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obdthe ol YA Utk AR A TR FUE Yosl: A AL 1 FEIA vARY BB
AEaE o EEHCYH 2L £503T ARH Ut 2y FEL o8F BL ATE I EYIY
wy

.?.
oz EYEY 5% AL gloy 1 dgiREe] oquR diAlY HZ(% VOmax)E
E2A AR Y 131‘4 AAZ F2AY 9L HEF7] A% LEFEE To] ¥
ol ATRIF Fadtth wEtA FEE B FEY U2y g sFe= § B3H% IRM) 2
g A (moment)S I ATEZA RIFEE HAs e Aol HHA sy Fo uid d84 25 F
st vt AZEY B8 FAEIF SUsts AL TFY F7 B U ol e WEdE &
T AT EEA Qo AR dUEe ofa g YA gk wEty B AFoME olgd HES
Bzl A8 $A4 8HL AA2d2 FAAE AFRSATE EHANA A LEE A ENA P
Aol A AE)d Aol mAFAT. FA9 AEFYoEH(SEN-330D)E AMoZ dAHsd ARAE 9o
U4 FFE ¥ AN A mEd A7AF0V, 100Hze. 2 03x3H)S ¥FHsigc. 21 23
100t2] 9] 7t FAlel A E AAHI}Y SALF F Squat £F5E EE FEIAT EEHEI}E 4 TE
o HdIdE ZAsn 1 2 65~70% AFele TFHS F52 st 19 155 x BHE, F3~439
Efold L 857 HEAH HFig. 1)

Fig. 1. A squat exercise for rat.

B dFoM 143 ZUx 2H4EQ) pQCT (Peripheral Quantitative Computed Tomography)® < &
g 33 AR A F&HeE Aol My, 239 HWHd F99 F9 XA S 2HsE 9 DXA
Dual-energy X-ray absorptiometry)® SolXE ZAo] E/5 D 3 2UZE A& & o dA 2™
Eo 3 dEEY HAH FEEES FYAE HolA FUnh AL &7 A% AEH Fuit A
HAL AAHY ARAHoZe HAFLEY [T FE Ho|A Fttn Almdvh. E 3 WS (cancellous
bone)d FHEY FTZRE AHE A aZEg HA2"E2 T I3 HESLS FRiE(trabecular
thickness: Tb.Th)¢] ZHTE FZ¥(trabecular number: Tb.N)E F7IAIE 59 WSS 2 EZEE
ZUA 7l Aol AHEHAY F B F2 FE(bone mass)®] FLTT e FRBUI R4S HFRIE
of FASHEM I ol He Ao vty TH Wt AUt Budy e dPdTS Y AHE
e, olAe uTe FAEE 4X87] A% 2ulMTzd Wi E FRASE PN 99st don
TP AERE EF=dL T o A FRIEY FUdE 2 d$E HAddE AE AEA FUY
e Aol M= FasrhFig. 2).

A 202 EFo 93 HAF(cortical bone) VAL FeWE Auury] Y3t W o] Y
- 2%FF 98 AESASG 2 23 e M= 43584 = (mineral apposition rate: MAR)7} 37
3+ A FH(eroded surface: ES)ol F7tete A3 Hehldd & W& &FF 5 (bone resorp-
tion)d Z7t 2 WA Fg Aol dojue AL &3 o] RS mechanical stimulatione]yt E#=®
&5 & W =¥ (bone formation)o] z‘:H?S]"E AL &3 AgaAFoes duwd ZH4E el
AL JRZRE Folxg £59 FF 2 A5 wt YoM Fwgo] EAvhe A& AAMEH. T

oo} gloj A& o] & ¥ A W (double labeling surface: dLS) 2 23] 3} ¥ W (mineralizing surface: MS)® Z7F
of o FHAYE) Zuise] a2 AT g0 AA He AL FHEAG oL HAF ddf AR AA
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o] EAlo] o)t Fe)W s} (modeling drift)E YoA R ZF EFAFT eI A AT F
radical expansion®] 93 oA 7|4 2 A9tz vz & & Y (Table 1, 2).

Table 1. Bone formation and resorption parameters of the trdbecular bone
in squat exercise rats.

Group sLS/BS dLsS/BS MS/BS MAR BFR/BS 0c.S/BS 0c.5/BS
(%) (%) (%) (um/day) (X107 um’/ unt/day) (%) (%)
1. Basal control 476£226 2041096 4421142 1.63£0.04 721%278 9.15x047 465022
2. 4wks control 300+168 124083 2741132 168+0.03 46.3+280 684035 359+0.11
3. 4wks training 302%158 16.9+0.96" 319144 1.75£0.05 562+352 5.37£0417 2.68%0.16"
4. 8wks control 279112 89+0.75 2271097 1.50£0.05 34.2+213 5.57+£0.32 3.14£0.16
5. 8wks training 349+231 137+162* 31.1+£235" 1.53+004 4811426 4.09+0.10 224+0237

Values are mean®SEM. sLS, single labeled surface; BS, bone surface; dl.S, double labeled surface; MS, mmerallzmg
surtace; MAR, mineral apposition rate; BFR, bone formation rate; Oc.S, osteoclasr surface; Oc.N, osteoclast number.

= p<0.05

+p<0.01: significantly different from the control group at the same point.

Avrvien (@) ToThism (b)
21 - 70 -
18 60 -
15
50 -
12 A
g 40 -
6 , , , 30 | 1 |
8wk 12wk 16wk 8wk 12wk 16wk
Age of rats (wks) Age of rats (wks)
~Jii— Basal control
ThN (/mm) (C) ThSp (em  (d) =+~ Age-matched control
3.1 500 —@— Resistance training
2.8 4 450
25+ 400
2.2 350
1.9 300
16 250 T T |
8v'vk 12\l>vk Evk 8wk 12wk 16wk
Age ot rats (wks) Age or rats (wks)

Fig. 2. Structural indices of the proximal tibial metaphysis in squat exercise rats. (a) Bone
volume(BV/TV, %), (b) trabecular thickness(Tb.Th, um), (c) trabecular number (Tb.N,
/mm), (d) trabecular separation (Tb.Sp, wm). Values are meanxSEM.
+ p<0.05 : significantly different from the control group at the same point.
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Table 2. Structural indices of the midfemoral cortex in squat exercise rats.

Group Bone mineral density Total cross-sectional area Cortical bone area  Bone marrow area Bone strength
(mg/ert) - (mn?) (mnf) (mnf) Ny
1. Basal control 724138 102£0.28 501£0.14 523+0.32 124+38
2. 4wks control 73324 1141023 5.85+0.08 560*0.18 198145
3. 4wks training 738+40 113+0.28 6.1210.06 3./5%0.26 22764
4. 8wks controt 774128 124%0.21 6.79£0.06 5.58+0.21 228+4.2
5. 8wks training 788+36 13.5+£0.19” 7.26+0.09 6.21+0.16" 277+59°

Values are mean*SEM.
» p<0.05
~p<0.01: significantly different from the control group at the same point.

4714 F2 AL, Ae @2 Y HAIeA dojuyn Sle THH - TFTY WA 4R
7] ZellA doiue 4T 22L& modeling@ 4 Eolx gloE Zolt. & HZEL remodeling? #o] FF
FollA SEAHCRY AHFEL dojuA deon oF FHdME FFHT dojuy, & g RlMe F
Frwt dojun e Aot WM FE A FatE e L g7 glojx e FF Aol Tl o]
19 SF4EY T4 AN AAHo2 gAE IA 1 EFTE FAA o= Y WPz FH
£ FAsHA doh ol Z2 FHe Wt EREE FUAIISH oA M & fdo] HeAd B
A

£ LY AEH -T‘Q‘ﬂ e Eﬂxl——?_iz 5 Hlatd 2% € A=A FHEAFdE oA A oo
2 BEuFo] gtk E £9FL FUEY Fdde otk F¥S viAA RIAw 1A 2HE BEAA
ALA FEY T2 FHA Jdon, 53 EAEI F5r] el FriEs, #EY Fol T 2
B A e o] g0l 23 3l

3H HFd FEEEE T dEHSY YRS FUET 250 2HAHY Fdd 7ddda Ex
Hol go. 23U 2UEY FUE MHALE TFLEM FYFL oA A3t givte Eik glen 1
A2 FWstE f2e A=Y Z=d AR Z¥TE Aol Aot o|fFE AAE T £ 9

FEFY AE, AL S & FEY Hole oy FL FoHd FHHEE dory HHE o

5
7171 91§ HAagte] AT gadee AT B8 o9 e FALF] FFEH ¥ FAZ FA
o} 1"_ '?ﬂ]’ﬂ?l ATE Hol A go By B dFdME T WXE EF5FEIF njuy &
of F3late ohE I *‘”‘E e € FAE #3ldg AEF By
HE 34~35CY & #& EF AR $£2d ¥ ¥ 20min/day, Sday/weeks] TALE
Atk &% Foe Air compressor(Oﬂ Free Bebicon, HITACHI, Japan)g ©]&3t4]
nHERLH, 34~ 40g4 —rﬂl Bo] golFo2X LFAEE HAFAAD
£9e%0 o3 I 7 ZUEE FYAE Holx st} T FR vAFZRE AHE A
TR g3 HUSL *%""‘%PE BRE 25 443 7t 2RolA Fyrh. @A FRMEol 7
dtE A4S Be 39 dA2ds E5HE & WSS YA (Fig. 3).
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Table 3. Structural indices of the midfemoral cortex in swim exercise rats.

Grou Bone mineral Total cross— sectional Cortical bone Bone marrow area Bone strength
P density (mg/em?) area (mnf) area (mnf) (mmf) N
1. Sedentary 668+27 124+1.75 59%0.35 59+0.54 188189
2. Swimming 665121 13.7+1.44 6.6+0.27 56+0.36 191x7.1

Values are mean=SEM.

+ p<0.05 : significantly different from the sedentary group.

FAdEF A dEZY A FEEY ZFue el Fdth o|RE FALFA oste] FUR #
Adte FTEF £ FAH HEo] dAAHA $FHE 8 S Boli v AE & F Utk FEHY
geig dvud £9502 AT WAL FosA Aoy Yewd ¥ 243 WAL WA age
B IREE 9T FUE Holx gUY AL HAF WA AAGegE & gFo| AXA dewW F
B FUA e AE WG}" At wEN £GLF 8 vy Rz BIE TS dEHS
o AL due WH - 938 ¥ AxE ofyy o FEY F3 Al gt FEHE WEse
7ol A AL A (Table 3)

rvrves (@) oTh(em  (b)
21 70 7
18 - 60 -
54 T

————— 50 T e ———
12 -
9 - 40
6 T T 30 T ™

8wk 16wk 8wk 16wk
Age of rats (wks) Age of rats (wks)
—{f~ Basal control

ThN (/mm)  (C) Thsp (um)  (d) ~«O - Sedentary
3.17 500 =@ Swimming exercise
2.8 450
257 M 4001 Psﬂv—’é
2.2 350
19 300 -
16 250

8wk 16wk
Age of rats (wks)

1 T
8wk 16wk
Age of rats (wks)

Fig. 3. Structural indices of the proximal tibial metaphysis in swimming exercise rats. (a) Bone
volume(BV/TV, %), (b) trabecular thickness(Tb.Th, w«m), (c) trabecular number (Tb.N,
/mm), (d) trabecular separation (Tb.Sp, &m). Values are mean=SEM.
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olg} & AFoN & F UE AL IFTEFY HA2HE $FH ¥ F &5 FILF Aolde
Zwgd glojA BEHaA Atoldo] gt Aot = £ERae TuiALe Alolole Ralo] o8 FoA=

Strain % WERY Aole] Bolg A EAVDL ¥ 4 ATk @IH AR FUEAE ndvod
928 AA2EA $59 Hge FAHTHTE T 5 QAT F4E AUA GAFIL FHAAR A
N2Ye AR  glonz 1FAY $FoRE FEHTL ¥ 4 Atk

3. 2 1Y (AYY) +E3% 2 ¥

A2 479 uHstet A I FA RE FAo] WE FokA T Utk ol 22 H
7h e AP glen I wE 1A AZe A(quality of life QOL)E ﬂ*‘/\l% Pazt sl
ol &g 7Hx FHAAN 87HI Jdoe AL WY o FuT T Y dHe=M M T8
g dste A R 2704 Agsked Ak 2 4 suEA AAFH &Fe] 2FHE 2
FHA7IY 1 F 2R FUAIede dA2Ea £Fo] doj2y EFEY WESME
itk QoA dme AT ol B ATIME DFEZA BALd Baks FBAAE dx2
gyst el ¥zt 5 el i@ $§o] B9 2FEAE d2de AL %"33}‘3&1‘»}.
22 MM JRERYH FAAE %%—ra}ﬂ Z2EFE 4 Tl FUEH uATE7}

= & Fo Fa7t % é-’?— %éE 9 A ‘ﬂﬂiﬁP
g3t Utk olAL ¢4 FHd RE opvy % FH
Zddh M2ty & dFddMe 984 2d=7t 0}14 Eﬂ A& L’E TEL dAHes 3
= & MEstgden oo B o ¢ - AH WiE AEINUL
378 25902 ¥ 9599 tower cage(l"‘O] 2m, 27%20cm, B3 W& AX)e
ez Q. duAlSE 717t F BE AE tower caged ol F3te dFJ H§ T W}
B gol8 o2 wo, FZHORE 2mY FoldA A ALHoz FHoY FS Fo
stk AAE 4N ¢8AEE CCD camera® ol 43t 1504 Ao, F&o199 Admist
el W2 gle F24E EFT 25 sec)S SAHIAT

o AT 2ol %ol g8 dEEe IejdgFe fostA Fheded, HF Uk FdE Hol

2 gtk ol AL N Hud nRFEY HAAH2 LFA 4 A B S YEhdn @ HA

1,
flo
g =
b
o 1o
k=l
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r-‘.’L' £
. rir
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>,\1
O
Ho—-%

offf & R rlo

O\I
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-l) ¥2 1]

FUE} FUAZE Bolx gloen Huy A ZFxe %E‘r 1% &% sy FL A3F Wale A ¥H
HEE Hols AL AN wEy AR #HAAEA &5 fEFY YA e SHEE =
e FE EEelGn RIS NS BYel FARE QY LEHE DE TAUIE wolk 22 2
% 3l }(Table 4).

Table 4. Structural indices of the midfemoral cortex in climbing exercise rats.

Group Bone mineral Total cross- sectional Cortical bone Bone marrow area Bone strength
density (mg/crr’) area (mnf) area (mm?) (mm) . (N

1. Sedentary 782122 147%£1.02 8.7+0.35 6.2£0.47 187+6.2
2. Swimming 798+18 182+1.22 11.5+0.30° 6.0+£0.44 224+49

Values are mean*SEM.

* p<0.05 : significantly different from the sedentary group.

a3 HuTo Bxe TF T2 BN AHRY, Sdo|y £330 98 AUBAME FRIESN FHS
A BRY Fe] FolAd 1 A EAREES —o—tﬁ/\lﬂt He¢e Byt olHd Al FH9 A9 &5
0z A7 dxsn glon gL FNAHA LEHE EY FRTRY HIE BHIuE A& 4
ot weld SEEEE we 2o 1 B 2H9 FEY Hojo g&dd 247 dE TuAIHE T4
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o] TAdl #ostE Fe)¥ 3 (modeling drift)E VoA YR AT LFEAZ e AE AARY &
radical expansion®] 93t W4 714 L & A9sn Yoz & 4 HTable 1, 2).

Table 1. Bone formation and resorption parameters of the trdbecular bone
in squat exercise rats.

Group sLS/BS dLs/Bs Ms/BS MAR BFR/BS 0c.S/BS 0c.S/BS
(%) (%) (%) (um/day) (X102 um? untiday) (%) (%)
1. Basal controt 476+£226 2041096 442+142 1.63£0.04 721x278 915047 4651022
2. 4wks control 300168 1241083 27.4+132 1.68£0.03 46.3+2.80 6.84+£0.35 359+0.11
3. 4wks training 302+1.58 169+096" 319144 1.75=005 562+3.52° 5370417 26810.16"
4. 8wks control 279+1.12 89£0.75 227+097 1.50£0.05 342+213 5.57£0.32 3.14£0.16
5. 8wks training 349+231° 137+1.62" 3112357 1.53£0.04 48.1+4.26" 4.09+0.10 224+0.23"

Values are mean*SEM. sLS, single labeled surface; BS, bone surface; dLS, double labeled surface; MS, mineralizing
surface; MAR, mineral apposition rate; BFR, bone formation rate; Oc.S, osteoclasr surface; Oc.N, osteoclast number.

* p<0.05

»n<0.01: significantly different from the control group at the same point.

Av/rvien () ToThtam {b)
21 - 70 -
18 60 -
15 -
50 -
12 4
9 ~ 40 4
6 T T i 30 i | T
8wk 12wk 16wk 8wk 12wk 16wk
Age of rats (wks) Age of rats (wks)
—Ji}— Basal control
ThN (/mm) (C) Th.Sp (¢m} (d) =<0~ Age-matched control
3.1 500 —@— Resistance training
2.8 450
2.5~ 4001
2.2 - 350
1.9 300 ~
16 T 1 | 250 T T I
8wk 12wk 16wk 8wk 12wk 16wk
Age ot rats (wks) Age o1 rats (wks)

Fig. 2. Structural indices of the proximal tibial metaphysis in squat exercise rats. (a) Bone
volume(BV/TV, %), (b) trabecular thickness(Tb.Th, um), (c) trabecular number (Tb.N,
/mm), (d) trabecular separation (Tb.Sp, «m). Values are mean=SEM.
» p<0.05 : significantly different from the control group at the same point.
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