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WE: BY HIEARSIMEFRBRAERTERMBEBNHGRER. AE KABEWNHA LT ZHNAEERE 2R
MBEEMBIYRREBREIRSE, N AERRHERRIBEN 0.5 g(g AMERE) ZER RS 45 Hz,90 Hz BH (S ~ 90
Hz) #3300 S1{E R T 3 A% SD #EdE KB 40 R BENLA A S 4, BE 8 R RA(ERREBEMA) ;45 Hz 4 .90 Hz 4 EHI(S
~90 Hz) A, BB B HIERSIA, BRIR3) 10 min, BR 1 K, BH S K KEEBN 2 X 3t 4 F. FAMBRARETRSNG
FOEBTSRAGTAMRARERET. LR A Micro-CT W B B Z 5 & & . 8 314657 (U0 & if 4 1648 7 LA & Elisa
HAAENERHER, GR RIMNBHRERTRAMBTUEANKERBERAVENBEER, RARIEREN
MEEEREMEEE - ERE LB TEHERERS. &t MERKR 28 XWARBARRIRBENRFFTURUKL
ZREHEHHTTER, SBERAABERAMEESFREEM FEENRE N RERFTRARE —EHBBEM,
HlEER LR M ENRET BEERER T ERKE.
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Abstract: To study the therapeutic effect of frequency vibration on weightlessness- induced osteoporosis in the SD rats. Methods
Weightlessness- induced osteoporosis model was established using the mature method that was widely applied in the world. Forty 3-
month-old SD male rats received 0. 5 g vibration at different frequencies (45 Hz, 90 Hz, and § -90 Hz). The rats were randomly
divided into 5 groups, with 8 rats in each group. They were control group ( suspended only) , 45 Hz group, 90 Hz group, 5 - 90 Hz
group, and suspended without vibration group. The vibration lasted for 10 min, once a day, 5 days per week, and for 4 weeks.
Rats in control group received no vibration but in the same noisy environment. Bone mass of the distal femur was measured using
micro-CT. Blood biochemistry was measured with automatic analyzer. Osteocalcin was measured with ELISA method. Results
Vibration stimulus is beneficial to the recovery of the microstructure of osteoporosis due to weightlessness and bone mineral density.
The effect of variable frequency vibration is better than that of fixed frequency vibration. Conclusion Vibration reconstitutes
cancellous bone mineral in this experiment, increases the bone mass and bone mineral density, prevents osteoporosis due to
weightlessness, and provides the evidence for clinical prevention and treatment of weightlessness-induced bone loss.
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%P FAERANBE KRR TET RN E
RN, Bk, KEFRETHERRANR
PEXEE WEEH. ATENEITBRE SIES
BHEBELATHARETERERNNAE
Y RMEX 2. Sh BHEHBRAET2HEIEEREN
ZRET, BT HBEET U R R EET HHR
WA S BIRAMIER LR RIRER AN 2Rk
HAUBBERNER, LB ERABORE. &
Z R /MR B i PR S 36 A B i 3 R 1 8
URREEE MNER, ANEFNANIE,
DL kT

B 9 9 55 € 1F B B A3 3R 4k 3l R0 A0 R B A
BLATIMAEE BE SN ERALERERAE
SE B SR, 344 4% A PT 2R B 9 R I A R B, T
SMRBRNMGEWMEE. HERRBWHTAS
R, 7ETHEHT X T BE B 8 K AL
AU, ALK E KRR A B HER ESZ N A
AHEARBZBAMNYERRE RS WER it 25
R BRI MO R B E R G BTG R A, A R B
ATBERZRNBEREEEMLEKRE.

1 HEMFEZE

1.1 ®BEERHE

ERFREZELCENMBAERAR, TEQFERD
EMEHARES, REE, EHBHES, HXE
HBSRRERGE FE. RIETRHIETEL
4 h 0 A0 40 L, TG 328 o 4 o 3 R ) 4% 3 9 B L A
R, BEBE AC:220V £+20% 5 ~400 Hz, R i@ p-
p:0 ~5 mm, NEE W E 0 ~10 g, EHIRNAKF
RS THEHRTHREZERD .
1.2 #HYnaRES

40 2 3 A& SPF %t SD KR (M F b x4k
Fl4E) JKTE 246 g + 18 g, LI ATHIHRER 3 KAGiE Mt
¥ RGN RS 4,84 8 R ERRERXR
% (CON 41) ,45 Hz £ .90 Hz 4 4555 (5 ~90 Hz) 4,
RESRIERDHE(TSH), KRS ERD, X
FARMERFEAXRBERIFLMEA(A -30CT), Kk
RETBiE, EEARE, AW A f i B HE I

REIFIR Bk, CON 415 M EIE ;5 ~90 Hz
A 45 Hz 90 Hz |RSBA(HERBSH O &
KER—HESHNE TR E LS T 10 min/d,5 d/
JAHLBR SRS, CON 4. TS A% THFEILB KM,
BRE TR, SRAMA 28 X,
L3 fRAREMERGHERRE

KE&R 4 AR, K& (4 nl/kg) 3 KRBT
RRBEIE , 20 EEhBCRE AR A, BB E OFWRM
¥, R A H 3L 7600 £ H 3 A 4 1 AU E I 7 S
(Ca) JB§(P) LA KB PERS BR RS (ALP) & &, 3 A ELISA
KA & (EE Sigma) U € It 75 B £5 % (osteocalein ,0C)
&8, KERBIRERE, R5BUE BA MRS, HF
BB EHENIA B U REHAS, Ak
BHAEFET -20 CHKFPRE. FHARERMS
TR — B BT AT
1.4 Micro CT 4} ¥ B & T S il 45 #

BT A 5 B0 B 4 0 B B AR A F R U AT 6h UK A8
mEH, TER T@%E. £ vivaCT40 (LMK BE
22515 B #2 4t , SCANCO MEDICAL A &), %+ ) bt
RPN EBEERBERBHLPE 1 mm
AET 2 mm BRI, LURB AR N EHN BB F
T 7 22 RS 1, B 10,5 wm, SRR B B 317
A EHLAE & BRI B AT A b
1 {814 3D B % & (Bone Mineral Density, BMD) L)
RENREHESSEE K2 E (bone volume /
total volume ,BV / TV) .FHFAEL (bone surface
/bone volume, BS/BV) . & /MR B H ( trabecular
thickness, Th. Th) . B /NE¥(& (trabecular number,
Tb. N). B /N B 4y B & ( trabecular separation/
Spacing,Th. Sp) ,

L5 St

8 SPSS 16. 0 34 Ab 3, I + frEE R
AT ERERN ARAM S BRI E
B, REEFZ 5P Dunnett-t 1 LS B H
ER, UP<0.05 AZEREBRHEE XL,

2 HR

2.1 BRI RREEZL

#1 BFHAZRALBFEHRER(2+s,8)

Table 1 The weight change of rats in each group before and after the experiment (z s, g)

k& 45 Hz 4 90 Hz A TS 4 CON 4
LEAT 245.8+7.9 245.8+7.5 246 +6.8 246.3 £8.8 246.1 £10. 8
LRE 306.2 £32.5 319.5 +36. 1 337.2124.2° 308. 87 +26.3° 366. 6 +34.3

.5 TS A,  P<0.05;5 CON @ H.#,2 P <0.01;

Note: * P <0.05, compared with TS; P <0.01, compared with CON
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HERIATH: LRSS HARRAEEZRTHE
5. BH 28 X5, TS HIKEB BXT CON 4,
ERBARITFEN(P <0.01) ;54 .90 Hz 1k
ERRT TSH ZHHAKER TSARAERAR
HEEX(P<0.05),90 H: AHBARAHEHF T

SCG 4 (P >0.05) ,45 Hz AKEMTF TS H, £ 7 3#
G2 EGEFARER T 45 H2 A, ZRAL
HEEX(P<0.05),

2.2 AR #EBHELEEYEL

%2 RAKBOBEBSHAGEYHBME(Ls)

Table 2 Changes of serum biochemical markers of bone metabolism in different groups (% s, g)

45 Hz 90 Hz i By i TS # CON 4
Ca(mmol/L) 1.46 £0. 12 1.42 £0.15 1.48 +0.18 1.49 £0.13 1.68 £0. 11
P( mmol/L) 1.20 +0. 31 1.21 £0.24 1.41 £0.27 1.49 +£0.37 1.76 £0. 22
ALP(U/L) 180.1+25.2° 139.0 £30.7 150.3 £27.6 140.8 £22.5 142.6 £23. 1
0C(ng/ml) 1.020 +0. 18 1.085 +0. 09 1.028 £0.19 1.019 +0. 144 1.279 £0.02

H.5 TSHEH, " P<0.01;5 CON A H$,%P<0.01;

Note; * P <0.01, compared with TS; © P <0. 01, compared with CON

ME2AM:ME Ca.PERERAS CONAR
KBEER BHETFSNHBRARABEER (P
>0.05) ; AE AT LUIF 1 TS 45 CON 4 ALP
SEXIHBXI, EREEHEEERMEAZNE
HEERBR ASHz AR TSHAFBEXF,ERA
Gt ¥FREN(P<0.01); BREW4 ALPEERT
TS 41,90HzALP FRAKTF TS A ,HERBEL %

B (P>0.05),45Hz 41 ALP & RE & F 90Hz 5
THH  ERBRITFENL(P<0.05), % CON
HE5RERAGHRYBER/N ZRERITFEENX
(P<0.01); &R ITHZEARAE X (P>
0.05),

2.3 Micro CT 4} 47 BB 4 45 # & BMD %5 5

£33 FARBERBNREWESSHE BMD M H (% £5,n=6)

Table 3 Trabecular microstructural parameters of the distal femurs (x s, n =6)

45 Hz 41 90 Hz 4 THH S A CON 4
BV/TV(% ) 0.352 +0.028 * 0.332£0.022° 0.360 +0.039 " 0.288 +0. 0392 0. 484 + 0. 080
Tb. N(1/mm) 2.713 £0.578 " 2.567 +0.406* 3.070 £0.35" 2.493 £0.2532 4.171 £0.522
Tb. Th( mm) 0.211 +0. 024 0.209 +0.010 0.213 £0.032 0.207 £0. 030 0.218 +0.026
Tb. Sp(mm) 0.379 £0.062 " 0.365 +0.052* 0.309 £0.016° 0. 487 +0. 0862 0. 265 +0. 050
BS/BV(1/mm) 16. 898 + 1. 205 17.109 +1.495 15.127 £2.037° 18.107 £1.631% 15.349 +1.463
BMD(g/cm?) 0.256 +0.041* 0.237 £0. 023 0.262 £0.045" 0.206 +0. 0254 0.319 +0.042

.5 TS 45, " P<0.05;5 CON H H#,*P<0.05;4P<0.01
Note: * P <0. 05, compared with TS; 4P <0.05, P <0.01, compared with CON

MFE3IHRATLIFES . MK CON 4,TS 4 BV/
TV.Tb. N B § 2/ F CON 41, Th. Sp.BS/BV B &
BT CONA, EZRMAFHITERL(P<0.05),
WTS 4, &M EHRNA BV/TV.Tb. NHHE T TS
HERYAEGRITFEEL(P <0.05) ;%54 BS/BV
EF TS (P <0.05), B4R 45Hz 41 .90Hz 4 BS/
BVRTSHB FTEMA, BEXHBEH, X%t ¥
BEX(P>0.05); 5 R4 Tb. Sp HEMT TS
H,ERYAERTFEL(P<0.05) ; £ RIRHA
ZE H gk, AS i 4H Th. Sp B B K F 45Hz 4 . 90H:
HOERAEZITFEN(P<0.05), 4 ZIE Th.
Th THEBER(P>0.05),

ME 3 hgHEAH T LLEH TS 4 BMD B

BEFCONA EZREHITHFBENL(P<0.01);5
TS A H. 3 ,45H2 HAE 4 BMD £/ T TS 4, =
RBWELGI2EE L (P <0.05); B4R 90Hz 4§ BMD
BTFTSH,HERELEITEREX(P>0.05) ;5
4] BMD BARL 755 F 45Hz 41 90Hz 4, Bk WEE B
£F(P>0.05), HREHARSIA BT &K EHEB R
BB MWK E Rk BMD A B Bk EBEH , &
PR B ek S K n BMD — 2R E b
B FRERRRS

3iTie

B R ERIELZKRE CITRERESTREN
FRER, REWZSHWHERLEHRE ZUELH
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PR BT LA BB T R, B B E R MU R
NEANBBIERERTHRZ —, BIEFERKBIIH
Ao Rubin ZERF 5T & B 08 755 450 A4 4z 3 0 3 5 R )
BHERERTUREHEEERE, BLBEE
&M R BRI 2 SR MR S B, LAR IR 3h
HHEERAREHEBNINR, REMREELE
ATHEREZEFENBINEREENERME Y
i, NASA RHIE 2 FBMHEXEHARNT T RS RITT
PRz BB BB EZ R MULAZE 4K L, F &t
NASA B ZiETHmBERIRZ £ KRR BE
M7 m R R i, PUBIRSIMEY—F T
Bl FERA R B R R /B R BB 36 B BB T e
HEBECITHARABTRERMBIARETAHEMNE
.

1R 2 W B 55 B2 22 3% WA 6K U8 v 430 14 1R 3h IR K
FAARSEREFHORBER"S, BERFRD
F IR Bh AT LRI By L & 7% B 55 A B P A
BB 0 Ak B BR R R A KR B A
%30 ~60Hz(0.1 ~2g) A T2 BIRFBEILBEN
F2% , [7] BsF 1 30F BA 4R 3h 0 T LA B % L IR R
BE R, ABFREIT RS 5 &5 %3 H
HERKBREN BB ER, iF B 4% 30 R8T
UREBTE FHE—EBE LTHERAIBEF T
EFTRITE, LI ESUEMHRERE-BH, &
AR ZAEARDEREE T RERNER B £
Y H %S R T 45Hz 41 . 90Hz 4 5 3% 3 Bi
N WA AP IS BB EHSERE
PIA G HY , A< B 53 U BA B 30 A {2 /% BMD i B
HREREWE A . RITWRIRTE
HIRIBE S, OM S #9 S 50FT LA A SR B/ 32 & 9 £
Y et . RN, BOVEGE HE e T B B R SR TR
MU E hEm i Y hE 5t

17 Ca P ALP OC /K ¥ 5 & 2 1F 15 5 R
WEERS, B Ca.PHELZELHRENE
W , 4B e B B R R o s R T S e 45 B A 38, A
RPSHRMSHSBEABEMN(P>0.05), KE
RETEHSEZLRAHN,HlE FTHIKGARBEH
FETE, E5 0 5 L3 N DAZE 5 I 7 45 B AR5, b o
FEBERKITITNEREMN T EE AR, ALP #
AR VEAE T M R 4n RS, ALP X34 e
BEMMAER, EHREEEAR FRRShEEs
BA R, ALP T8 — 2 B R AE RN i 3
Mo T Lee AR A ALP 5 BMD 5 B &
M2, ALP ] {5 BMD Ak By — AW A 71,

AR ,45Hz 4] ALP SR EEH T TS 4 .90Hz,
A (P <0.05); BHHABRRTT TS 4 .90Hz
A EEREHKIFEL(P>0.05) , BREKRE
FEmERf 4sH: A ERBEKR, E—EBE L
RSETHREMAEWELE, XA MF ALP § B
. OC BB MRt BE/NFEE, KB
IR, 0OCHANREHNBIEBIER, BEEAHRE
RBEITASHBAZHEFRRAZXH (P>
0.05),

EREHEEENRONE EE H4 .50
HIU R BRBENESSESHE  AHRERE, B
BRI BPIRONEH AN T REREEXE
BHIEM. Mico CTZE RIS HEE, A TUEE
e, BTN ERERTNERENFNEAR,H
EAMBLSTRGTURBAXES MRS HSH,
EERBRFIRSREDN ER A, B H
Fi Micro CT Xf B i &% f4F T A 7] 4 2 ¥ 30 0 B ik
FERMEWHTHN, EREATHH 45 Hz 4
REDEXERHUEN ENMEE NMRERRE
EEMBEER, HFATHAZEF T4 He fl, &
FHERIPr RUEFAM 45 Hz ARSI RBEAA
BEBIEEENKE, RARMNEPBR KT AT
AP  FEXREY . LY . BERFHEANESR
BiiR B RBENRBEAERRETBEENESR, UK
PEMRHEE,

EHREREZVAXMNBE R AR 28 XA R
P SR B WA BB B R LA R 25 IR kS AT
TEHR SREMARBERANER T EEHHM,
BEENRR RELBERRMRA —ERNBIRE
A AR EIEHMENARETEZREMRTER
3
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