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BE: BN WEIRHEKREAZEMNERREFABMEHN TSR, FENAAETFHEMRERENTTE. FE
TETERME SD AR (BE 3 4 H)60 B {RE (200 £+20) g, BEHUK H 4P Xt BB 4 (Sham 41) FEIEH (OVX H) IR M
AP 4 (ALN #0) PEMFs 359748 (PEMFs 4) , B 41 KR 15 R, B Sham @ 4b, % HoAth & 447 XU SR SLEDBR A 555 30 X
Fe 44l T, ALN 44 T 004 Biae4aE 5, PEMFs 414 F RO BE5 897 . Sham LH0 OVX A F RBERRE, A TEM
RhFE . VET)E 30d BUKE BB LA B AFM MEARBREFNZEHBHEN. £8 Sha AFEFAHAEMELETER
BHESANERE SMEREEENSH AR, AR RTRARAE N (2.59 20.645) pm, OVX HT LEBEE K RNEL
BHARSAGHEFIELL, SRS EAEEHSENRE T EA(P<0.01) , BREF A ALN 4R & H W 2R
F OVX (P <0.05), PEMFs AR EHMHBES OVX ANt AVBERK, EFAFHITEETN(P<0.05) ;M PEMFs 45
AIN RS HEGEBFLHEER(P>0.05), &t EFFETHEHEEENRERKFEEEX KRERAEMIGT
EHEANETBMEHNENL, UTR SRR Y, B RS IRIT B R R T — M ERKE.
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The ultrastructure change of the of bone surface after the treatment of osteoporosis with pulse
electromagnetic field in rats by atomic force microscopy observation
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Abstract. Objective To observe changes of the ultrastructure characteristics of the femoral neck in the experimental rat model of
osteoporosis, and to discuss the feasibility of using atomic force microscopy. Methoeds Sixty 3-month-old clean class female SD
rats (200 +20g) were randomly divided into control group ( Sham group) , ovariectomy group (OVX group) , alendronate sodium
phosphate drug therapy group ( group OVX + ALN), and PEMFs treatment group (OVX + PEMFs group), with 15 rats in each
group. Rats in OVX group and PEMFs group were ovariectomized. After 30 days of the operation, rats in ALN group received
alendronate sodium phosphate intragastrically, and rats in PEMFs group received pulse electromagnetic field therapy. Rats in Sham
group and OVX group were normally fed. The rat femoral head section was collected 30 days after treatment and the ultrastructure
was observed with the microscope. Results Under the atomic force microscope, the lacunae bone and bone calcium phosphate
crystals deposited on the surface of the small officer were displayed in Sham group. The bone tissue surface roughness was 2. 59 +
0.645 um. In OVX group, the change of the size of the pit and its bone calcium phosphate crystal were in disordered arrangement,
and the bone tissue surface roughness was obviously higher than that in control group (P <0.01), suggesting the success of OVX
model. The surface roughness in OVX + ALN group was obviously lower than that in OVX group (P <0.05). The surface
roughness in PEMFs group was lower than that in OVX group, with statistically significance ( P <0.05), while it was not obviously
different between OVX + PEMFs group and OVX + ALN group (P >0.05). Conclusion By means of atomic force microscope
the surface ultrastructure change can be observed clearly after PEMFs treatment in osteoporotic rat. The effect is comparable with
that of alendronate sodium phosphate. The results provides certain theory basis for treatment of osteoporosis with PEMFs.
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B R E R 2 KR TSI 6 fir, RA K
EREEENEBRAEY — BREEBHEEZ -1
H 2525 B9 IR 58, 2001 4F % 35 A0 3 [ (= 57 1A B
TR T B G M I TS5 L 12 BT R R T SE R
HARERERERE, BIRNBEERHEM, &
BETERMEEE(BMD) A REK BN,
BRBAFEREN BER ERGHRE (LD
B BT ARG MBS, BANGTERR
WG ELZ BRENGTRAPKARERZ, &
F L XELL R R, i BK L RE S W BRIG T B R AR
EEBCEHE, LW EEERANTEEEZELT,
{H R R B SR MR B Bk v s RE 0897 B R B A
B, H 3 X HIETT B B KA TT LR, AT
T HRTHLUR BT 5.

TR T B3 TR RR S RAERF A
AN, BT EA HE R AT LUK B R R B X R T
B4 FRAT ST 4RGN E, X 2R
HFEMERERINY, BERNABERETA
BMBEX FARETWE, FR LAY ¥
B, Bk b L R IA T B R B A
T 4 25 A A

1 HHFAGE

L1 gy &

HiEH SD KB 60 H(HERER K¥LKR3h
YR )  MERE, (KE (200 £20) g, IR 3 A
RFAIREIR (20 ~25)C,HXBE 50% £ 4, H
BB 12 h, = P9 X B A, RDRE R K 35 B S o0 4R
BOARKERKKEH. MAZRKRARAE
FEHE,

1.2 AR

PR A AEARZELHLARAF,T70
mg/ &, #L5 : H20061303 ; fk 1 o B 37 76 97 1 : 75 M
AR, RS HB 320; B F I BB B AR
e PR AL, BS  Bruker/Dimension edge,
1.3 SrAfERE

iz SPSS B 7= A Y Bl AL H = R0 H 4 U BR
41 (Sham #1) . EIP LA (OVX 4H) FIE BB GIA T
41 (ALN #1) .PEMFs j8J7 41 (PEMFs 4) , 4 K K
15 R, B 5 B A B AU % ~r R A 25 U R B ik
B% Sham 40 &b Hofh 45 40 47 SUM R L VI BR A, =R
FHEITF 5% K& E B 0. 6mL/100g 5 s 1 5
BRBE, REFSEEL S % SD KB REMUBEE FFEARE
b oHEHEASE, EAEE SN, 2ET Y D

ABE R VIR E i m, PGB E%ES
ALPY B T 24 B, X4 BBk, 75% RS T
HBEEK. REBREFHER4 T UNE, LS X
Sham 20 {\ Y] Bk 519 5 &8 7 J&] B A 7 o

1.4 H{HFGB®

WG G5 30 RIT IR /0 4H T 1, HKHls Meeh-
Rubner A8 KR FU G AR &, 8B PR
BT 7% 2 0 AT 40 Pl T 4k, D A 3L R K T B AH L vk
BELETHMAT EmPesmn, e A &M, ALN 4
BFPTRERMNET N & 2 mg/(kg-d), 1 K/d,
16YT 30 d, PEMFs 4 ) ik np B3 88 357 16 97 {36 97 L 1R
SFZ ¥ H:3.8 mT,8 Hz, B RIGIF 2 Ik, HiK 40
min, 577 30 d, Sham HF1 OVX HFE ARG EF B
A TIHEMERE,

L5 WZRE

BRAEBRRKEBRE LS #TaEaEREY
VIR 5 mm 2490 5, 4% B 85 i ks U0 b IR AF T
60% ~70% WGP IHEL, ] AFM 35S H 54
LM FIRE B/DNERS# MK, IR R A
B, #fr it .

1.6 AFM B HF R

KA AFM WE, FH 3 E 512 Hz, X H 8 nm
K HHERE kA 40 N/m 1 Si;N, 2,
Bl5S pm x5 pm £ 1 wm x 1 um, DEHEER
(tapping mode) E KA M EIR T HEEMNEIr A, B
BFEHEZEMEMNEREIERFEFESENERE
X, B FEYLERE 3 Mr R FETEM, B RA S
FIBEHLERE 3 MAFEMEBALFHFIT S pm x5 um JEE
AR BN ESE 1 ARBEHAT 1 pm x1 pm
Hff, BPFHEENS5 pm x5 um B, BFBRRERHN
{8 Jj 8 (height mode) ; FAHMEE A 1 pm x 1 pm
B, BEIECRE FAHA R (phase mode) [ fH S &
(height mode) ,

BRSRE MR E S TR EHILERERAMN
EZR( um) &9 3k, HEKEGEHLER3 MR
[F) & 1, W F 4 7 K F ( Version5. 12R2; Digital
Instruments) #4753 H81 . I A R GRS Tm A
BRI T =M m A ERE, A RERBRYIE
it A 3 ¥ (flatten auto) Zb R LAV BRIB A 5 171 #Y
IR AR 7%

1.7 Hitsraks

7 FH SPSS 13.0 it TE ML x £s K
NCHEERABRRE R EZ4H, P<0.05 £
FAEREENL.
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B WS Rk R LR R
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PTG B0, {8 R B 40 P A3 0835, i L AT AL
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Hlo REZM R BBk B 1 3 7T 4 oF B 40 M
EFH AL FIESER S W, T N A B A A ik s
ML, R B N AR AR 2GR ARER T
ML 7 ) R 40 9 A FE AL . Querido 2511 g9
RERKIEG T Ik vh e B3 RS , B &1 A A
ey, FEL A T BRE JRT
U DA R i OB A RS ke B R AR
TR RN RS GRERIKA

HATE S X5 bk v B BE 516 97 B BB AL B9 ML ) 2
T ZHHERG, © 2 BG# R, H b @ Xt Kitfr
FEWEY S WBER EW Ko B 53 T B AL
KERHAEY1# e E A BT WBPRAHR, Ed
LB 2H 2 e A T 5 A8 TT LAZR A5 XS & B 2 A
FEPE AR AR IR, DA T 4 15 T B P B B T RURS: T
MR, TREW, AR ER
( micro-computed tomography , micro-CT) B BEHEF 15
RN S BT T2RG 5 RE WS
EEM, F i F R M4 (scanning electron
microscopy , SEM ) 4 1IF 55 B A 5803 WL 2 2 & 3R 18 Y
EHRAS, HE BTSN WHhTHBE
BHEMBBM R, HAREXKERT N EMER
(atomic force microscopy , AFM) i Fi T & & FhIF 55
it/ Milovanovic %*! {1 fij AFM LI £ 3 4% 2
PR B B T R R E R TR M,
T3 BOE W 2o VEAA BB 9 BRI, B I R A R
o Zhang %1 3 3 M) BPE B AR SR AR AR AT 19 & BHAR
Xt KRG BEMNSEE RERETRHE, {8k
BRI R 25 F 2R h HEBWE 2
femigli, R ERE N EMRAS K4 T2, TE
7T REEHRBBAEIRIIEARBLET &
B WL AE ) 0 2 v D M 4 4, Lin & @
AFM T 375 B W0 22 B 4 9 %5 J i i) SOV 45 4, 7 O
AT EGE-B/NEMESEMAAN R KRR
<o MBS L AFM X337 8 A 7 R ik B B B R
B, 7E AFM T, B 40 R P 85 8 S Ak 2 AR HES, B/
EWEBAE, B/DNEER 100 ~300 nm , BB 5 A1

B, KMER4 1 ~10.5 um, EF L XEIFE
HA4ME, 2/ EBMEA

AELBELERFABMENEAREAH,
P8 = 4 w5 i R Je AR 47 B B 7R, Sham 41 7] U8 B /h B2 rpr
FREREEES, B/NE 5 Z M, P AR E B M
HEEW EERERENERBEARESHAEE
HORHES , S BR s KB /NS FISER EE 2.0 B HE
B, Ry & E R XFFEM, X5 Lin Zhang
LEMEF MM —B, WE OVX 4 n[ 8 B M ] &
BRIBESR/NEA, MEX@MMEREE S5 Sham 4t
BREAREZR(P<0.01),AEHERT, RAZ X
MEFAE, B THEEEKERT, 02T KRR
o EHAREBYEH, AT T HFHREN S
R, AT RARMIEREE T —E B ER,
PEMFs 41 5 OVX 4 th %, PEMFs A7) BB HE 2
AN ETE , 40 AN, B8 RiIEHE B A ZE
LAz M ROEEEES BESITER L (P
<0.05) , M\ J7 2% e Pk £ J5 IO Bk b BB BE 36 9T 4R
KEMMTFERABARROSEREERER™,
BP Rk v B B S5 X T B BB AA BRI B A A, T
ALN 45 PEMFs A B & 4376 = 48 v B B e AR Az
ArFHaRARBESHESEASRIMENL, FHEE
EHREEEXT L 2ZE R AL #E L (P>0.05), B fk
T L 37 A0 X T BT R R N YA T B T B A P T R
HHRYIEF%,

BZALBH A AFM 85, BB rgiaT
K BE TRBL A E 5 BT BE MR 4HT6 T B TR B A E 197
RO, T AFM AE R — e fa] B2 7 fE BB 52 7 S8 7T LA
o Bk b B 35 B IR TT B SR AA BB H A BRI S
AR AR AL AT S MK AR .
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