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Effect of Free-fall Landing Training in Different Training Periods on Bone:
An Animal Study in Growing Female Rats
August, 2012
Graduate student: Hsin-Shih Lin
Advisor: Ho-Seng Wang
Co-Adpvisor: Tsang-Hai Huang

Abstract

Purpose: To investigate the effects of a time course free-fall landing training on bone
metabolism in growing female rats. Methods: Ninety-six rats (7 weeks old) were assigned
into eight groups (n=12/group), which were E1, E2, E4 ES8, C1, C2, C4 and C8. Animals of
the E1, E2, E4 and E8 groups were respectively subjected to 1, 2, 4 and 8 weeks free-fall
landing training, in which animals were free-fallen from a height of 40 cm for 30 times per
day; 5 days per week. The C1, C2, C4 and C8 groups served as the time matched groups.
Additionally, we collected ground reaction force (GRF) data from force plate on day 1 and
day 5 every week for 8 weeks. We used methods of micro-computed tomography (uCT),
static histomorphometry, geometry measurement and tissue biomechanical testing to estimate
the effects of free fall landing on growing bone. Results: Peak GRF on day 1 in first week
was significantly higher than other time points (p<<.05). In the geometry measurement of
femur, E1 group was significantly lower than C1 group whereas E4 was significantly higher
than C4 in cortical area and thickness. In addition, E8 group was significantly higher than C8
in cortical area, cortical thickness and cross-sectional moment of inertia of tibiae. In
trabecular bone formation index (alkaline phosphatase staining), bone mineral density and
trabecular architectures (e.g. bone volume ratio, trabecular thickness) of femora and tibiae, E8
groups were significantly higher than C8 groups. In addition, E8 was significantly lower than
C8 in trabecular bone resorption index (osteoclast number) of tibiae. In Biomechanical testing,
fracture load of femora was significantly lower in E1 group as compared to C1. Conversely,
E8 group was higher than C8 group in femora and tibiae. Conclusion: Landing training
would cause a transiently compromised bone material in initial phase of cortical bone, and a
recovery and enhancement in bone strength would occur following a longer period of training.
Efficacy of landing training on trabecular bone was only showed after the 8-week training

period.

Key words: exercise, high-impact, bone remodeling, animal mode
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728 2050 (landing training) @ AF7 7 12T B VRS N HER B PR 4E

$ o 47 i

RIS PR BT GRS G 40 242 F R A EH A d FHas &
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— F w e A R
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¥ tm*e (osteoclast) ﬁ& MEEG AN PR ATE {4 IL Ry
@18 € B Fad i & e chiE* (Robling, Castillo, & Turner, 2006) S IR
e X FlFH G BEHFM O A T A S B T A gy
(- ) 1% 9% (osteoblast) : H# v Apk > e w2 » 1 & A W3 F T &AW R - 2
BEHEEY > 4] B R *f#rfk’ﬂ fo o R e FAHLE L 28 F e
(Clarke, 2008) -
(=) % % (osteocyte) : # 3t iE itz % fmre » F el § 2 2 Read ¥ wie > 5
wHR AT BB wre E w2 B d ) F (canaliculi) frre iR &
(gap-junction) ¥ A; = fmP% 83 mie 2 B e AR LT F LB E SRR E Fsl AR 2
4 it 25, (Xiong & O'Brien, 2012) ©
(2) #ag e (lining cells) : p #Fm% el F 30 F &k - L ¥ wrz s L L5
7% 2 g F e (Miller, de Saint-Georges, Bowman, & Jee, 1989) °
=~ R eiE R AT

FABEE Y B s Rend e i g b e gt 4 X (EY fpI B A
= BiERRA L F £ % (bone remodeling) > F A 21T w BRFE
(=) kAL H (reststage) : s PFHF Bt Bk i > T K j Ewenie® o
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T F e ie® 20 F 2 % ehpF R (Baron, Tross, & Vignery, 1984; Tran Van et al.,
1982) ; A %Pl 53 2-4 xR (Clarke, 2008; Robling et al., 2006) ; 5 ¢F » & L FE B eh
RHERBER L2 T FIRARYE o
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4%D3> @5 F¥ 4= (Iwamoto et al., 2005) -

3. 4 £ % (growth hormone, GH) : 7 F& >t} it 2 45 4F T freijge % > GHAL

ol TR AT 8 > T B - I R E RS S 2 4 £ 715 1 (insulin-like
growth factor-1, IGF-1) # = > @ IGF-1 & ¥ % k. v AL g mre > HaEF 4 20T
*oa A d LRI (Godfrey et al, 2003) » @ E &R F M 4 & £ rF s
we o Flm BAR P S ATl i e AR o

4, %8 % (leptin) : k8 % 2 d 73 7 EXOERE T 7 M E RN R

el B TAp Rt E g drdld 2 & (Ducy etal., 2000) o g+ #F L iFT F
BT HEXEHDEHEFE 800 + > A EHHFHRFT R E L

(Bouassida et al., 2006) > F]@m > E# ¥ i FE R KB R IS KRR A 4
3z % (Guadalupe-Grau et al., 2009b) °
(=) R AR Edygd SEF P8 § £ 0@ dg 8 RA UKL iRt |
Joooia B R N 1352 FRBRTT 0 i g 4o 308
AP ROT M F A G § F 65 { ¥ 2%k (Guadalupe-Grau, Fuentes, Guerra, &
Calbet, 2009a) « 2% @ » gL 32l it v 3 FH G F 57 7 T 7 X EBAE AP M b B H0A

LR AL e e B S redn 4]

SH Bl FRTRY

—~ BWRMEE I RE e T s
Fhoi A sl g FEd 4 oo Jeig g S R A S IR el ¥ ARS8
4§ J= (mechanical loading) - s #+ § fm e &7 7 28+ N3t e Ap b4
T %P RPN (invitro) 7 - FrEpE T @ e a b eeai R
m gl end 2 & iF* 5 B (Ajubi, Klein-Nulend, Alblas, Burger, & Nijweide, 1999; Chen et
al., 2000) o g* ¢k > M F T AER Y > A G R d A B e driT A g

715 J& (Knothe Tate, Knothe, & Niederer, 1998) ° 4r i 4- %+ _EL%,%.‘« ¥ ;% (interstitial fluid



flow) 5 T3 AL PR 1 957 o RS ICE RRE f FPE > 4 AR gy
RERFFeRAL A RS 27 B RFRMWFD §UTS RGP w R4 RIS R
B AT Himie &g 1A 4 T g4 (shear stress) #-€ iE- HER X mep - @ P
AE oo de B 2t 0 FIER A A T E A R PR S BERa
(mechanocoupling) ~ 4 i & % (biochemical coupling) ~ 24 i 2t 4, & f (transmission of
biochemical signals) ~ # i sm¥# & Ji (effector cell response) = i # Z{S (Duncan &

Turner, 1995)> 7E it g # fmre g7 HF L F ¢ cnf 4 0% > AIATF AN B Fr o
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R Rl E S LML T A P SIS R Y
A FRERE A SR d AR F S forcer Rdp A o B H A A ARG B HF RN T e LB Cp & compression » T 4p
B4 B Te 5 tension> L 4p % 4 RIIFF 5 interstitial fluid flow> & 4p 25 B i i #2502 % ;0b 5 osteoblast> & 45 7% 1“2 F ¥ Ot 5 osteocyte’
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A ;:;.f‘cﬂ.f%‘iix’if%%'}ﬁ‘g‘ﬁ kB F g .?73‘« GhALEE s AL B EE R T A LA K
(strain cycle) ~ A% I (strain rate) ~ # #% i 7;% (dynamic or static strain) o @ {1 *
HNBEEASF A EFF 22— P S BTG A% S (Burr, Robling, & Turner,
2002; Turner, 1998) » = ,T}{E PR RE o NEREA D F L AR T KR
FHP@d N ENER (6] EFR RS RIRBIR TS T e ) b & KN
FRLA 2 RF A
R i N

bR R P ] TN AT 10 5 0 LR RS R
FEE RS PR FUEF R RS WE R N ST EARAG HBET o T
®FF
(- ) §% # (treadmill running)
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Fea o PF (1.41-1.84 m/s) ehF 5% F > 5 2 BP9 1.36 & (Judex & Zernicke,
2000a) > ** 60cm2z. § B % & PR 5 A B PFT B (Judex & Zernicke, 2000b) o p* ¢t >
FUAMBEHRPI R G FEY 453 od 1] msand B RPIFa g F iEr 435
12 2% € > 2 22m/sengahid APl 23 B E - F @ 12 305 cmeng & i (755 kit
3.5 48 £ (Janz, Rao, Baumann, & Schultz, 2003) -
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i\4

Kf}v\ﬁﬂi‘ﬁﬁ?ﬁé’ﬁ WG LF BT aARBE
SRR T R R B A RS R E T § BT A Fa s 0] o
7 %% I % - 3k (Huang et al., 2008b; Huang et al., 2003; Huang, Yang, Hsieh, & Liu, 2002;
Judex & Zernicke, 2000a; Notomi et al., 2000) °
(=) ¥t (tower climbing)
WAL R AR Y KRB ERF R RE S SRR A %

R BTG PR S - 3 5T R 0 I R T e
Bt i g gm o Efcd R 2 asck &% ~+% ¢ (Notomietal, 2001) ~
i 2 ze 1+ % (Notomi et al., 2002) ~ 4 2 ¥4 (Notomi, Okimoto, Okazaki, Nakamura, &
Suzuki, 2003) % # [ if & e J'r'f‘;fi% BER LT HLBUBSFFER RER TR
FFEFF 0 Fa 3 Ay 'fﬁﬂ’* pefEp A aEd o) kg7 (Rosa et al, 2010) o #X
Mot ECABEART R ESIG I RAEBFTER > @R por g ‘1'<§i’ﬁi'?5ﬂr'§ i
Fildz o aiep o EF R i o FREFHp LER > F @RS 2
R oot FPgd 2] R HEREHFIIRL I 0 PRI G EEROHERE
@b i £ (Rosaetal,2010) o # & e @B BN R F > Flot > FREHT &
R B G R D B R o R R SRR ) S B AR
(=) 4=p* (taking off)

R DR B f L g e N RT B T e 6 Ao

SRR TR E A PR (T T3 40cmB At ¥ —T 27 B R



FE2® o TP EHEART 0 R € F AR SnE R BTl A o d WA LTS

v

PR PR DS (T4 AT OLIE 4 W E ek o Tt gL R S eI S A s sral e

,
9
)
ke

SRR E F L B A A PR R R RR AT A e H B e WA e B AT R
EAZWFB G FITH 4 > ARG g F FF 47 5 i@ F iﬁ%‘«*ﬁ ol gL
(Edwards, Ward, Meardon, & Derrick, 2009) o B2 2R 4= gt #p ci® % 4 % 3 Hp -] > 2 12 4= g
AN >GRO F BRI PRE - R BHEERN PR OEE (8 F& |
F)~2igE e (R BWApEZH L) FHHE (blde 87 EF ~ =0
¥ ) AR EUE ¥ t2anr w 22/ (Honda, Sogo, Nagasawa, Shimizu, & Umemura,
2003; Honda, Umemura, & Nagasawa, 2001; Nagasawa, Honda, Sogo, & Umemura, 2008;
Umemura et al., 1995; Umemura, Ishiko, Yamauchi, Kurono, & Mashiko, 1997; Umemura,
Nagasawa, Honda, & Singh, 2008) o #X @ » b $-7] edk BE A 3038 & 4= Hp F B b P & Jf KX

TR A S A TR S TLRA > HE S B aA 4 i B

ﬁ\ﬁ

(=) T (landing)

EEEAE D ES AR RS A g A e Fr o EgRid i
HIa R BB E S G F T 4 s iea @SBRI R iEF A S T ok
ReA ARy * 2 RS > BT 0 28 60cm2 § R F B )RS R AR
PFen 7 % (Judex & Zernicke, 2000b) o ¥ “F » kw7 7B IR > jE 40cmenF R GE & B
Pogd g gE 10-15 Bk g kY 4 (Hw ) 2010) © iR L B
PEITP ¥ 2 B2 AMEE > e 2 Trp B P o e k2 BRI 1
AR TS EHN g T o J2 i A F Rt o s st B om 3t L B T (Judex &
Zernicke, 2000b; Lin et al., 2011a; Welch et al., 2008; Welch et al., 2004) » &7 5 § & i
T SR (R E 5 2010)0 Fla o BANASER A R T A F ATy B % -
R o
N TR =y e
(=) Tl

HNE R g E R RAPEF RS a R T 2 2 LEL gk Fla B



ZE X 10-30 e s EpFRA 42 N GER A 2 T F f']ﬁi%°v&rﬁba#§gf%—ﬂﬁy%
PEARBHRFI - XRR A SRBFEREE A D FH S F R R R
A EARE T Aleh- fER T R o RO AR TR R T A4
X T LT R T A S PR o
(=) #ris

§ON X B R PR E e SR B E R AR R PR T IR Dk G
Fiew 4 kg8 A G % (Welch et al,, 2004) » £ 8 & F 2 »H S &Qw s h e
FORT A FEEH]  Flot o RIS T BRTE R HOIT  A TR R e 7
by AERART TS 0 SR T R s G F (Er 4 R R AR -
(=) &* &2

B g B A 2k 2 B AiE o B P R T B A KTR M nd R o TR 6
PR OCEEE R G R T 4 2 B A 2 e F ORI A B Y g I

o MFTEEROER A PR E R 2 e diTps o

528 EREHHTRAEEL &R R
RN =y wfamvﬁ@r’@%@,@#ﬁyipiﬁéjx%a%% 1 #7%
B 245G S hH (HP eI - B ERML2ZFL 5 ) NT Bl @
B~ EEHE S~ F oK A bFE
- BB
LT RAEREHEF R PPMATE P k0 - B 1284 kT R
(white Leghorn rooster) % % @ % # # (Judex & Zernicke, 2000b) 12 ¢k » H &% & * 6.5
2 7 iF+ gwpld < & (Lin et al., 2011; Welch et al., 2008; Welch et al., 2004; +& 7% i+ & >

2010) » JeE #6750 LA AR F LN FH PRI S LD nd K0 o R

.%(3:

e P 0 e S Fend Begr 4 18 2 1:#12 TS R A sEE mska 2 o plap

ﬂ}



14

FRERRALRLETRROPE B ARG PR IRL Pf B 425 A
i

=
o

H P ITegUAFERBR o K2 }I?e B2 o1 0 Judex¥? Zernicke &
B R s R 503 60 o 4 2. 8 B (Judex & Zernicke, 2000b): % - *tWelch & 4 1 30
>~ 45 2 & ~ 60 2 & (Welch et al., 2008; Welch et al., 2004) > » ELin%E 4 i * 5140
N7 4pk (Linetal, 2011; +r% » 2010) - -2 h o FHUASABREREE

R o« TIRIF S AR a3 Ao bldrJudex® Zernicke T A @ * pd fFjc kg FOiER

P

A N R EE R BB R A B R F TR - 8

BE SRR T > Tr ot R T F AR 74 B o 23 Welch® 4 2 Lin% £ 32 24

]

FRPPEM AR HE G TR R LRI L G FIFY 4 gk rE

!

Jp koo

Welch#2 3 s 47 5% 3 Prerse g9 R L cnge & B I8% 4 d 50 %ren 13-17 B E 3 18
Yrend7 A8 E (Welchetal, 2004) B AF 7 ot AR S 2 A 542§ o 4 4-5 BREE 3
{s mren 10-15 # (Lin et al, 2011; +k% i+ % > 2010) » 3 iz L & R A & 1
(normalized) 77 547 o By & F (F% 4 il iR B AEY 0 A BT F AR B
BOFTER 4 EE I 0 R 2 et Welch &2 @ grehap 6 (4 g L
R E o S G K (TR 4 “fuiéiﬁ/fﬁ%g;i AR TR ’“‘fl}iﬁxm»‘?@é » Ay b
Wistar 2 et B2 M EA G (5L 0 g5 25, Fa g3 L p £ %% 595
B B G R ER 4 e R e o B RRERE AT R TR R R @ 3 L eh
Brdf 4 T R AR T B ARG FIEEZ R
ERNETE T

Judex¥? Zernicke % ZE$+ F:8 {7 200 =t X b+ s F =z X R4 - X 0 SHZ i
(Judex & Zernicke, 2000b) - WelchR| & # 4= & 7% % 10 =x jg 3= ~ & =X iR 4 10 #)48 ~
Zi¥7 % ~ 53 8iF (Welch et al., 2008; Welch et al., 2004) - Lin¥ + %= 3 B ¥ Welch

tplE o L% & Ling g B3 58 - @ BHEPF g (Linetal, 2011; 5% & % >2010) -



Fptoo “‘T‘ 7 ¥ JudexfrZernicke s73:E i+ 4 :

RN AL B T R

> edp - s ¢ Hpenz R

15

Azt HApA KAk o

Lo ey

%‘”ﬁ SR E‘;Fmﬁ?‘"mﬁzf—"ﬂﬁ"’pwizzzﬁk FyoE#E s g ki 3G
SRl - ROPFF AL > 8- H B RN BRG R R FH 2 E
21 R @eRed P g Pa foffn
i RE&FaK B e RHREFRRG %
(&%) (F#)
Judex & Zernicke 23t (rooster) 12 B 50-60 = & diE  EH e R pAL
(2000b) #ile (n=10) TEB BT 50~ FEH R 2 FEg
i e (n=10) 200 /% + 7 X/ EFALAle
iFo3 %
Welch et al. Fischer 344 ¢ & 6.5 B 302 60 A A Edwc F it o
(2004) 30 2 £ 2 (n=10) BT 0 105/ ¥ RO F R
60 =~ E# e (n=10) o508 flle - BER LA
= (n=10) MELR
Welch et al. Fischer 344 v & 6.5 B 45 D4 g I R A e
(2008) #H e (n=10) HE o 105%/% 05 B RAs S0 pEed
&+ A 2 (n=10) /i 8 i 5 R 0K F Rt i
© (n=10) KR8 Frl U & g
Al 2 (n=10) s
Lin et al. Wistar #¢ & 7 A 40 2 A BT w %A g it
(2011) 10 =88 &2 (n=11) RO 10K A 30 F @A
30 @ H 2 (n=11) =/% 55 % fiE Fed g RO F
42 (n=10) 1% Bl - B
CRIUE g A
i Wistar #¢8 7 B A0 NS EET  ERRRF B g
(2010) 10 & & # e (n=11) FEoo 108 30 Btk sk R oY M

30 s e (n=11)
e (n=10)

EVESEINE VS
1
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Judex £ Zernicke % 1§ 6 fi = R A & § 4 47 B or 0 pocbamand 2 2 5 (bone
formation rate) 5 PVREB FR A c P T A ERAFRIENF BT L Al
o R IFRREOAY > TEZEFTVRLTEF ARSI TRE (Judex &
Zernicke, 2000b) - Welche 87 7 R A1 > V318 = Blent § B d ook 55 R 198 F H 4 >
g WA gr s SR Pl A B 5 £ Bk ®E (Welch et al, 2008; Welch et al.,
2004) - Lin® A o 7 RIBEor 5 2 c@h s » v R 2 F 4 252 F %R (Lin
etal,2011) 2Am > fr g S F ok 88 e Sl F %ﬁf}i‘%’“ T dle (gt E
2010) o #pFRAITF H < Blem %ra 2 o (SSRGS R R A R e B (T R

FET Y A RO Y Bk 0§ FRA L RELF T R

LSS BT Y o L IR - R e AT (B 1
38 &) # PR A BN Y A TS B 2§48 o 'f 0 Lind 4 g
2Lﬂ’PﬁpibU£ﬁUiLWﬁﬂﬂﬁ%%£$%F@’E&%M@Ai5%
gred) 2 % (Linetal., 2011; +&% »2010) » 4v b L R g 0 S BUE -
BrEDF L PP IE L 16 2 (Tran Vanetal, 1982) « Fpb » KFT 7 #2308 ik 2 4

,rl ﬁﬂ};ﬁ& 2 —\_ij;]ﬂ&ﬁ_ﬂﬁ;)‘ lj“?‘f‘fﬁ%ﬂ ,E};;bel 94#\% i";g‘#‘, ,xlﬁ;_}a»g;,gz7 F""mﬁ;@

S
o
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AR 96 B EpTep A AL At A > Sk LAES Wistar o o Rz S5 < B9
b fr P S RAEEE > PR AT P c EFRVEBANHE IFSPES B
ABEAR B e R kB TR A ST R BE B e AT R E e
PEBBTIERALEF PP CHZTZHBERER S 2221 Cr kREZHEL 12
| BF s Aok 3 #4049 (Rodent Laboratory Chow 5001, Purina. Co., USA) 354 p d P~ &
3 NIRRT RS TR FEFHEIPEVEZRER Y T2 NFRD L
SRR R EURRDER B FRIAATFTHREFVEERN AP A FHHFFR

%L B €38 (Pakhis 101166) -

AP SEA T BERERE Tr e dRe  RAEfHET (£ 2):
- ~ 13 EF e (Bl 2, n=12)

d%%ﬁ%&k@ﬁ@%ﬁv%m4o S 2B R REBRETH D R
RETEFER (dosrr ) EARL | X ER IR AR HRE A XL 30 S
TR X BER 2 FRLGI0OMHEE B7 1R S T aiR TR 2 & 1Sk
&3 X gRat o
I 2%EE IR E (B2 B, 0=12)

PR N BB S 4o Bl it > BRI A7 2 E 10 X apE R Bt
HIE CER S S RKIESTSLE FEANN I -3 o]
Z AR FEE D RE (B4 2, 0=12)

PIR N  SHE AR S e Bl e drid o BRI A E T 4 F R 20 X enpE R > T30
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VR B RLI TR JHEL R
w8 H PR e (B8 2, n=12)

DU SN s B AE S e B i o vEDVRE HE T 8 B E 40 X chpER > ¥
VIR R B RL IR RTHRSE BAES 2o
I ~13¥ERe (Cl e n=12)

d R B F RIS BT IR G 40 AL B R 0 R REP AL TR LB 0E
B El e X ElApR PR TR -
2R E (C2 2, n=12)

B AEILA4e Cl feorit > % MR B2 5 a > ¥ B2 fpe R TR 0 AL
C2 i o
= N4 HEE R (C4 2, 0=12)

BB AEIL4e Cl fewrit > % U B4 w50 > X7 B4 e R TR AL
C4 o o
A~ 8 HBR e (C8 2, n=12)

W& IL4e Cl 2 d7if > % ISR E8 51 » 327 B ae ATk > A

MG TR B G140 24 2 F R DRy A EE 2 ket 7 (Lin et al, 2011) #

oI RATMOFTHRBE VBRI R AT LR S

L2 PHRVBEA

El E2 E4 E8 C1 C2 C4 C8

n 12 12 12 12 12 12 12 12
ERIE + + + + - — - -

PIRPEER 1% 2% 4% 8 ¥ 1iF 2% 4% 8 ¥

2y + = 1> L 2l s . + = o A L) 2
CX S R T EX pid 3 “z"’,ﬁﬁ v =, BT BX P b fz""ﬁﬁ
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Fo28 PREAizcirdy

G R RO LB QR ELLS A‘—ri‘r 50 (Zoletil 50 ; = 4 % zolazepam
27 tiletamine ; & 52 F 1 > 74 £ 37 1 £ 2 > Virbac Taiwan Co., Ltd, Taiwan) i {7 7%
WET UL B R B 1S ¥TER (decapitation) fR AR 0 M-fFTORF ZOLE R Bl s % 2
o HEZraret o F > HEEREARRD A TIE R A W T
- A TR R (UCT) ehik ARG -2 0Rd 2 F ke 2 0% 1 H R ©
Tt es ik BRRFAAIT REEFR L o ERRE LR T neF
BRI S .
S AP BRI e SRR A F R e R EE PR AR et 2k
& R ;5% PBS 4% (phosphate buffer solution) % # » £ 11 4855A & %18 » ¥ 3020
BRCA#HET M FAFI B - Fr4 54 BRET %240 pd&Eis -
Yo R iR B Rt T ek A T 0 4% A8 5k (formalin) J3 7% iEie 24 /) P> H TR
=~ f8i27@ 10% " 4rFi% (ethylenediaminetetraacetic acid disodium salt dehydrate, EDTA) =
BB TR GNAT > X R TROR R R I Ll P e Al

#4017 -

S d A

— ~ &3 T "%k ##45 (micro-computed tomography, pCT)
AT HEFEAEINE R FFERELIR ] KT RETA R
(Micro-CT, Skyscan 1176, Kontich, Belgium) (8] 3) &7 2 9%¥%F &4 03 i =i
ML E e TR AR it Y Imm R TR E & 65 RAF (kV) &
350 F & 32 (UA) iE TR FRR 0 BRAEE 24T R 5 9um /pixel 0 T i E 2 #
2 GPU-based scanner software (NRecon) #4 {7 8 g2 o &b Z i s of + 3R &

BHFELIFR A WA LG IERS B AT 2-3mm £ 2-4 mmeigd 2R F ol fT
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F RPN A EHRET 6-Tmm AUt 7R o

b AR S EH (CTAN) # (CTvox) 7 A 47835 B o Bfs 7 18 Sdich o]
A FE & HE AT %A (volumetric bone mineral density, vBMD, g/em’) £ 4
TR S8 B S8 WG F £ 5 (bone volume/ tissue volume, BV/TV, %) ~ # -] #2
% R (trabecular thickness, Tb.Th, mm)~ # |- #£F §& (trabecular separation, Tb.Sp, mm) £

# -] ¥R 8 P (trabecular number, Tb.N, 1/mm) -

Bl 3 Al T ek 5 B

N LA

!
g

P A BB R AT AP F m e b o 2 B ER S Tum e
B AR FREFER PR o - L PR R BRI EELF (tartrate-resistant acid
phosphatase, TRAP) % ¢ ;= > TRAPZ ¢ 4| (Leukocyte Acid Phosphatase Kit, Sigma
Chemical Co., St. Louis, MO, USA) {7 » #F% ¢ 2315 A& 10x 10 B chdgfcs™ » 3+ 8
# E’.%‘« PAEFENT 3 BRI s T RLE e (osteoclast) B P o * R & F e

CEdh m:fFI B, Fob o A X iER m:}FI Yo kg M EapifF (alkaline phosphatase, ALP) %
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d ;xiti7 > MALP% ¢ & (BCIP-NBT Liquid Substrate System, Sigma Chemical Co., St.
Louis, MO, USA) £{7-F 4 ¢ = {2 K B 217 R 1 (COOLPIX4500, Nikon, Japan)
WREAMCAL Y > 1 20x 10 B2 EFE TR LA FF rendp i TR A 78508 (Image
Pro Plus 6.1for Windows (Media Cybernetics, Silver Spring, MD, USA) :i& {7 & $7 823+ & o
b RIE e P A AR gt B 2 SR A e %7y (Huang, Lin, Chen, & Yang,
2011) > F-tmbcit dotbi s fordhz -
S ReRdpS FEEREe ST

A TR Y ATt ez BER TS ;ViE 7 (Huang et al., 2008b)e = BLR ¥7ea L L
FEAE 20mm v % = BER| U E fi4e Immersg R S L AFEER S oe TR o v R R LR S
R o A B IR s o BT 7 AT e dh i AL P 3 % 5L (material testing system)
(MTS-858, MTS System, Minneapolis, MN) (Rl 4) &7 > F S 42¥ nf jr-7; % #cdy

(loading-deformation) i% EMTS-858 #1752 i F AL FE B~ gtz & o

B 4 iRk

S b ARSI T (TG SRR R F T RAP T 25 B OBAcE

Jo R F RFEHLAIE T 0 B0 E_ﬁ%‘« 1o dpHET Ko SIS E B s 47 4 5 Image Pro
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Plus 5.1 for Windows (Media Cybernetics, Silver Spring, MD) i#] £ e 5 %75 ohE 15 58
e - B e g B | £ 48 (cross-sectional moment of inertial, CSMI) 2. #* o H 3+

e a4 A5 gy (Huang et al., 2008b; Turner & Burr, 1993) » f§ i 4T

n

| = 2 (wh¥/12 + whd?)
i=1

| 2@ £48 0 n 5 P 8 (pixel) dcp > wfrh A 85 - Bpk B
BRELR A FHE R 0 FALDF T R PGB RS o 2t b > B R K ¥
I %G b f§ (cross-section area)~ L F ¥ % §# (cortical bone area) ~ ¥ #¢%% % f# (bone
marrow area) ~ 4 F ¥ 5 & (cortical bone thickness) ~ %1% B B & T A o

Wt Bichp et AR BT E OB TIEE 5 TR R R
7 (yield load, ¥ i+ : N) ~ %74 § /= & (fracture load, ¥ = : N) ~ £ "% KRE*TF L & &
(energy to yield load, ¥ = :mlJ)~ "% K213 %7 % &t £ (energy to post-yield, ¥ = : mJ) %
R 974] 12 it £ (energy to fracture load, ¥ = : mJ) ~ K|+ (stiffness) °

mE TR g e ff £ AR T R e T i FE X BT B R (KB 4
(vield stress, ¥ = : MPa) ~ *# k8% & (yield toughness s, ¥ = : mJ/mm’) ~ #§ < ¥k
(Young’s modulus, ¥ = : GPa) » 2} Aphf ezt 5 o 50 5 ¢

B4 E (o) &3¢ o=FLc/M4l
% e (e)=12cd/L?
< e (BE) 238 @ E=F/d*LY/481
B vcxn Foapedt i FffmiE s dAif LAS BLFRniedp e 5 M REf F a2
FRELEA EAL02% A A E o Fep FF 43 A5 3 (Huang et al., 2008b;

Turner & Burr, 1993) -
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N AR N S 2

MG E G R (e% 4 2 b g A 45 ens 2 £ 54 A% gt g erie 7 (Lin et al.,
2011; R & % > 2010) » 2 £ #]74 %" (hindlimb) 5 1 o ™~ @3 e

v

Y Sij‘ (HZIO) 4
BEFFF2X(FFPE - 25T a0 ) 83 16 BREFELGE 6 F (8% 4 pIE
A PR U T

(=) 44 sy (BS)

2

Srig 2 R4 A R 2R 30cm RS > P2 e Eh A R4 B

50N 2_j= £ 3+ (load cell, MDB-10,Transducer TechniquesR, USA) - & Bl erficdp d 53+

BE TR L (2 2 TP £ InstruNet-100 £ F AL FFP~+ InstruNet-230) > & &
BHEF 5 100 HZ » B~18 18 ¥ @ 3% 7] 1

=

W S5p LR FERE

HIAZAF IBARFEF CEFHRME L IDLIBALE

%% -



24

FRBEPA TR L O pPEhEe =¥ (B 6) “TER Y 5d 5§ Bk

w2 ¥ 0 418 2 Image Pro-Plus5.1 838 & (8 3 A% o
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I:1 o2 ® 0
F4
a
f+f,+f,=FR+F +F+F, (1)
a(F3+F4):Mf1+a2fz+a3f3 )
b +b
b(F2+F3):—( o 1)f1+b2f2+b3f3 3)

W75k e ?J‘Eﬁ’%ﬂ.i‘
3£ 1 F1,F2,F3,F4 5 + &% pre 3¢ load cell #7ip| ¥ hd & ;a,b 5B+ kel & 5 1l
S HrE e I GRE end 4 5 2, f3 R4 %] 5 e+ B GRF - 0,1 5 % %riE s =

B 23 A i8%riE e mE o d 30w B load cell ¥ @2t E e & 4ren GRE > 2w %ren

"

GRF # 2L A 3 enE 8o F]QL-mgrenpk (8% 4 L3 5 - B4 2 B M &4 L8 &

WO b BL e B o

(w )RR ¥ G K (E% 4 dinies 4 2

2. BAFETERE I AR TR T A ERPAFNE R EZ THof o BAE P

Holo 5 TR ’A:i..‘s_a%t;’iswé‘gfigJ‘J-ifﬁfi‘a@f?%’ii °

3. B4 Pk A ﬂ%ﬂ?g“% TRFREIRE 2 g@ ™ 500g (#E 249 2£3)
2 RFARE TR A ke FERLF AR L TR BTN E R E S 1225 2 2

4. % BLAupl 4 4F Bcdho R AR B

¥

5. Matlab 42538 3 2 ot B & g R4 A7 Rkl ool R IR Gl F R R AReiE
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¥7 & Biodm

AFHETEZHME S LHELRE R RAE AR nF 2 A B E el AW
PR s 254 FRUTPR S YT S EKE > EF e BREFEOFEE R ESH
PRt ptdies 1L SPSSI12.0 ¢ v REEHM > Y At T NP RER
% 0=.05 -

A

B e BER BT YR B BF A LT R LB A

.

AAGUEFF R R EASITERFT 0 F p<05- 12 Scheffe 2 (FE (85 e o
Bo kR A ZRRRE2H 0 3G 16 BERL NEFS SRR EAITERLPE

PEL} mEEF LB > % p<.05> 12 Scheffe i# & 7% (5 o
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AR RAF R AT D A A R LT SRR - IR S0 GUL e B D e
HRE O E I - PMEFRE R 2 ARG R R 4 e
¥Rt 4

B I AWyt 2 s uchli A FRAEBHT B S -
LR CEA L LF EAR

Fooi YRBAVREEFVREAFREAYL VR
AT EREE BRERR L LG RV ERERE S0 R PR
we o

RN BB R AR AT o AT R ek 3 BF

*“} mw
%
=t

.,i/i' ;{ﬁ ,’ft%"' ﬁﬁ a

-
RS 0 AR DR e H R M E R ) F R FL
2o

Tk S TR B L AT R e g R G 5 10% 0 2 2 18 % 5 20%

-

B4 TEE 8k (A A Ui 25% 40% N3 4o -

FTHEHAERFVRIT EREHF G 2 L o AFTRIEAN P S ERES B
L o SLRRA NS R B R E hA TR L AR 12 BF
fim 4 R4 (R 4)ople o EBpanE M BRERT B2

L R R W MRS RN W *“ﬁ“flﬁ:zﬁ‘ﬁﬁﬁﬂﬁb‘w*ls BrE A £ A g o
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1-Week 2-Week 4-Week 8-Week
El Cl p E2 C2 p E4 C4 p E8 C8 p
n=12 n=12 n=12 n=12 n=12 n=12 n=12 n=12
PR (g) 202.6+2.6 202.8£3.3 969 207.6+4.3 205.3+4.0 .703  208.0+£2.4  207.9+2.7 973 210.3+2.8 207.8£2.1 478
P () 223.0£2.9 222.6+4.5 934 2438+4.5 244.7+53 902  257.743.6  260.0+4.0 .676 290.3+4.2 285.8+7.2  .595
4 Bt T 0k £ REEA A -
* 4 LREFRER
1-Week 2-Week 4-Week 8-Week
El C1 p E2 C2 p E4 C4 p E8 C8 p
n=12 n=12 n=12 n=12 n=12 n=12 n=12 n=12
L (mm) 32.6£0.1  32.5+0.1 412 33.3£0.2 33.2+0.2 .724 34.6£0.1 34.4+0.1 .260 35.6£0.1 35.44+0.1 .252
g f (mm) 36.6£0.2  36.5+0.1 .689 37.2+0.3 37.2+0.3  .929 38.3£0.1 38.5£0.1  .296 39.4£0.1 39.2+0.1  .151
L (cm) 20.3£0.1  20.2+0.1 738 20.2+0.1  20.2+0.1  .711 21.1+0.1  21.1+0.1 1.000  22.0+0.1 21.8+0.1 .143

Ty BoE T £ R A G oI C8 IRt R Rk Al 11 e
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FDI& AERiama kTR 4 g0
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1-Week 2-Week 4-Week 8-Week
El Cl p E2 C2 p E4 C4 p E8 C8 p
n=12 n=12 n=12 n=12 n=12 n=11 n=12 n=12

g lf 24 (mm*)  6.67£0.30 6.96+0.31 .505 6.46+0.36 6.70+0.37 .656 8.40+0.45 7.41+0.37 110 8.79+0.51 8.18+0.35 332
A & (mm®)  6.24+0.15 6.78+0.12 .009*  6.43+0.26 6.45+0.13 .949 7.25+0.09 6.81+0.10 .004%  7.80+0.10 7.59+0.14 219
F 4% & 4 (mm’)  10.77£0.21 10.85+0.31 .826 10.67+0.28 10.76+0.27  .827 11.67+0.23 11.00+0.27  .072 11.92+0.26 11.74+0.18 570
F #8725 # (mm’)  4.53+0.12 4.07+0.23 .101 4.24+0.23 4.31+0.25 846 4.42+0.17 4.19+0.21 412 4.11£0.19 4.15+0.13 .879
AEH B R (mm) 0.63+0.01 0.69+0.01 .000*  0.66+0.02 0.66+0.01 .994 0.72+0.01 0.69+0.01 .030*  0.78+0.01 0.75+0.01 122
%% B & (mm) 3.32+0.04 3.34+0.04 796 3.28+0.03 3.27+0.04 .908 3.47+0.05 3.35+0.04 077 3.37+0.05 3.38+0.05 .890
%5 % & (mm) 4.10+0.07 4.06+0.10 704 4.13+0.08 4.21+£0.08 481 4.17+0.06 4.05+0.07 175 4.36+0.05 4.34+0.05 755

g BB T ol £ R A T o *Am P05 BRFEHELE -
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1-Week 2-Week 4-Week 8-Week
El Cl1 p E2 C2 p E4 C4 p E8 C8 p
n=10 n=12 n=10 n=9 n=12 n=12 n=12 n=12

g lf 24 (mm*)  3.50+0.22 3.50+£0.29  .988 2.91+0.19 3.17+£0.24 402 3.56+0.20 3.40+0.16  .535 3.87+0.10 3.41+0.16 .020*
A & (mm®)  4.50+0.13 4.32+0.15 .381 4.23£0.21 4.59+0.19 220 5.13+0.11 5.07+0.11  .728 5.43+0.07 5.09+0.10 .010%*
F e & 4 (mm’)  7.51+0.22 7.40+0.35  .813 6.86+0.31 6.87+0.33 992 7.44+0.20 7.31+0.16  .612 7.58+0.12 7.33+0.17 244
F #8725 4 (mm’)  3.00£0.20 3.0840.24  .819 2.63+0.27 2.27+0.16 276 2.31+0.12 2.2440.12 660  2.15+0.13 2.24+0.11 .600
AEH B R (mm) 0.55+0.02 0.52+0.02  .268 0.54+0.03 0.59+0.01 125 0.65+0.01 0.65£0.01  .922 0.70+0.02 0.65+0.01 .009*
%% B & (mm) 2.86+0.07 2.89+0.07 .803 2.76+0.07 2.73+£0.06 727 2.86+0.06 2.78+0.05 290  2.88+0.04 2.7540.04 .036*
%5 %2 (mm) 3.40+0.07 3.26+0.09 236 3.18+0.10 3.28+0.08 483 3.33+0.05 3.33+0.05  .956 3.36+0.04 3.38+0.06 .869

S Bl T ol £ R A T o *A T P05 BREHELE -
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£ 8 FRARAANTBE

APTORA TR RAE AP R AL A RATREE F L
(micro-computed tomography, uCT) & {FR[E T & & F H R E2 B WE S BINs
{7 it
- ~ % % & (bone mineral density, BMD)
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EHDRT AR B ERAG T BB H AN F SRR AP0 %
AANFPRE > AFENF AT ERE AT R EFE N THRE e

A P A ARITRE ¥ kB2 b (p=051) (% Tir% 8)-
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07 R ANE B

1-Week 2-Week 4-Week 8-Week
El C1 p E2 C2 p E4 C4 p E8 C8 p
n=12 n=12 n=12 n=12 n=12 n=12 n=11 n=12
8 F (%) 17.9+1.4 19.4+1.0 .386 19.0+0.9 19.9+1.3 .564 19.4+1.1 18.9+1.5 782 17.6£1.0 12.9+1.0 .003*
E B (um) 100.4+1.4  100.8+1.1  .824  106.7+0.9  109.5+13 096 115527  1157+25 961 118322 110519  .013*

#cp (1/mm) 1.77+0.12 1.924+0.09 316 1.78+0.08 1.8140.10 .804 1.68+0.08 1.62+0.11 .658 1.49+0.06 1.16£0.08  .005*

e (um) 556.9+12.7  5353+12.1 232 567.7£184  556.7+10.8 611  624.1+103 5985155 185  6312+17.7  657.7£18.0 307

rF BT e + R EEA T o ¥4 T p<05 R ENFLE -
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1-Week 2-Week 4-Week 8-Week
El Cl p E2 C2 p E4 C4 p ES8 C8 p
n=12 n=12 n=12 n=12 n=12 n=12 n=12 n=12
i A (%) 14.8+0.9 15.0£0.9 .845 14.4+0.7 15.7+0.7 178 20.1£1.0 17.9+1.3 206 16.8+1.3 12.6+0.8 .013*
E & (um) 85.3+0.9 87.4+0.7  .080  93.1%1.7 93.4+0.8  .879 1059427  103.5+1.8 356 1154432  103.5+1.3  .003*
e p (1/mm) 1.72+0.10 1.71£0.10 .964 1.54+0.06 1.69+0.07 136 1.89+0.08 1.71+0.11 208 1.43+0.08 1.22+0.07 .051
i §E (um) 972.7£14.1 1012.7+14.7  .061 1027.9€11.4  979.6+£27.2 116 1064.5£15.7 1028.1£18.2  .144 1113.4£13.3  1095.2+11.2 .307

rF BT e + R EEA T o ¥4 T p<05 R ENFLE -
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1-Week 2-Week 4-Week 8-Week
El Cl p E2 C2 p E4 C4 p ES8 C8 p

n=12 n=12 n=12 n=11 n=12 n=12 n=12 n=12

¥ kEL ﬁ Y= (N) 82.41 86.16 .092 95.21 87.11 252 101.45 101.35 .989 117.76 99.10 .003*
+1.16 +1.78 +4.15 +5.58 +2.68 +6.87 +4.40 +3.48

75 f FE (N) 67.07 76.84  .049*  86.55 86.79 960 11540 11925 412 126.7 111.86  .009*
+3.43 +3.19 +1.87 +4.41 +3.04 +3.46 +4.08 +3.24

FE L R ELATF ey ® B (mJ) 39.76 40.96 .803 40.74 35.93 236 25.49 28.36 488 36.37 27.69 .024*
+1.58 +4.56 +2.76 +2.82 +2.54 +3.21 +2.39 +2.66

R ELTS ST ot e BB (m)) 39.81 34.32 384 34.48 30.78 678 24.8 2587 843 12.12 1443 517
+4.56 +4.20 +6.17 +6.25 +3.65 +3.30 +2.04 +2.86

FETH E e oa £ E (m)) 79.57 7529 484 7522 6671 418 5037 5478 340 4849 4213 126
+4.38 +4.13 +7.74 +6.67 +3.32 +3.07 +3.03 +2.61

MR (N/mm) 107.08 104.21 677 154.87 141.33 498 315.16 265.00 101 267.01 27145 877
+4.24 +5.20 +12.08 +15.70 +18.70 +22.61 +18.65 +21.52

A BE M T3 £ B EA T o FEA T p<05 BREEFL

Z

2o
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1-Week 2-Week 4-Week 8-Week
El Cl1 p E2 C2 p E4 C4 p ES8 C8 p

n=12 n=12 n=12 n=11 n=12 n=11 n=12 n=12

L fkfgé)f& 4 (MPa) 118.92 117.26 816 138.17 126.00 322 120.33 130.07 350 131.20 115.98 .067
+4.50 +5.41 +7.67 +9.32 +5.27 +8.96 +5.71 +5.45

"% KEEE# B (m)/mm’) 3.27 3.38 784 3.26 290 311 1.74 203 281 2.32 1.87  .091
+0.22 +0.32 +0.25 +0.24 +0.15 +0.22 +0.15 +0.21

T;' = l/f‘g{ (Gpa) 2.73 2.51 263 4.10 3.74 552 6.41 6.34 925 5.31 5.58 713
+0.16 +0.10 +0.37 +0.47 +0.50 +0.49 +0.58 +0.46

S ReE T Mol + HEIERA T o
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1-Week 2-Week 4-Week 8-Week
El Cl1 p E2 C2 p E4 C4 p ES8 C8 p
n=12 n=12 n=12 n=12 n=12 n=12 n=12 n=12
tREEE R (N) 56.67 60.48 334 6857 70.34 685  81.20 7938 610  90.02  85.11 288
+2.16 +3.00 +3.44 +2.41 +2.53 +2.45 +2.53 +3.74
75 f FE (N) 67.75 66.56 782 70.37 71.82 808 8636 82.16 399 9861 8892  .010*
+3.34 +2.64 +4.84 +3.35 +3.25 +3.64 +2.49 +2.40
EERELATT i BB (m)) 18.33 21.41 172 26.97 27.22 932 26.07 2555 845 2839  30.17  .652
+1.05 +1.78 +2.31 +1.78 +2.23 +1.47 +1.98 +3.36
% REBLIS i e B (m)) 36.14 36.81 926 35.76 49.86 295 49.10 4277 603 37.09 3096 .328
+6.78 +3.17 +6.78 +11.53 +11.10 +4.56 +3.83 +4.78
FETH E e oa £ E (m)) 53.93 58.22 546 60.63 76.32 188 75.17 68.31 611 6548  61.13  .608
+5.68 +4.06 +5.94 +9.92 +12.10 +5.48 +4.39 +7.11
MR (N/mm) 108.96 107.70 .870 115.57 106.06 475 171.17 156.53 .340 183.20 162.85 .196
+4.99 +5.74 +19.18 +9.30 +11.74 +9.33 +9.34 +12.08

“TF RE T E AT o * A <05 mFEHFFLE
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1-Week 2-Week 4-Week 8-Week
El Cl1 p E2 C2 p E4 C4 p ES8 C8 p

n=10 n=12 n=10 n=9 n=12 n=12 n=12 n=12

L fkfgé)f& 4 (MPa) 139.10 155.01 244 179.59 173.14 .606 175.46 173.42 .808 183.07 187.44 498
+5.52 +11.13 +7.90 +9.50 +7.24 +4.10 +5.12 +3.74

% kEBLR 3y B (m)/mm’) 2.28 2.74 112 3.18 3.06 772 253 2.46 797 272 294 530
+0.15 +0.21 +0.29 +0.25 +0.22 +0.15 +0.20 +0.28

T;' = l/f‘g{ (Gpa) 5.35 5.50 .819 6.55 6.07 584 8.46 7.77 505 8.00 8.17 .837
+0.31 +0.52 +0.68 +0.50 +0.90 +0.47 +0.52 +0.63

S ReE T Mo + A T o
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do kAR R 0 E R RS R R § A2 p vt £ i A ME
it % - ¥ (Linetal,2011)~ = i (Judex & Zernicke, 2000b) ~ ~ i¥ (Welch et al.,

A

2004) # EAPR R AT R R Ew BRI o A I TR DR e S HE e g
RieE T gL R § - TFEF LI gRTHL R o

BLAPRALf Fafice ™ » 2 RPIEEFRPES A 2 B E Lt
FEG N EE RRIFRI B AT AR RRAL R L ERLH
FE R NI A AT RE Er 4 (Reg FiEr 4 ) aipl kB KK g
B AT E B BT A GPE D R o frik LR RRDA R o AT Y § T PRI
DRI A L - FE R IR LAY T RIIEA R M i By T A
Rfah a4 MY S o N G A M R RERIEHE FAL 80 R ]
NG L IS TR R LA St SRS X S SRl
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CT : cortical bone thickness & & # 5 &
DEXA : dual-energy X-ray absorptiometry iz X & v T ik
EDTA : ethylenediaminetetraacetic acid disodium salt dehydrate 5 47 /%
E to FL : energy to fracture load # &% 7% it £
E to PY : energy to post-yield *# X gL{s #1ic s fc i £
E to YL : energy to yield load % "% R BL#7 % s £
FL : fracture load %74 § /= &
GH : growth hormone # £ j#c%
GJ : gap junctions ## 4. £ & %8
GRF : ground reaction force ¥ & & it * 4
I :integrins ¢ % - fAF & v » S 2 i gl g2 —
IFF : interstitial fluid flow 3, in E’.%‘« EARTCOIES i
IGF-1 : insulin-like growth factor-1 #f% § % 4 £ %] 1

M : cell membrane ‘wm?& 53
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MA : bone marrow area ¥ #8537 % f#

N : cell nucleus w?z +%

NO : nitrogen monoxide — % i* ¥

Ob : osteoblast i ¥ wm?z

OP : osteoprogenitor ¥ £ 5% ‘m¥e

OPG : osteoprotegrins & ¥ mPz 4 £ Fr| F]+

Ot : osteocyte # im?z

PGE; : prostaglandin2 = 7 H?;% 2

POb : preosteoblast % # ‘w2 L 5%

PTH : parathyroid hormone #&| ? ;& ’ﬁlj%

RANKL : receptor activator of NFkB ligand — f&rk ¥ fme & s chd-p F
Tb.N : trabecular number ¥ -] #2#c P

Tb.Sp : trabecular separation ¥ /|- & & §E

Tb.Th : trabecular thickness # -] % & &

TRAP : tartrate-resistant acid phosphatase wiF|% fik B & 1404 ik fix
vBMD : volumetric bone mineral density (g/cm’) %% FEBR

uCT : micro-computed tomography #c 2| T %% %74 4+

YL : yield load "% K2:§ j7

YM : young’s modulus 4§ = % #c

YS : yield stress "% K EL #

YT : yield toughness "% X 8% &7 B
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ez BLE S R d BB A4
(=) %4 Ha:
I g end m g (5-7um) gt ¥ 5 E A 4°C ik o
2. ERFDOPU ST EY O BFERRIC LS A&
3. @ &?&prg EiTP TR AALS A o A L RTAFRATE BRI RAT AT

20 RN E 1 D s ant b .

BF e dd RARS EH L

TRAP % ##7% & & p A (1) ARERE
Deionized water (37°C) 900
Diazotized Fast Garnet 20 2 4 10(ul) Fast Garnet GBC Base &2
GBC Solution 10(um) Sodium Nitrite Solution ;2 & 30
e LEAEE 204
Naphthol AS-BI 10
Phosphate Solution
Acetate Solution 40
Tartrate Solution 20

4. F B AP BANE T 2% (deparaffinization) ¥2-k £ 8% (hydration) °
PR E A 2 T F (Xylzene) BiRiEF 0 25 10 4488 S 448 RE R S
1 Rk B (100% > 95% ~ 90% ~ 80% ~ 70%) E AR FERE Y 5 LER
WA REENI2L 1 2 dE e

5. ﬁé’:—ﬁ’.?—.‘« ¥ *x*t 3 3+ -k (Deionized water) ¢ ¥ 51 10 F) °

6. == Sm‘)ﬁﬁ'}w ’ '}’fﬁ’ ot 24 430 MR ¥ R A BT o

’1"\.

o e TR

‘“‘)—

7. MARBFOL I BUMEREOIL RE b

37°C vk » 879103 60 ~4ach%d & & o
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1210*10 B enkg b sLEp st 8 4 £ T 0-3mm A2 s o % Flepl F e fep o
(Z)&EH KR
AEFTR*DLP Ee E o FwF4eT 1 Leukocyte Acid Phosphatase kit (387A,

Sigma Chemical Co., St. Louis, MO, USA)
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ez R PRI i O B B A 4
EXET X
rAF e s (5-Tum) g B F T REE & 4°C ok e
R R PTHS PNEEY R FRRRIES 154
B 4 i {7t SO (deparaffinization) #2-k £ 8% (hydration) » f2 5% Pl iz e & =
Z 7 F (Xylzene) 377 » & 5 10 ~ 4887 5 2 4 WIE R = {8 Bk R
(100% ~ 95% ~ 90% ~ 80% ~ 70%) FpF AR & K& TF* » LRRIFH B REIEY
125 1 4~45 -
Mol g ot 3 g3 ok (Deionized water) ¥ &) S 4 48 e
2o 4 el BRILES o MR TSR B AR R RO O R R A T o
#-4 4 & (p-nitroblue tetrasolium chloride and 5-bromo-4-chloro-3-indolyphosphate
p-toluidine salt ™ #c B 38§ 393 3 jF e b o § d-le Mo Pl 3 o-H § 2 37°C
GrRER Y BT 60~ 4EF o R F AeT BT o

,é;);}'@f;u;gg_,.y kT g B #«%,@/Fﬁua;%«,gu‘ ui\.gj\ 5o
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12K AR 820 20%10 & cPB et e F > B LT A T H =t ad 9 F % 5% 0 o
PRPE-Z5 WAR LS /¢ il W R e gl R SR T e 5 i 4 A R e L g W

3R (FeR A eh® £/ Fde® £)*100 20 N E I HBIRL ch A L AL o
(Z)&EH Xk

AT R L 100ml F oo K Fw 4T o (BCIP-NBT Liquid Substrate System
(B1911, Sigma Chemical Co., St. Louis, MO, USA)
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W BHRE%F LD

100 iz

BImAARELERGMBEAERALACFERNES
Affidavit of Approval of Animal Use Protocol
National Cheng Kung University

101166
) & £ %3 (JACUC Approval No) :

stEWHAC g RUAR B M BIHUR ~ HIR

o BRERERAKMAEM FRREAKDE I AAHH T

HE LM ARSI REAH A KT HAGTRMYE

£ TR RS K TR PR A AR VR oMK LR

i@ o A3t ETREF éﬁs’é A kR Cl

E/E ks B B Rt EFR ) # B M A 1A o)
Rat/Wistar 2 E/¥F 1014 14 18% 10l 7831 8

The animal use protocol listed below has been reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC).

Protocol Title: Effect of Free-fall Landing Training in Different Training Periods
on Bone Metabolism: An Animal Study in Growing Female Rats

Period of Protocol: Valid From: 01/01/2012 To: 07/31/2012 (mm/dd/yyyy)
Principle Investigator (PI): Tsang-Hai Huang & Ming-Shi Chang

T o B %ﬁ%iiﬁ-’i =R

';“ s ""_j (08, [=, <6 [2. 26

HE:

aE A
A
r‘ >0
[ACUC Chairman: ,’::’;'7 Led éﬂ ,@LDate (& 26 MU ]
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#of &

100 B

MR RY H K 101166

BB ALK RAEC RUAER R BRI B BAReT - A 1bRR

CERMEE D R ARSI T A AR TIE AR > 50394 (L3 0 B4 R apE)

C 3t ERARR G MR AR Sl AT R R P B B 6 F KM

B GAMUATRBAR) aB LA AM0EMA A S HORE RSB ROER R

O 2R 3E - o b EE R )
o el R E CESS &
o~ HATHAR : 101 %1 A 3 101 £7H (GHFAERIELFA)
N AERHTEBHMTRZAMARTH
< A B AR 2HEEHRAMR SR METREH / KRBl EeR
L= ol ) Hdx 101/1-101/7  >10 4/ 840 op R brrp ~ 4 B30 48 by ep i
{ =) Mokt ML 101/1-101/7 S5 F/Bor e~ LB E Y IR
(=) Bk M4 101/1-101/7 1 -/ Epahdk st - FHBEAGLSE
(e9) R HRA 101/1-101/7 1 /8 inik it ~ BRIk
(&) BN A R4 101/1-101/7 91l
(72 Bk % R4 101/1-101/7 il sk
+ - BT ¢
| b
%%%ﬁ%a & A S E/GHESER B 4 R IR 9 4 £ & 35 PR
(—) Rat/Wistar 72/ RAEH PO RAE M T
Ha-. REHRFEESEE ERREFALAGHYE T MR TIE -
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BT E » L BE5/EILEBMIT o
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ARREMIIALARLACTRLAHHTR - FR—FuUL EFERHY P ERA
ARZREIG  BATFEMBEH YT AEESHRAER AR L0 & 1A -

+ - FMEAMEZBGRATREAZIHH A TR T2 LM -
AAMREZBHAERSFFGIRMZ ERIRERN KK THEAROTRBDE - L0 E

SR AREFRHES IR RAHFRMOVT DR T L 68 nFa 12
Ems ATENEHH Hagmbkl:

1 Twidima i

El E2 E3 C1 [ 4/ c3
n 12 12 12 12 12 12
X8 * * + - = -
B 13 238 38 18 28 38

3+ ATHEKERIR -, TR EXEBIR

F— - HRATRTAETZHHETRAE - T - B ELTIR (28R T ~ 4058 - x4 -
Rl ~ FH7 RN BARE)  EFE Bk 3 ERMaH & -
(—) #9HERFRFEE (BB | 6F) FHRAMMP 2 B8 F ik
(=) ZHGHWIRT &Y FHL R EM « 1L FBIE -~ B FHIAF
(=) #EMAIA2EE  HHEMEF L BF B X0 F 0% a9 MR
(w) MalidofTih Sty 2 "5 FERMK (o EASEH - R ERFRED):

AR - oA RE R 6 BT B &0 BRI E ) I k& R& 0 1A ketamine (80mg/kg body
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T FRARREREHHIRETR (FRRRE - RRARABREN &) -

Kwmoppfed PR BB ERAZR RTARAEMARUEZ TR MEKERE
X EHA 8 F oo Z KA
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