BETRY 34 37 8 J&] J5 B MR 1 B i 8 %
FE/NGEEE R, I A B/ INGR RS [ R ] (4
$Eo SR, Fini %P5 H AR TR AR K B OA 4 Ak
‘BN H Tb.Sp f#Ik, BV/TV . Tb.Th fl To. N4/, A<
58 OA 5K T B Tb.N 1 Tb.Sp (848 5 BEAEF
FEERTIE . FEE OA PRI RICE T HEWS K
ARG, OA FAHHCE B i B St LB RCh &,
TE SR () B S, W B 200 B i 8 B o
KAREALD, T Fini 050 T A &1 OA #57
R OA W Bz, SR ASBIF 53 R FRARG 0] F L 2 1 M
T OA KRS | A5 8 Ji] J5 b AE 84, #1E B Tb.N
F1 Tb.Sp 1A e A% 55 BE A fF 5% 45 SR o8 I Al RE 2 R Ry
OA i J7 ¥ AT, AbF OA A [A) & J B B Jor 38
1.6mT PEMFs 4155 OA 41 b4, JIE& P /Ml Tb.N 1
Z , B H5 N Tb.Sp F&AIK , 278 1.6mT PEMFs X 4k
BT EE/NREEA —ERPEN, HEEEE
TENZ . 0.8mT PEMFs 415 OA 41t , IEH 4k
ARSI Th.N 2514 22, 112 R A A - A
Tb.Th & &AL, B SMI BV/TV B F#IK L K& BS/
BV & TH , 45 8 /R 0.8mT PEMFs AN RE k3%
B /NGB ) U8 R 2% A i /)N 2 0 1k 1 R 2ok
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. SRTM, 1.6mT PEMFs 21 #110.8mT PEMFs 4H 7
WE THHLUESIEF SRR 25, 1
ANHEAS H PRI IO RE IR R B AT A2 B
AATEER

KT BRI T AR IR OA & R il i v EE L
PP | DA 200 R a2 R 200 it 475 S R i oy = 222
JHRRIEY . ZIFSE R, PEMFs i) DLEACGE B 16
RSP P ST R A LU A IF S PEMFs
RIS ERIUR A A 5. De Mattei S5 I/E R
WIB 5 b & 3 PEMF's B Il A= OG5 s AME (A
ARG I EAE A R R . PRI R A5
PEMF's A [] sl 38 2 B8O 48 5645 i M IR 8 11 2R
WHA B2 0, 45 5L 8 BT T [a] DA 4 /NBsE 4
FE T RMEA I I BoF 5] 425 < T 28 347 188 I, 58 8 R
1.5mT i}, PEMFs {2 i 35 1 SR 5 B B8R Aot , T
NGBS ASE 3 ey Ainp- A IR TS =S, S e
A, ZIREGE AU PEMF's 1] FEAR AR R A0 Bk B
Mankin ¥¥-53, B S 40 i 5G15 FopriR Az

TEAWESE T, B FRAT & BLAE 1.6mT F10.8mT
PEMFs 41 /) OARSI P¥-43 5 #H i OA H WA Giit
2pa S (HRAE AT LSS B ORI e e i
FEMEER , AT LAWLEE PEMFs H A 3543 5 35 (1404
FH % B7 1R K R OA By i B Ak AT g AT — a2 1 3K
. HESRPEMFs 41 5 OA 41 OARSI ¥43 ok L4t it
S A —E R AREIR, R 2 R
J5 R 0] BB 2 AS R ST PEMF's %2 5% I (8] A8, 25 Y
g8 16 04K 2h, I AN A i DLAR K R E &1
OA MIWFFENI R 5K 6h, WA AN, HEEH K, X
o I 7R B 5T 1] B PEMFs W% 17 11 OA B 1B Ak
B HEFBCR . 1.6mT f10.8mT PEMFs 241 OARSI
WAL B2 5, TRe 2 T 25 AR,
FEARRAIGE b W38 A 7 5 B 1 25 Sk 2 4
AR B PEMFs 41 (0] L4, (EAS T A2 ATk
PR 2 FRENTF5 T 1Y) OA BRI ZE BB T B /N R I el AR
FERAETERE  FeAERE N . DIERMIFFER
FAK LA %1 OA #R Y th WA 2K (R 25 1B
AT UL, B 65 PR AR R T e OG5 i At 2 Tl
T 75 A2 52 5 Wl ™ B 1) DX

A5 IR KR T A )58 B PEMFs X
fRGFRI A 2 FR AN T 1) OA BBV S T B 4%
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P B RZ IR, (E AR IR AT PEMFs 5B 4CH FcE
H AR HIBLE]

4 #ig

PEMFs 1] X B OA BCE FIAK T B 4544
A RS E L fH 1.6mT F10.8mT 32 Ji ) PEMFs 1497
WO WA W B 2 5. PEMFs ] g % i R VAT I
OA AR =, R, 177 LU Z IR 7 S 4L,
SR R R 9 fe A S B R e H . A, PEMFs Xif
B OA TR I AENL T T — IR AR

S5 3k

[1] Abramson SB, Attur M. Developments in the scientific un-
derstanding of osteoarthritis[J]. Arthritis Res Ther, 2009, 11
(3): 227.

[2] Lories RJ, Luyten FP. The bone-cartilage unit in osteoarthri-
tis[J]. Nat Rev Rheumatol, 2011, 7(1): 43—49.

[3] Castaneda S, Roman-Blas JA, Largo R, et al. Subchondral
bone as a key target for osteoarthritis treatment[J]. Biochemi-
cal Pharmacology, 2012, 83(3): 315—323.

[4] Karsdal MA, Leeming DJ, Dam EB, et al. Should subchon-
dral bone turnover be targeted when treating osteoarthritis?
[J]. Osteoarthritis Cartilage, 2008, 16(6): 638—646.

[5] Hayami T, Pickarski M, Wesolowski GA, et al. The role of
subchondral bone remodeling in osteoarthritis: reduction of
cartilage degeneration and prevention of osteophyte forma-
tion by alendronate in the rat anterior cruciate ligament tran-
section model[J]. Arthritis Rheum, 2004, 50(4): 1193—1206.

[6] Funck-Brentano T, Cohen-Solal M. Subchondral bone and os-
teoarthritis[J]. Curr Opin Rheumatol, 2015, 27(4): 420—426.

[71 Yuan XL, Meng HY, Wang YC, et al. Bone-cartilage inter-
face crosstalk in osteoarthritis: potential pathways and future
therapeutic strategies[J]. Osteoarthritis Cartilage, 2014, 22(8):
1077—10809.

[8] Liu H, Yang L, He H, et al. The hemorheological safety of
pulsed electromagnetic fields in postmenopausal women with
osteoporosis in southwest China: a randomized, placebo con-
trolled clinical trial[J]. Clin Hemorheol Microcirc, 2013, 55
(3): 285—295.

[9] Liu HF, Yang L, He HC, et al. Pulsed electromagnetic
fields on postmenopausal osteoporosis in Southwest China:
a randomized, active- controlled clinical trial[J]. Bioelectro-
magnetics, 2013, 34(4): 323—332.

[10] Chalidis B, Sachinis N, Assiotis A, et al. Stimulation of
bone formation and fracture healing with pulsed electromag-
netic fields: biologic responses and clinical implications[J].
Int J Immunopathol Pharmacol, 2011, 24(1 Suppl 2): 17—
20.

[11] Ryang We S, Koog YH, Jeong KI, et al. Effects of pulsed
electromagnetic field on knee osteoarthritis: a systematic re-
view[J]. Rheumatology (Oxford), 2013, 52(5): 815—824.

[12] Li S, Yu B, Zhou D, et al. Electromagnetic fields for treat-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

ing osteoarthritis[J].
12: Cd003523.
Li S, Luo Q, Huang L, et al. Effects of pulsed electromag-

Cochrane Database Syst Rev, 2013,

netic fields on cartilage apoptosis signalling pathways in
ovariectomised rats[J]. Int Orthop, 2011, 35(12): 1875—
1882.

Luo Q, Li SS, He C, et al. Pulse electromagnetic fields ef-
fects on serum E2 levels, chondrocyte apoptosis, and ma-
trix metalloproteinase: 13 expression in ovariectomized rats
[J]. Rheumatol Int, 2009, 29(8): 927—935.

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

B, A, PPCkR, GE. Bk HUREA N SR T S AR
AN O T R R TR A R[] U R AR (BE 2 AR,
2014, (01): 107—110.

Fioravanti A, Nerucci F, Collodel G, et al. Biochemical
and morphological study of human articular chondrocytes
cultivated in the presence of pulsed signal therapy[J]. Ann
Rheum Dis, 2002, 61(11): 1032—1033.

Jahns M, Durdle N, Lou E, et al. A programmable ramp
waveform generator for PEMF exposure studies on chondro-
cytes[J]. Conf Proc IEEE Eng Med Biol Soc, 2006, 1:
3230—3233.

Jahns ME, Lou E, Durdle NG, et al. The effect of pulsed
electromagnetic fields on chondrocyte morphology[J]. Med
Biol Eng Comput, 2007, 45(10): 917—925.
Schmidt-Rohlfing B, Silny J, Woodruff S, et al. Effects of
pulsed and sinusoid electromagnetic fields on human chon-
drocytes cultivated in a collagen matrix[J]. Rheumatol Int,
2008, 28(10): 971—977.

Sadoghi P, Leithner A, Dorotka R, et al. Effect of pulsed
electromagnetic fields on the bioactivity of human osteoar-
thritic chondrocytes[J]. Orthopedics, 2013, 36(3): E360—
E365.

Wang J, Tang N, Xiao Q, et al. Pulsed electromagnetic
field may accelerate in vitro endochondral ossification[J].
Bioelectromagnetics, 2015, 36(1): 35—44.

JETUE, AN, BRELTE, S WP X R B ) e BT
0 NI B R E S AL R Wnt/B-catenin £ 5 1 1 A2 IR (7], 7O
NI (BEAER), 2015, 46(03): 347—353.

Ciombor DM, Aaron RK, Wang S, et al. Modification of
osteoarthritis by pulsed electromagnetic field:a morphologi-
cal study[J]. Osteoarthritis Cartilage, 2003, 11(6): 455—462.
Fini M, Torricelli P, Giavaresi G, et al. Effect of pulsed
electromagnetic field stimulation on knee cartilage, subchon-
dral and epyphiseal trabecular bone of aged Dunkin Hart-
ley guinea pigs[J]. Biomed Pharmacother, 2008, 62(10):
709—715.

Fini M, Giavaresi G, Torricelli P, et al. Pulsed electromag-
netic fields reduce knee osteoarthritic lesion progression in
the aged Dunkin Hartley guinea pig[J]. J Orthop Res,
2005, 23(4): 899—908.

Veronesi F, Torricelli P, Giavaresi G, et al. In vivo effect

www.rehabi.com.cn 839



Chinese Journal of Rehabilitation Medicine, Aug. 2016, Vol. 31,

of two different pulsed electromagnetic field frequencies on

62(10): 709—715.

osteoarthritis[J]. J Orthop Res, 2014, 32(5): 677—685. [32] De Mattei M, Pasello M, Pellati A, et al. Effects of elec-
[28] SCTF LA T BRI s 148 S E R W) I 1 [1]. B4k tromagnetic fields on proteoglycan metabolism of bovine ar-

HEERBHEE, 2007, (4): 35—36. ticular cartilage explants[J]. Connect Tissue Res, 2003, 44
[29] Pritzker KP, Gay S, Jimenez SA, et al. Osteoarthritis carti- (3—4): 154—159.

lage histopathology: grading and staging[J]. Osteoarthritis [33] De Mattei M, Pellati A, Pasello M, et al. Effects of physi-

Cartilage, 2006, 14(1): 13—29. cal stimulation with electromagnetic field and insulin
[30] Fini M, Giavaresi G, Torricelli P, et al. Pulsed electromag- growth factor-1 treatment on proteoglycan synthesis of bo-

netic fields reduce knee osteoarthritic lesion progression in vine articular cartilage[J]. Osteoarthritis Cartilage, 2004, 12

the aged Dunkin Hartley guinea pig[J]. Journal of Orthopae- (10): 793—800.

dic Research, 2005, 23(4): 899—908. [34] De Mattei M, Fini M, Setti S, et al. Proteoglycan synthe-

[31]

Fini M, Torricelli P, Giavaresi G, et al. Effect of pulsed
electromagnetic field stimulation on knee cartilage, subchon-
dral and epyphiseal trabecular bone of aged Dunkin Hart-

sis in bovine articular cartilage explants exposed to differ-
ent low-frequency low-energy pulsed electromagnetic fields
[J]. Osteoarthritis Cartilage, 2007, 15(2): 163—168.

ley guinea pigs[J]. Biomedicine & Pharmacotherapy, 2008,

ISPRM PRI Re s 2 RHE AR I H i

R EARTH =WEERRIA K4

2016477 J1 30 H 5, “ISPRM P e LR A I A " IEXUS 8. 85I H

WA Edi)

ISPRM A F il 284728 %  ISPRM IEE H B E & S EEE B2 SR E Bt — ERESER
T L I GRS BHE( ) AR A RA A R ST A RIS REE il s g
Tt % R A LRI & . SRR R LR BT R sk ke B RS 14
(UBRGE  TRIENF 46 B R B B E T L R £ S0 LA 38
— TE AR T B LRI % b &R AT R T e e SO 12
WLPAHESE ASBERLLS 5 DMHESE JLTE S A L DA B, S5 By 2 1] i 40
i TP 40 20 (LA FE B R ) ik 3 20 . 353 ol W 4k EREs * .
Z . THMEITSEIE 7 A 30 H,ISPRMDC K286 8 sha0 B |, 76 gk 4748 8 i i [y 20
1 024 B 5 B I 8 ) 30 55 W2 SR S SHIRIE 1T, FFHCA 2016 4E ISPMRDC  sappesy 6
BT T % 25548 TE T U2 A BE U4l 25 S e TR it 2 A 1) AR BER S s 16
W TFRAIASEE R 11T 1 PR B AR B B B R e RS ERSAR BB 40
B TE SR 3, 45 F BB AT | Rt AEREM A 10 MR LRI A = R SO sk
10 R0 P A RARAE AT o, 2 BB ST IR A0 8 S R RS Pl ey B 20
B R A KK 11 ISPRM 205 28 51 AW VM 11 28 M 045 , W03 B 7 1 48 IR 52 uﬂff;& — fi
HERE 4 B b 1 ISPRMUBCT A ISPMRBESC SRR b en
VEAS . WA SO SR B SeVF 3 AR RS LU SRR AR TR g s 0
65 AT AT A R 12 | R R AR BT 00 58 AR TTRE sy 40
. W ILESZERESER

%I H AR T ISPRM £ Jil P4 ) B 52— B0 S 1, J2 2016 4F ISPRM #1725 b ke JLEERRA 22
P50 e A I H . ISPRM A% 5 & 0, [ 5 E M K # (0 Hanry  BHFHER 12
Lew #OF S HIBHET ESHBURAS T K H I 6 KRGO ey & SRR AERE 20
SRR, 12 A7 B 1365 ) R B A A B ) EL 7 B M 5 12 ;ggi N
PR 283, R0 SIS o MR BEAIE ) IR — R 0

Kzl v e pRE A e i) FE PR Ab s g 9 22K
840

www.rehabi.com.cn





