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[ Abstract)

fibula fracture healing in rats.

To study the effects of pulsed electromagnetic field (PEMF) in promoting tibia and
Methods

animal model of artificial tibia and fibula fracture; a PEMF treated group and a control group. Radiographs were taken

Objective
Thirty rats were divided randomly into two groups after establishing the

immediately postoperatively and once a week thereafter until being sacrificed after week 5. The blood was sampled to
measure the activity of alkaline phosphatase ( ALP) and the concentration of bone gamma-carboxyglutamic-acid-con-
taining proteins ( BGP) , calcium and phosphate in serum once a week, respectively. Histological sections were taken

Results PEMF of 15 Hz and 1.0 mT could sig-

nificantly increase the amount of bony callus, significantly increase the amount of bony callus, promote the disappea-

at weeks 3 and 5 to observe the pathological change of bony callus.

ring of fracture lines and the appearance of endochondral ossification and mature bone trabecula. The amount of colla-
gen in bony callus raised and the process of callus moulding accelerated in PEMF treated group. In addition, the ac-
tivity of ALP(P <0.04) and the concentration of BGP( P <0.05)in serum increased. The PEMF of

15 Hz and 1.0 mT can obviously promote fracture healing of tibia and fibula in rats.

Conclusions
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containing protein; Serum calcium

Bassett 25110 20 HH47 70 AEAQ YA HLF Tk o
HLE 37 (pulsed electromagnetic field, PEMF) J&¥7 & T
ARG . JaR, L e n] U] T S R A ik
ST E R B IRSE (AR Sk C R IR AL )
FOAH B AEMEIR B PR RS AR JE S5 1TRYT . 24K |
WE Ve — Ry B AR T B A E A A 5

DOI:10.3760/cma. j. issn. 0254-1424.2010. 03. 004

HEUH  FRK ARPIERESTH (50477043 )

YEF B ;430030 TRIL, AR 27 [a] T 12 27 g D [) 35 12 e i
FHXIBIE R 5 ZE5HR)  HOHF AT s IBE TR F R T
FHARRE BRI (SR )

BAEVEE 221, Email : wuhua360@ yahoo. com. cn

BRI B Tz BSR4 e ]
PR RS A RITTRL, (BRI R #EE
7 L ARB I ELAARALE 2] H w7 1k A ARSI
MR A A2 TN U 3527 0 FR BERR T PEMF 2
Yo G nIVERIBLE, Sl R F P S AR 40
RS Rk

— BB AR

K [H Sigma A Al HEHEAY 2 W VU 2R (ethylene
diamine tetraacetic acid, EDTA) SifEAE BB L ; 36

[5 ADL 75 W) 42 (1) K B 1545 % (bone gamma-carbox-
yglutamic-acid-containing protein, BGP) i Hx 50 2 W Bff



- 174 - PR B e S A 2R 2010 4R 3 HE 32 B4 3 Chin J Phys Med Rehabil, March 2010, Vol. 32, No.3

1M (enzyme-linked immunosorbent assay , ELISA ) K5l
TR 5 L VA 7 I 97 2605 ARG T 2 791 <50 R L 355 TG ALl A
A

% [E BIO-TEK 4% &) 7 ELX- 800UV 7 ifg 47 A% I
A 9% [ Ak 28 ) AR P I 8 2 X R R AL ; Helm-
holtz £ B8l xCHE 7 A 4 FH IR 42 TR K ML R BT T
EhliE N 15 He, IE5RIE, 50 B S 9

= SR

28 FU G G PE Sprague-Dawley KB, KT 250
~300 g, H [RI5F B2 B SE 5 s v 4 it

= R EURHER B P A B P B e Sy R o34

FARAGER TR 1 JH, S BRENED N HE)
D7 IR IR E B b BE A Al A BT .
PL10 o/L R b Z4h3% 40 mg/kg 14T 18 16 10 SRR 1
KEUG B IAMEM EE FFARE L E AT &,
WLERE 3 TA MR B A — 1 em KAPITIIH
BEPESY B UPD P2 AN, B ER IR R i
SHEE b ERR AR TR T, R E DL EARZ 1.0 mm Y
b FER AT 2E A BT I v I IR -E R BT 2R
Pra r J5 PRk AT 28 A B iz B g e 5 FH AR B ER K
Wk, BRI 0, R R RKBRIESTEER
577 U, ARG IR GY BRI S 0 s R S VR 52 1A ER IS B
VR, 43 A AL R B2, A2 14

Y PEMF %354

RIGH 2 RIFIAXS R 45T PEMF 387 % K
BB AR 7 5 A 25 B W S 2 P 22 () (e ) 2T L) 28
SE AL, LB E BT AL 2 3 em; #E R B R
1.0 mT M5 15 Hz, BRAEH 3 h, B H 2 ([ F7

6 h), XTI AT PEMF fili#4, 2 ¥ F0865 3,5
JEIRALSE,
R FE AR

L8 X R R il T a5 1,2,3,4,5
A, FE TRV B g 0SB T o 35k 2 ) R R B X
SR M ETTAEA N,

2. ALP JEPERZIN . 430 F A i Mo AR S 5 1,2,
3,4,5 B, R A BB FR KU AR I 29 1 ml, %05
1 hJ5T 4°CLL 2500 %%/min B3 EEESC> 15 min, B
M3 . BUMRTR B E 12 h, REEK, R PR 35
WEFREL B E ALP 1% 1,96 FLAREFLINA 10 wl LT
J 30 min, K50 N 2k 405 nm BRI GAE 115 ALP
%P (U/L/min) .

3. BGP & il 43 ) F 3 B A A il A S 56 1,
2,3,4,5 JAR$ I LR 7 gk BOR BT , >R A ELISA
IR INTE BGP 5 &, 2 REAS 50 & bl B 3 R A7
FEAE KU N A 450 nm 1A IROGAE, LAWY BE(E
AEFR(Y) AN ) BGP A St e B2 A A s ( X)) VEAH

I HRER , BE i Y BGP B i il AR L ' B A Hh B oA il
LR AR TR

4. I ES WA AT 20 ) T A AT S S
5%51,2,3,4,5 ARSI FiR T R BOCRUML I , R A1E
RO I 3253000 5 5 8 - i, SR B IR $h 2 A L%
A3 TE DN A W S i, ELAR R E e & U B A5 gk
7, WL mmol/L /R,

5. SR T B 3,5 FR, 4l B AL
TR AT B2 K B4 7 H ik AbaE 20 55 i
BRREE , B H 2, FH 10% EDTA 4% i i ss 4 &,
A, Y)R HE G 0S5 9 N E Sl /N IE
PR  Masson G 00 WEE 901 P9 50 H 40 B M e i 5k
i,

NG T

SCIG AR EE DL (& +5) R, R SPSS 12.0 kit
GEiTaA N R R Ty 2 0 i it AT gt A A B

# R

— X &R

WREEE 1 R, X &4 A B fil i 5 0 e 4
KRR MEE B P4 05 W, B P 5 A R 4, A g
W, A2 ER, 6 IR 2 K U kR P A i
BT TT AL SR R BRI FHE - 1 4T 4 s ok B R T
JEHEE T, 553,4,5 AR X &R BoR M5
X HE L #0 B i T B, (H 25 5910 3 3%« )3k 2 B i T
Wl EliE 2, 8 4 R EE g &k, Ik
JHEF5- 4 B oy 240 B K AR T S AL %5 5 5 R KR
HEHPTREAN R, Firm S, s 29 r 8 i
AW S, BRI ER B SR . X IR
Wil M8, Bt b, B 5 BRI B 2R E Y
BT, WK1,

=M ALP TR PRSI 45

PIBZE 5 % B I ALP 3% 1k 35 2wt 3,
WG EE 2 FA, RS g ALP 1S PR T B dl e, 22
SHAG L (P <0.05) ;55 4,5 J&, B ZH 3%
ALP R XTI, ZR HASIT#E L (P <
0.01), W1,

= M7 BGP &G4k

2 4% BGP ¥ Tt m e, SRS 3,
4,5 JA R4 s BGP S IR &, £ R HA 5
e (P <0.058,0.01), WHFI1,

LSRR s el

2 ZH M A v B R R A, A 1A,
PR 2 AL o At R LI, (HL 22 SR G 2 L
(P>0.05);%52,3,4,5 Jal, B30 A i 38 55 vk B BH S AIG
XA, 2R A G E L (P <0.0550.01),



AR E S SRR E 2475 2010 4E 3 J145 32 5453 ) Chin J Phys Med Rehabil, March 2010, Vol. 32, No.3 - 175 -

2 IS T S T e, WA 1,5 B0 XA BEER LS E (P >0.05), HEEES
TZH IV B R A IR, E R B SR S 2,3,4,5 J&, S B i T A ol AR I B R R A v L 25
(P<0.05) , HA&uta Sl aAmE ks bm T SFERASIHTEEX(P<0.0580.01), W2,

EHER LA EREE2 A EREEIA EREE 4R EHESR S B

1000

i~ e MR T~ j X IR
B1 XZ&AREgR

F1 2 HKREIME ALP 151 K BGP MR L& F2 2 AKREUMIEES BB TS SASHE R LA
(x +s) (x +s)
=23 VT =23 ¥ =i A X7 ¥ =3 v
L 7 S v R (el
il et 14 Pl et 14
TERRT 329.75 £33.62 3.02 +0.51 TE T 1.44£0.09 3.51+0.42 4.29+1.61
EREE 1A 337.38 £45.01 3.04 +0.63 by e B W 1.40 £0.11  3.55+0.71* 4.35+1.73
TERLE A 2 A 352.75 +56. 18" 3.21 +0.74 ERE S 2 A 1.29+0.20" 3.57 +0.48  4.51 +1.39"
RS 3 JH 341.84 +98.15 3.94 +0.92° WS 3 A 1.16 £0.59* 3.51+0.52 4.64 +1.26"
WELESE 4 364.62 +25.43" 4.15+0.61" LR 4 A 1.18 £0.02" 3.61 £0.61 4.72 +1.55"
WEES 5 425.91 +47.28" 4.52£0.77" WEE S A 1.09 £0.06% 3.62 £0.46" 4.79 +1.45*
Xt B2 14 X B2 14
AR 327.94 +42.75 3.03 £0.47 AR 1.43£0.12  3.47+0.55 4.27 +1.47
R R 323.63 +22.44 3.12 £0.55 by ey B W 1.41£0.07 3.43+0.63 4.33x1.51
RS 2 A 305.67 +59.47 3.10 £0. 14 R 2 A 1.47+0.36  3.52+0.49 4.35+1.42
HERE S 3 A 287.40 +28.27 3.25 £0.66 WERE S 3 A 1.35+0.10 3.50+0.38 4.41 +1.33
TERLE S 4 A 292.03 +39.06 3.75 +0.58 ERE S 4 A 1.31£0.11  3.54+0.42 4.46+1.24
RS S5 349.96 +48.53 3.81 £0.47 EREE S A 1.28£0.09 3.55+0.75 4.52+1.37

T 5% R [0 He 42, 2P < 0. 05,2 P <0. 01 T 5% R [0 He 42,2 P < 0. 05,2 P <0. 01



- 176 - FRAE Y PSS SR E 244K 2010 4E 3 J145 32 555 3 ) Chin J Phys Med Rehabil, March 2010, Vol. 32, No.3

T AR

1 RARBRAS SRS 55 5 JRIA AT L% L B i

IR/ TR, DL 2,
oW

Xt A

2 HERUEHE 5 R EA RO (A
2. HE Be(@4528 .2 U1 7 4 R 7 418 0 4
THAE Sy B P O (L R T L B AN T
TS5 3 RN SR 0 A . 2 T T
B, I IR /INGE X B ZH A2 LAET S 90
F 5 5 ORI, HIAH © 28 4 g B B T X
AL BB 2T 4R R B LU A 2, DLIRT 3

7

 dof
EEEES A
VEa e ARIELL ;b d xT IR
3 LA S IR AR S A 3 G 5 TR B Y O
(HE %65, x 100)

3. Masson JL 45 0L . i B 45 3 JRIoR , X B4 mf
DLEFAE A 2R, BB A 22 s T f Sk i mT DUE BB
FETT R W) 9B B, K A R A ) REZH B

WD AT WA Z BT AR R, # 5 TR W IR AL
13mr LA B HCE A A (EE 28t BB /NGRS A T
AL AT WLOCTRIRR B4 1 L 0, O 2 1 B R B B B
ILIE 4,

Hra e MHIEAL b d ST IRAL
4 T X R A S A 3 SN 5 TR B A B
(Masson 4&ff,, x 100)

i i

PR PR 58 2 2 2 BT A Y B A A B 2 — | R
YlE R —Fh AR ARG i, 6 R4 3 22 T
BITEHITER @A AN A e KRR BT DL &
BRGSO B HBUS TR B IT s, B
B RMURLE SR H A —Fh FAE B R R % e 2
A, EEW BN R — a8 e m T
1B A 145 o 400 B 1 3 505 2, 27— LS TR A9 T
FICHLER TR

ALP AJ LA MLBERR AL G ), 7 A= K 1 TE AL
WEIRER B A HL 5 2 7 45 A OB R A5 TR 1
HAHLh e e BUR B @ AR, B A
Ji A3 ALP BT LLIB % AR, R I T ALP Al4E
I A TS B B S B, BDLESE r d A S bR 2
— . Lohmann %5 iF58 & B1, PEMF AJ LA 35 5 +E 40
HORA) ALP 15 ; AR S50 2= A0 A AR S S 56t UE I, Ha
Fynl DI B 1) 70 5 T 200 o 1) ok B 4 404k, DT
ShE ALP {EHTHE . B gg SRR A LY &,
Tt LR 7 2 B 1) 3 5 400 R 1 1 40 e A T
AEJE LRGP T BT A A R FIPL 22— .

BGP J& 5B 41 i 40 ) — R A P e = 3 IR TR
I, H AU U B A AR,



AR S REE 245 2010 4E 3 45 32 B4E 3 1)

Chin J Phys Med Rehabil, March 2010, Vol.32, No.3 <177 -

JE T A AR I R ) 25% , b B REE K 2% . BGP
PR A0 I A B A3 LU, KA DU B SR
INERATHE N MR AG IR, 4 B L o B A e, FLrb i BGP
e A MR, AR, b BGP K55
H BGP /KSR IEASE | R <2 I3 BGP 7K - AY
A IS IR A P 9 R T R b s T R
ARBL, B E S A, R T8 37 o6 1R o0 85 35 B4 /1N
R B 0] 70 5 T 40 i) BMP-2 mRNA 2354 B 3 A2 F
YERT, ARSEEG K% B, 5 YA AL sh ) 4k PEME ]38 LA
J& , M5 BGP & i i F 45, i — 2L Ui B PEMF W] LL$2
o BB AN DB B A RSB T B

EFPraA i, JR a5 i i e KA1
YRR AN RS A A R R EE R
— o MM ARG BEAH EAE R SR FRAE R — K
S Y Ca, (PO,), J2 CaCO, YU EE FRI S5 HE st 1
A BT P A T R R B B R B, B UL E A
Ca; (PO, ), [ CaCO;, BMEN B B ICHLER B D0TE T8
W, L, AR R BT, A R TSR A UL
DCEFRATT A S 56 485 SR rh A5 2] T 56 0 A I T A
W B E A S R TR, DA B R 7 RE SR R AR
BV 76 F B B N2 TR, BR8P 5 1o i ke
Ayl ST iR I IBE R = C Ty TS

CEETID LR BN = E R s o 1101 A A e Y
2R THI A= R 0 ThI A W LR T G = A R B A
BN OARSZIGZE B B R PEME H38 AT DL 4R 2 I A
RIK RIS ALP {5 A KM BGP & &, ] L2 #E
BEERTEFPTEAL DURR, It e A SRR, 7 AH [R] s [
P T LS T g o e L, R E TS, b

IRBIFFERT UL N PEMF 75 BHSE Y i PR ISR At 152

2 % X #

[1] Bassett CA,Pilla AA,Pawluk RJ. A non-operative salvage of surgically-
resistant pseudarthroses and non-unions by pulsing electromagnetic
fields. A preliminary report. Clin Orthop,1977,124 :128-132.

(2] BEEF, kM0 B SO, A5 S AR TT X R BB 15 47 A B S .
B DUZE R K224, 2006 ,27 :284-286.

(3] WRBURK, B, i 057 wf e i 47 @A A5G i AR AL HE AR 152
= 2524 H),2006,24 :1324.

(4] EAERN BEHON, VFH . B RRAR X B A E v A= L4845 B TGF-
B1. FEEIEH,2001,13 ;6.

[5] Lohmann CH,Schwartz Z, Liu Y, et al. Pulsed electromagnetic field
stimulation of MG63 osteoblast-like cells affects differentiation and lo-
cal factor production. J Orthop Res,2000,18 :637-646.

(6] FBEIE, AR, SR A%, 45, T 00 H i 32 %o B ) 78 5 1 240 e 14
G B ISR P9 G B U R e v AR B S 2 5 R 2K
2007,29.217-220.

(7] #fll, B, 5 AR AL br 5 B BB AR SE. v [ B BT i 2%
#%,2004,1:118-121.

[8] BOrfd, Jy B WX SO, A5, TR BE S 4) /) BB B 1) 58 I3 1 4R
2 BMP-2 1 TGF-B1 mRNA ik (20, s B s 2 5 i B 2
#%,2004,26 :262-265.

(9] WESCIE, X EHE, Y, A5 i G ad B b o e R & i AT
AR ,1989,9:200-204.

[10] F&, BRI EARR, 55 BT Ui T dn & K A E i
A AR PR B SE MR fR R A5 2224 40,2008 ,24 1215217
[11] ZEEpk B, dbnt. AR TIA: HARAt, 2004 :41.
( Wik H 491:2009-02-20)
(AR = )

* ?7% 4%'\ *

TEREEFSFEOEEEREFAELH T 2010 F£ 6 AFILREF

TE R BRoF 2350 6 Sl B F AR KRS T 2010 4R 6 1 11 HE 13 HAEIL S BIF. ARISIs 280k . &5 B AE R E KT
KB AT RS, UGH [ N AP R 2Bk AR B2 B R e RAH DG EBHRU =S 2 WO BRER R

EFSEE : [ENINEARG B R E R A AR LR G VAL B 00 AR NETR AR R G IR AIN
FHBEIR 1 e 67 BUR A R s W BIRST VEMLIATT 5 I AYT M BIR R 8 s A4 G B 5 A A +E X R A BAR R 2 0 R

S B TR

SRFRE R ARIEENIME AT R R AR B2 25 U BB O 50 R 45, BAT BER AR e b rE R s e, ik Soks i
SR PIZOR (B8 F Y 7 ik SR 268 B SCHR) 30T A B, i — R T ROAS BER , 18 SCBERT R H 22010 4F 5

20 H.
£ % A E-mail : Inkf2010@ 163. com,



	201003 13.pdf
	201003 14.pdf
	201003 15.pdf
	201003 16.pdf
	201003 17.pdf

