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Dynamic study on effects of exercises intensity on biomechanical characteristics in ageing bone/WANG
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Abstract Objective: To determine the effects of different exercises intensities and exercises times on the structure
and function of recessional bone tissue. Method: One hundred and five male SD rats were randomly divided into 5
groups: one control group and four experimental groups: experimental group 1 (10min exercises every day);
experimental group 2 (20 min exercises every day); experimental group 3 (30min exercises every day); experimental
group 4 (40 min exercises every day); in addition, every experimental group was subdivided into 5 different
subgroups according to the exercises programs (1 week,3 weeks,6 weeks,9 weeks,12 weeks). All rats were sacrificed
immediately when their exercises programs were finished. Biomechanical indexes were measured with electronic
material test apparatus. Result: Six biomechanical indexes of femurs in experimental group 1 elevated slowly,
resembling that in control group; in experimental group 2 the indexes fluctuated in a large extent, at first elevating
then reducing, after that appeared a tend of rapid elevating, which were significantly different from those in control
group; the changes in experimental group 3 and group 4 were mainly identical, showing a declining tend, especially
in experimental group 4,which had great differences from control group. Conclusion: Exercises intensity and
exercises time could greatly influence on the structure and function of aging bone tissue. Moderate intensity and
long time exercises could activly influence on the retard of cells aging and function degradation of bone tissues.
improve the metabolism, structure, function and biomechanical characteristics. While high—intensity and long time
exercises could lower the biomechanical characteristics of ageing bone tissue; low—intensity exercise had no obvious
effects on the metabolism, structure and function of ageing bone tissue.

Author’s address The Orthopedic in the Second Affiliated Hospital of Nanyang Medical College,Nanyang Henan,
473061

Key words exercises intensity;exercises time ;biomechanics;osteoporosis

B R SRR R A
%EEEF ,EL,QHQ/D\E/J *ﬁ%ﬂﬁj b%iﬁ%\ﬁﬁﬁ(}ﬁ ﬁﬁﬁ * BT H R A 2E T SR E SR 9 Bh I H (2007890009 )
et FE B IR0 2 002 16 b4 B jz;?jf;'z:%fzj;j%ﬁii;?ﬂ‘”3061

L RS E R 38000 T B B b,

[ N S

I R PR IS 24 e R
oM EAE ANTER fd R B B AR FE e, i8I AL o 2 K2 BRI 4 #us I 55 2 51 B
JEH AR BTAE R T k2 —, RS ER i AR

EE, URR TR etk Witk gRgs (PRI 20T, 5, i
Wi Fie H 1. 2008-10-06



v R A PR A Ak, 2009 4F 5 24 45 58 T 601

WRIE YT, JUHORIE B s sl — EE BTG
B USRI ST SR A IR, AR SCLUE IR KRN S
X4 R B BkAE 2 T3, LRI AN W) 32 2l 5ik i Al
IR ) 1R L GUEY) )2 RS, Ol B o
BN B DI R R IR T RIS %

1 #R5HE
1.1 SERWNR55H

105 H 28—30 H % (J& T & i KB )SD ¥ i
HEPER B (L7 P B 25 R 5L i s g o 4 it ) 4
30010 72, FEAL /M AL S 40, PR 5 H, Scub 4 4
g, 25 H
1.2 STk
121 EahFE. £LRAH KRR E TRPER
BEE PN I FH e L AV R I K e N A R i
shr=A: Bakiz g, ] 0.1s , R 10 W/
min, L5 1.2.3.4 45 K5 5% 20 s 3
10min .20min .30min 40min, 1 /H , &% 6 K,
JHARE . BASEE A A I ZRET R 1.3.6.9,
12 J8 5 25, R — 28U R 25 5 T b Ah B8 BN % B
BEAT AR W) J1 o R RE I E X RR L O 41, A iEfTi 3l
Y2 FEWE SR 255 12 A IR A JEHUR , 247 £
FIFPERRIA . T K BAE B ad B R 1
122 WK1 B 2 B 2R S I A S B gl Ik il
SEFE S, 53 5 UK BRI e, R BR AR 2L R
SN i R Sl 11 = N g = =11 o N T N
FEE 17 mm, IN# A (R ) 3 R PR AT 2mm/
min ; 7% o B ok PR T 0°—36°/min, [E = WD-
10B # T2 BHASE AL, RS T K A
BRAE  RFEN R 30Hz, I J1H5 BE R 3%0, H TSC-3
AL 57 B 1% B2 OFF 86 2] 0.02mm) i s B (), 1T
AR S A (55, I 2 far —He B i 26 H 3
AbFE I RZE H S B b A AR B R AR 2D A L
T KA R REN
1.2.3  WIHER . S WeB HHTHL i R 46 28 JE 52 1 Fn
SR E PR S5 AL 7 2 R < R K AT | SR K TE N ) R R
WS, S B HC BT L A8 T 6 T R o 1 A ) g 2
TEbR AL NIEE W) 280 R /. AR pL
BB B IO S L LA (M) | R 25 B L £ () RN R
(), BRI LR B — 2% Mn—o 4R, Hh
2R B R A R 0 e R A O R A L
WIEE GIP=Mn/pp (Mn LA op R FRALK BE 1 1
B4 B AL 5% £0) s Z2 00 R B K=(f,~f2)/ (F)—F,), o .f,
KR BRI L, N G R BR | F, N IR AT L F,
Sy LA A B 287

1.3 Sl
K FH SPSS13.0 #A4, X 4% 21 AH I F8 b (1) HL 35 %
FHEAR R 5 22508, 25 R DL P H bR 1 22 R |

2 #£5

R RAE LG B aE T, 5546 3 45 9 JA
BT 1 HOE 12 JRIAETS 1 H S0 4 415 6 JEAE TS
129 RBET- 2 H 8 12 FstT: 2 B, ARIIZ:
S AN [ R ] R BRUBE B A ) 2 1 R A
AR A L2 1,
2.1 HHE NI A2 1k

2R 12 1 ANVEH AT LU, S8 1 444 NI
5 R L 25 S A W S0 2 A 3 R Y
K%, A% 6 W B, 5% M4 i, 5% 6
JEL i 22 S A7 7 3 PE B L (P<0.05) , %65 9 AR SR 12
S AR BEME L (P<0.01), LK 3 441, H
I3 T 06 T B 55 9 12 J Ik 45 ) HR 2 1) . A1
(P<0.001), Z5FFH] KT 20min B9 Il 2k AE4R
AL W 8 T 30min @I ZRFFAR T HLEE R
22 FPRBH A

R 18 298 LLE H, S50 1 A s
FUREGH ALK ERRAREEE L, LR
2 3 K, HAE 3 A AT
HEASE 6 G PR PRI A5 9 JA I I A vt BE
HHIRTHE (P<0.001), 5250 3 4 4, 721 2 7 0T
WK, FINRE 3 JBE FF i TR, 25
9 .12 JE i}, 50k R 41 B & B AR (P<0.001) , 25 SR 3%
B R A & YR AR IR S B R RS S
5o 5 I 2 0 R AT i S ) R B
2.3 WESRHLE fA ARk

R 15 3 FIVEIR T LA, 5556 1 41 5% R
MR RA D EEE X, T8 2 4 Thr 1 &
KZg18 7e5 1 i E A TRt s 3k A S 6 R,
FEoG PR EE A BN 5E 9 A5 BORT R4 W] 38 n (P<
0.001), 5 3 4 4, FE LR —IF st e b T 1%, %)
559 12 JB B BATREAIR (P<0.001 ), 255 3R T,
R R O 20 A I 2k i B e IR LA A
e R B I e ) R AT T IR A £
24 KRBT AELL

3R 128 458 T LA 1, 05 1 A E &
Km GXIRA L 22 R A B EER L, LK 2
T 1 FREE R PSS 1 S AT R
55 3 G IR PR IS 9 SRS feont BE 41 W
4N (P<0.05) . SEw2H 3 FIstgmad 4, 78U 2 B I
HEEIK  TIIZMEE 1 BE PR b T R, 52



602 Chinese Journal of Rehabilitation Medicine, Jul. 2009, Vol. 24, No.7

5 4 A FVEE 12 FEE Bt B2 B 5 AR (P<0.05) .
SERM, A E MIERE NI BE R B S
B i KA
2.5 ERIERN J175 4k

1 SHVBIR T LA I, L5 1 s
RIEN J1 SR AT B3 25 5 5086 2 4140 1 )8
FERK IS 1 JEE AR, A 3
Ja , FF AR PRI 55 9 JE S 5Ont HE 41 B S 3 m (P<
0.001), E5 3.4 4, IR WIT e KT
YIRBIEE 1 A5 F IR R F %, S2 86 4 4151028 9.
12 JA i, o0k B4 B B B AR (P<0.001) , Z5 SRR B
YR, I 2580 B X e R E B ) WA 8 3 5
YRG0, o B IR A T B e R AE R ), Ko
YIREA BRI, 18 Y58 B I A R B 5 4 =
i RIER 77,
2.6 WEIRAER WY AE 1L

2 155 6 FIBIE T LAE 1, 05 1 418 H 0k
NS e A IR EE 3 R N R B S B
Kb 2155 3 )R, 8O0 IR 41 T (P<0.05) . S5
24T HEERK 1 AR IR,
55 3 JE B R BRAL AT TR (P<0.05) 5 9 ] S 22 5
BRI (P<0.001), 5255 3 4 4, AT RS T
B, TUIZR S 1R TR T B, 5256 4 415
559 .12 JEIB, Aot B 4H B B B AR (P<0.001) , 25513
B, 11 2255 5 %o B A S T o R WA ) 2 i) e 5 A )
B 5 I 2 15 T A 380 RS8R 5 1 1 5 BB 4 1 1 T 3R
il et I AC T g et )11 2 DU R8T B R B kR A

A LI FR bR R E, S5 1 41 6 MR
PRIAS AL A — B0 Ab TR M Ko 3 5050 2 4
P S, FEAKD F- 538 I 0, S8 J5 A B s K 1) AR
TR sh 505 3 4 AR AL A — B, A b T
FREFAS M EHLSEEG 4 4100 R RO I

F1 ARNGEEARINGHENKRREED N EZEREBERHOTL (x%s)
4151 R G W ESES s R HL fA e R Anf e K IE R S 1 I filg 1 I i
(N-m/rad) (D/MPa) (D/mm) (N) (MPa) (m)])
Xif 2 0 10 114.6x10.5 21.5+2.0 0.84+0.1 29.4+6.9 140.4+9.3 9.8+2.3
S 14 1 10 115.3+19.3 22.8+2.5 1.15+0.2 30.8+11.2 140.5+£10.3 10.2+1.2
3 10 115.8+16.1 21.6+2.8 1.03+0.2 32.7+8.5 143.6+11.6 12.4+2.6%
6 10 114.9+15.2 23.3+4.6 1.0420.1 34.6+8.3 147.8+19.0 13.2+3.2%
9 10 118.6+9.8 23.1%3.1 1.05+0.2 34.849.3 146.6+10.2 13.5+3.3%
12 10 120.4+16.8 24.0+3.8 1.040.1 35.8+11.6 148.3+15.3 14.1+4.87
S 2 4 1 10 115.2£17.5 22.846.5 1.15+0.2 42.7+16.27 149.5+10.3 10.2+1.2
3 10 117.9+18.4 31.2+5.8 1.03+0.2 35.749.5 143.6x11.6 12.4+3.6%
6 10 126.2+17.9% 18.2+7.5 0.78+0.1 39.6+10.3 180.8+16.0 15.2+2.1%
9 10 126.5+13.3% 90.1+17.1¢ 2.36+0.3% 44.8+11.37 191.6+10.2% 15.5+1.3%
12 10 127.1+11.4% 91.2+11.2% 3.58+0.2% 46.8+12.67 203.3+11.3% 17.1+1.7%
SR 3 4 1 10 105.3+12.7 22.8+8.5 1.03£0.5 40.1+8.2 142.5+£10.3 9.2+1.2
3 10 102.7+11.3 28.2+9.8 1.03+0.6 32.5+7.1 135.6+11.6 8.422.6
6 10 88.5+12.8 18.2+7.5 0.78+0.4 30.6+2.3 126.8+19.0 7.242.1
9 8 72.9+7.3% 16.1£2.19 0.66+0.2% 30.32.3 118.6+18.2 6.5+1.8%
12 8 61.3+7.8% 15.243.2% 0.58+0.2% 28.8+3.2 99.3+15.3 4.8+2.2%
S 4 4 1 10 95.2+8.9 22.8+3.5 0.95+0.5 37.6+3.2 141.5+10.3 8.8+1.6
3 10 75.6+11.6 27.2+4.8 0.84+0.8 32.7+3.5 131.3+13.6 6.8+2.17
6 8 65.8+9.3% 18.2+1.5 0.65+0.1% 30.6+2.1 105.5£11.0 5.5+1.3%
9 6 57.6+8.6% 14.5+2.1% 0.52+0.1% 29.7+3.5 98.7+9.2% 3.8+1.5%
12 6 48.7+9.3% 12.7+2.2% 0..49+0.2% 25.4+3.6" 82.3+10.3% 3.8+1.7%
BEA A B — 2 5 0 A AT He e . (DP<0.05 5 @P<0.01; B)P<0.001
3 itig P R 4h 24385 N T DI B IG B 77 2

R A G URRIIR A R R R A S R A
M AL AR S5 2R . A N R R A A PR
L (83 P SR A L T 0 T R e T
TSR B W WA F) B0 25 AT, S B A
PR R T E A ) P, AR B I
PR, TR MSOAT X 8 S Y R B BT L, R R R
I, 5 T 5 1R BUsif , DR S e P 2B,

B AT TEAN BT I IV R A2 A0 377 A R R
J12EFREE A BE AN I M R AT B A5 B R o o
I REAMRIR T A AL AL . D, P RETE S ANE
HeduE BB B S A, H b A A T

A 2R B S AN IE R R 1R )2
FEVERIE 32 15 AR RO, X i AT VT E 1Y
— B AT A R FRATT R ] =R R A
AN [F)iz Bl 1) Bk R 3z 3h X 2 18 R BB A= 9 1 241
REMY SR, BFSE & B, 20min/d .6 K/ (1) Bk K iz 3
(SE5G 2 4 ) Re b b el 38 2 0 R BRUBRB 1 A= 9 T 2
PEBE ; 10min/d (932 2 (S50 1 41) B n] i3t 22 i KRR
JBe AW 1 e A BUR I A 25117 30min/d (52
55 3 2 ) Al 40min/d (SE 55 4 )12 3h , Bl iz o) 5 1]
1) JEE R DU R BRI B A= 12 M RE R R, DASEER 4
SR B G, U P I E Y2 Bl BE M S I R R



o[ B AT IS A 2R, 2009 4EH 24 3 55 T ) 603

HEY) 1o RE, as sl /N I R B R )
Sy MERETCR M, i gl i i U A= W) g 7 1 e
TR, Wolman WAy, iz sl 4B AR K 2B W) ) 27 1 5%
iy , Al PR iz B0 75 35 9 9 22 5 i SR AN TR F ST 3R
B, AR B g S s e B2 A 1 (L BR Yy 67 i
ARG A1 R 4 T 90 O T 582 ) 14 45 4 A 2
AE , R JC S B R AYE O EAYas 3 A fe gt
TR e 2 B A 1 Tz sl B e o, T o) i
B WA T, o i R AT, S EUE Y 1
R NP = S il N D P R 1414
TEH IS R 20 0 0 et A0, i el 33 10 ) R SR T
Ry /P AU R

PRIt , a3l N7 LA 38 O S0 3 °E 114 3 B0 i 2
e A, o B R SR A DR (e Bk AW )
FEARAYOLAL 30X 4 22 4 it o 8 MR 2H 2L Dy g
T EA BN X,

4 Hig

AR BB B, X1 (9 4R 4 0 2 T B 5
QK B & B B (32 Bh Ak 3 0 R L
A 1A PR RE TN S 21 440 i o 2 R LY
DR A U R S, DB A 112 B 2 AR
B LAY B AR W ) 2 R RE I AR T R R

&%k

(1] X0 o g A 2 (M. AL 50 AL RO R4 ) AL, 1998.101—108.

[2] Lee TC,Staines A,Taylor D.Bone adaptation to load:microdam-
age as a stimulus for bone remodelling [J]. Journal of Anato-
my,2002,201(6):437.

[3] A A 2 MR R 7R R, 2000.38—45.

[4] Li GP,Zhang SD,Chen H,et al. Radiographic and histologic
analyses of stress fracture in rabbit tibias[J]. Am ] Sports Med,
1985,13:285.

[5] BB 2F R, w2 3 AR A AR bR 9 B2 ma ()],
o 3 A R 22 44 7,2005,(5) : 340—342.

[6] BT, B 3C .08 Fy B 2 5 AR W O )] b AR A B R A
2007,9(6) :501—501.

[7] BWERE, VFSE3C, B TR IR A2 gl F1ME 3R 10 1R T X 25
SO BB i AR Wy e MR RE MR IR [J). P RS B R 2R
2006,25(2):187—191.

[8] EFZskmiEE. Az Iy 2 Rl E A SR I B AR TE A 45 49548 S s
AR VA7 v 4 R D). R 42 IS 2 2 7, 2005, 20(1) - 73—75.
[9] Wb A%, 7 PR sk 2= L 42 5| T ) 35 S8 ) ) %) S50 A= 9 ) 252

W F 5 [J]. 1R B 42 B 2% % 3, 2005, 20(5) : 331—332.

[10]  OCJREL S8 MAE, 29T IR I M i 37 S A7 7 X 4 BE A 05 28 &
JE 52 MR ] H R AR IR 2 2 R,2007,22(2):179—180.

[11]  VFSE3C, L0 B RS 4 & K Fs sh[J] K AR & 22 B
244 ,2003,18(2): 51—53.

[12] 8 B S IR T R S WL DY e A 20 2L R 21 W ) 2 A%
e (1] b B AU AR BF 55 5 0 PR BE AL, 2007, 11(49) :9906—
9909.

[13] 5% W K £L A B2 T3 L M E 19 B A2 0T 22 (). T el B 42 B 2
#232,2006,21(12):1140—1142.

55 mlEbRis eV IR A @

HY A 8 v A B e B A 5 T < [ BRIz sl B A D BE T T 2009 4F 8 FEAL 24T, MU “INHI Y ) S TR IS 5l
JRE A PP ISE T o o IR 83 A R e S/ N IR R AR F i MR I B P | TR A B A S R B R AT AR AT
YFZ W, LB S 5 SE BN 45 & 9T 2, 2% DU 40 b H WG [ AT SR AT I A9 32 S e A BT B TR BT ROR

BIREZERNE NHIZ hy7 Ik GEGE [T A2 3 7% 50 58 & BIE 5128 shy7 i) 5 U0 3 78 Tl AR L7 vk 5 38 sh A8 R A7

SR IT LT 5 IA 2 ST 732 Bl TR > i) iz A%

BRI AT & B RL LW IR T A0 2R B 0 KA SCIm IR BERE B0 DL 4R B ) . 2009 4F 8 J1 22 H 8:00—20:00; 4z £
M B AR EE B IR RE R R (T2 )2 ) s G UMb o v B A0 I8 e 0 M 5 B I ) ] 2 2009 4F 8 H 23—27 B e S Am itk
U2 900 T (ELTE 2= 2 FIPTRL 2%), A0 2 R £ 9% 250 2 M AT IR AR AL H I

KNGS R )G BT E R RS AE 1 25%00 10 43, 15 T 2009 45 8 A 10 i i 45 [l P25 21 . A6 50 1l 6] BH A% A6 7R 5 2
S A A ERE Y IR, BB S 100029, F8ECA; W HLIE A R TR AL, P LIS :010-84205481, FAL:
13366916938 ; Bk R A . ZRH A, H F {548 : gjwhox2@sina.com ; B S22 | ML {5 44 : grace_ma8721@hotmail.com,,





