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Abstract; Osteoporotic fracture is the most serious complication of porosis. The bi

properties of the bone play an important role in the pathological process of osteoporosis. Since the nineties of
the twentieth century, the nanoindentation technique introduced by Oliver has become popular in determining
micro-mechanical properties of materials. It can not only measure the elastic modulus and hardness of

trabecular bone, but also detect the fracture toughness in bone micro-architecture. This article reviews the

recent application of nanoindentation technique in diagnosis and treatment of osteoporosis.

Key words: Nanoindentation; Osteoporosis; Micromechanics; Cancelious bone; Cortical bone

BRGNERO BT ENIF RERERGME
BT BEHERRANRELSES BEYHERE
ERBEMNMEM. 20 HE2 90 £, Oliver R H KA
K HER$E A (nanoindentation ) B 4 BF 52 #4 B i W 1
SRERFER. ERUESHARTERS/DRAK
SHEMEER EE METLURATARSHER
PrErmt, B, EE R, BRI EENER
BREAEY N ERRENEROE NN ERE O ZH
B B/NRKFHBOANE, AXRLFERAKRE
IR AR 72 B TR GE 2 WA YT BT ST U A0 L A —
&R,

1 AXEREARET
REWEBFOAR, FKERNERE AR

fEgsfy, 710032 AR FUEEA¥ARERLSEHHHF
REF
B %, 2FH#,Email; wuzixiang@ fmmu. edu. en

R EL , & K (Rockwell) FEk 4K (Vicker)
L BK (Knoop) kLK B K ( Berkovich)
LEED KPEEFEANELNEREL MR
k. 40K FEJR BN i X 2k R Sk R At R
HHABRK—-THERANI N ERGE, ELELH
JHE e b kL b, AR = A R B R A 4B
AW, B R B SRS AR B RAD
REMAMER ATRB BT B MLk, # w0
BHHEEE BEEE BREE BHUREE
HHEEZNMSH, R, RMSEEEMRRER,
MEB/NRETHE, EEME BB &,
HtEE ARG BN e, BRAXKE
RV TAEENTEEZE 1 wN ~500 mN, I BEEE
BN 1 nm~20 pm, 53 8FEAT AP 50 aNP

2 MAEREREERBRLFERRFM
Bz A

2.1 FRERERENFRTEBNRHMA %



PHBEHRES 201142 AS 1745 28 Chin J Osteoporos, February 2011,Vol 17, No.2 159

L 39 ¥ &

1 FOR R R I 2 789 K 3%
EA.EMELHBERERELLSAHELAN 136°HSRIE ENBEE(a=68") BRELRZSH G MNHE (K
Ffd=172.5°M g=130°) HEEX MR P LR EETZRKA N 65.03° M =i ;
FHRARKEXHERESE/DREEOFARMEGE (%A Mullins LP, et al. Ann Biomed Eng, 2009) ;
HERAZKABKELMEZFEREEOEEAGEER (B E Boivin G, et al. Bone, 2008)

Sl Sy

BRAWMASEEEUNFRETRE, #M5
RBW P XUMARFENRUZRABEAIE,
mER BREERE. UERTIAN, BRHERS
BAEREBR/DRBEGR EH HEBLINRI¥EBE
TREREBHNEERHE. BXFERHKMKED
BPENE/NEIEREOREHRREFE.,

2000 4, Guo &' HW K Ak ERHE RN T
EZRERBHEREHR S FREN T, EHE
SMNBERGNAREENREERTNREEA &
WREWAKE, BN MR BUREEHBE
REBEHRT, IRAREEZBEERAN KR
WEESREZR B DREFMHEETRE AR
BINRMHEAEERMNEFFEHANELARK,
Wang %1% %t I % A\ BE A7 204 1K B 47 69 B BB
MABMBRBENRERTT HRHEWE, HF o0
HE5BALESSENBY SR RIMHEXE, /£
ERR,EFHANEEERAS, B/ REEER
MEEHLIREEEZ, B, EEBEHNENE
F 10 & W2 (high or low bone formation rate per
bone surface, BFR/BS) , H ¥ & 8 &K, I
B, RHEMENEES ST ABRELASHEXYE,

- S HRENRREEE SRR,
Brennan % °V Xt IE % 48 2 A0 B I B A 4 ¥ BB OE
BNEEENRRTHNT  EARLREEBRE
RERGMER, HE/NRO MR B NEEYH
FEETRXREFEM, DEER—BENE,
HEBOZHUBERAR. BY Guo EHRE
RAR,Brennan X MEH EBT RN REE RS %
BEXBHEME MRELELFERNEY ¥R
BT BRAZAMNEEREEENET¥#£R,

HEHRBDIRBEMAOERENEWER,
Mulder %" % F§ MicroCT #1443 FE /B B AR 0 ¥k 44
B OEE BT OBRERE/NRRIE A E 8 X R

FTRABI . 8 % 574 3 B R BG4 & BR IR AR
BEBHFTTURENE, ZREA, XCRETHEE
B R H/NRRIYE (stiffness) , ¥R MBE/DRAZ T
NRERRFZEEM, FEENENRRERERT
R, B/METHEENHESEEEZ R EEEM
Xt EEVAEEL HEEBEEHER. XX
HPAEETEFAEEEEmE NREWRAE
BE, WA L REREER, BPMRENENRR
BETHREREELEREMNR KR, Hodgskinson
SZUMBREABEHANBERBELREB TR
BEBNT. BESRNEEAEREENEM
Xt EETAENMHEBRNEFCREAEARESE
BEM XK, Norman $P MR PIELBAL
PHEEERAEFOAEREWEMXME. AL
LHRA S SR EE BT KEEAE D
LRItz REEF IEMALE,
2.2 PRERBERESFTERBEHR S FRHEP
# 1i AR

5 REML, RE K RE 25 RGN w R
MNEBERERMEBRENEZEmANDATZNR,
Fratzl-Zelman £ 5t B RB AR E H BB E (74
~2 F)HMERBFTEITERE (74 ~88 )R
B EE(EBRE)#EThEMNT,FERESEH
IS, BIHBEREF L AMTHERS
HEHERAERE AARCREENTIERE
MEHEERBERTLF HEESERANGER
BEHX, BE BWANBHERABRESEF
WAXBERHEN, FEAN A TFREFRHREX
BAEHEEENER " URETHEFREERA
KRG, SEREFLTERTLBERT HFER
PR, Bilt, h¥BERHENERK. BEFEEA
FH P UBEEMAREMRRE L RREHN
B,

HTEHFNTHRERBIHSES, BRARRE



160 FEGHAHBESE 201142 AF 1748528 Chin J Osteoporos, February 2011,Vol 17, No.2

FREMABR TRARBRN=EREME RS,
BAFE— 25 TPAE B R & A B 4T B0 KUK, Mulline 281

- SRR R AR X B B B AR 8B AR L R R

BRENMRHERMMRBRENHETHE, GRE
N:FEEEABRRRMM, EREMREEFHRER
EEERM, WH, EARNBREKE, REEFOR
RKEVNBERTERB. KREP, BEKRH™
EMABKERTER BLEEHZH. HER
EFRBERNVLALBERTERSGHW, XX, 0N
RENTHEBETREEE. SRERMVE—ER
BELEBITARRBEENESRERBT.

Hoc #1 Dong & @ X R B F R F MR
HEHERATHR . RIERETHNEUIERES
BRE—BAERAIBENEMFE, BRERE
G RRERERRB.CRGER T MBMEARFR
MNELERYEEER, ZERN, HEEEABL
MAEHTERE BN, HBEREAREARRE
BHZEHRN. NTFARHNAEREHEERSHXK
BEEEARNTFHEER. XUBABEARTREN
SEBE SR, FHARNRE MR T ERZ T
o

3 ARERBAEBRERBTFPMAEA

RERBHY B G AE B A #8177 1
A BRFEFEEE TR UL & AR, WA
FER XERBOUGH EMETLBES, XK
EREARUFREEEEMARE X S ARG
fERLE,
3.1 WHEEREELGY  WERLRLY

Shahnazari %' ZE kX BB BB B E R AR
R BB FT 4 M ARIRITINR, &
REAAMPMEYRBREIR EMIRE, XE
BEHW ERANBAMMENRE, BE EZFXZA
RHARYAERET RN 2R, A RRE.
WY BURERE RN, Wang E MAERHB R
B R bR UM R B 4T 0 | 8
TR ERERAAB/NREEMBELER RIEE
SEMBAREMM, Lane £ WA K 59 YIB
B RKBRBRERNRBXANESHUBERENE H#
ELRL R GUE R Y16 T X & A PR R
BEW, FEANRETRETEERRFRK, 3
HEEREERS, 8T RTYT LB EH R
6o PR, FB R R E @ FIER M RE
R g 45 W03 7R R B R AT K/ 5 0 1), X K

EFHMERR—HE, RFFE AR E & /DREH
B ORLSEZTHHARTMERER, kA
FHEAN WAL LEY A TS B ERYE
FEHE A . Amanata SV E KRR E B i
Ry, SR F 0K R IR B R 43 47 sk O MR B8 % B 4T A
AHEW, ZEREN, TRASHMOMEERIE
BEE5SAMBAFEREMER, BHit FELN,
WBERE EL K 25 W 3 R 2 %t B 4 A& W (6] B4 B Ml g 2%
R E R EE W,

3.2 R#BEREAGY . FRERE(PTH)%

Lane £V HRATRMEHERROEY H
BAEMM LK EF (bFGF) M B RE R E (PTH)
MEREERANKBERMAEHRENER, 2
B F 5 bFGF (1 mg/kg, 5 d/w) #1 PTH (40
pe'kg, S d/wAAMARER, KRREERNRE
BAEHHEBABEENEZEFLEERET,
HASBFAARREHABEN, XERRER,
FRFEHEYTEAREERUZEARE T DRE
BEMR R, MAE TR EFE MRS H 8 mF
BAPIR BB A H #9, Brennan %' E %t
ARAGYIT BRI EHENEMHFTHRT, ERA
BR35 R K VT 52 e B TR L5 #, SOU AR £k (W oK A%
B BT B R A A R, TE B EFN
FER IR E BRI,

EJE M4 (strontium ranelate) & £ E Servier
ARFHFENF KA BRAREY. CERED
FIERY,RAEABE RO NELHIEH, kKR
U EEMEEEARRELELEHLZNERR
B, BR, EXEHMIFEENER, BRTHARE
¥, IMREFEREMNRAFTHAMNERERTH
BURE M, Ammann % 04 KR & (225, 450, &
900 mg/kg) MEBERMBOMB KR, HREXU,E
Bk ¥ B, 900 mg/(kg-d) AR EHER I R4
AAEENRERE  ERRI2EE BEEG/NE
Rt R BEEAEELE B EEE N, X
Rtk , EEREEOEIRESHE  MWNE h%
SR, DT P A B O A B 4T B XU o

4 MXRERBERHRRYE

BERMAEREARCLB EMNATERR
LB RGT SR P, HEREAR KR E— &
R, B, 90K IR K5 X 45 A R 55 5 08 19
BERUEBE, ERBEETRARMEERRTR
HREHEF, H T #1702 AR A R



S EERHREE 200142 AE 178828 Chin J Osteop

, February 2011, Vol 17, No.2 161

FEMLR A -, A, XLESHAE
ML AR SR P R REREEE SR N ES K
TR, TR EFHERE. K, RT3t
YRERLRERCEYW. RAABUERRSE
LEREER  ARELEROTESHAUBEREN
WEM, EAKERBERNBELENE, BER
B & Oliver-Pharr 775>, EREBSL RS -HAE
MR ENRMRT. ENATEYH R,
PR R AR T B S A R AT, B
R AR R E AT SR B . sesh, bR
FEHERBRECLREMAXERERNERZ
=0 R ERNEHAR BN R B E
HHWEO0.05 pm) " EREENHE—MEEE
REMHEREARERTETEREN 10% HE
B, UBRSEREE,
PRERBEARR Mol BN E B MW %5
BRI EBRARCHBTAREERF
BRRBAR, HAKRERERTIIABDBRERGL
WiiBIT R, BB M I PR R R IR — D 2 e/,
EREREEL RITRREEERNRANAR,

[ 4 % x wm ]

[ 1] Guo XE, Goldstein SA. Vertebral trabecular bone

tissue elastic modulus and hardness do not change in
ovariectomized rats. § Orthop Res, 2000, 18(2) . 333.336.

[2] Lane NE, YaoW, Kinney JH, et aL Both hPTH (1-34) and
bFGF increase trabecular bone mass in osteopenic rats but they
have different effects on trabecular bone archi J Bone
Miner Res, 2003, 18(12) : 2105-2115.

[3] Donna M, Ebenstein, Lisa AP. Nanoind ion of biological

materials. Nanotoday, 2006, 3(1); 26-33.
[4] Lucca DA, Herrmann K, Klopfs MJ. Nanoind
Measuring CIRP Annals-Manuf:
Technology, 2010, 59(2) : 803-819.
Wang X, Sudhaker RD, Ajdelsztajn L, et al. Human iliac crest

thods and appli

%

(s]
cancellous bone elastic modulus and hardness differ with bone
formation rate per bone surface but not by existence of prevalent
vertebral fracture. J Biomed Mater Res, 2008, 85(1) : 68-77.

[ 6] Brennan O, Kennedy OD, Lee TC, et al. Biomechanical

properties across trabeculae from the proximal femur of normal

and ovariectomised sheep. ] Biomech, 2009, 42(4) . 498-503.

[7] Mulder L, Koolstra JH, den Toonder JM, et al. Intratrabecular

distribution of tissue stiffness and minerali in devel
trabecular bone. Bone, 2007, 41(2): 256-265.
Hodgskinson R, Currey JD, Evans GP. Hardness, an indicator
of the hanical p of llous bone. J Orthop Res,
1989, 7(5) : 754-758.

[9] Norman], Joe GS, Ken S, et al. Micromechanical properties of

e

(8]

human trabecular bone; A hierarchical investigation using

(1o]

(1]

f12]

[14]
[15]
[16]
[(17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

nanoindentation. J Biomed Mater Res, 2008, 87(1) : 196-202.
Fratzl-Zelman N, Roschger P, Gourrier A, et al. Combination of
nanoindentation and quantitative backscattered electron imaging
revealed altered bone material properties associated with femoral
neck fragility. Caleif Tissue Int, 2009, 85(4); 335-343.
Bell KL, Loveridge N, Power J, et al. Intracapsular hip
fracture: increased cortical remodeling in the thinned and porous
anterior region of the femoral neck. Osteop Int, 2009, 10(3):
248-257.
Boivin G, Meunier P]. The degree of mineralization of bone
d by comp
microradiography. Calcif Tissue Int, 2002, 70(6) ; 503-511.
Kuhn JL, Goldstein SA, Choi K, et al. Comparison of the
trabecular and cortical tissue moduli from human iliac crests. §
Orthop Res, 1989, 7(6) : 876-884.
Mullins LP, Bruzzi MS, and McHugh P. Measurement of the
: P toueh of ol

tissue ized quantitative contact

bone using
indentation fracture. ] Biomech, 2007, 40(14) ; 3285-3288.
Mullins LP, Sassi V, McHugh PE, et al. Differences in the
crack resistance of interstitial, osteonal and trabecular bone
tissue. Ann Biomed Eng, 2009, 37(12) ; 2574-2582.
Hoc T, Herny L, Verdier M, et al. Effect of microstructure on
the mechanical properties of Haversian cortical bone.
2006, 38(4) :466-474.
Dong XN, Luo Q, Sparkman DM, et al. Random field
t of pic inhomogeneity of bone. Bone, 2010,
47(6) : 1080-1084.
KR, RER, AR, 5. AREBEE IR TRMEMS
1. LB ER¥¥M, 2008, 42(5) : 707-710.
Shahnazari M, Yao W, Dai W, et al. Higher doses of

bisphosph further imp;

P P

Bone,

bone mass, architecture, and
strength but not the tissue material properties in aged rats. Bone,
2010, 46(5) : 1267-1274.

Wang X, Allen MR, Burr DB, et al. Identi? cation of material
parameters based on Mohr-Coulomb failure criterion for
bisphosphonate treated canine vertebral cancellous bone, Bone,
2008, 43(4) . 775-780.

Amanata N, He LH, Swain MV, et al. The effect of zoledronic
acid on the intrinsic material properties of healing bone: an
indentation study. Med Eng Phys, 2008, 30(7) : 843-847,
Ammann P, Badoud I, Barraud S, et al. Strontium ranelate

imp becular and cortical intrinsic bone tissue

quality, a determinant of bone strength. J Bone Miner Res,
2007, 22(9) :1419-1425.
Kulik A,

discriminates the elastic properties of individual human bone

Hengsberger S, Zysset P. Nanoindentation
lamellac under dry and physiological conditions. Bone, 2002, 30
(1) 178-184.

Bei H, George EP, Hay JL, et al. Influence of indenter tip
geometry on elastic deformation during nanoindentation. Phys Rev

Lett, 2005, 95(4) : 45-50.

(FHEFE 15 T)



FEBRRENE2011 42 AE 17 %% 28  Chin ] Osteoporos, February 2011,Vol 17, No.2 ' 175

Heart/Estrogen Replacement Study ( HERSI). J Am Med Assoc,

and beyond. Climacteric,2004,7.8-11.

1998 ,280:605-613. [19] The North American Menopause Society. Estrogen and p

[12] Grady D, Herrington D, Bitner V, et al. Cardiovascular disease rogestogen use in peri-and postmenopausal women: March 2007
out-comes during 6, 8years of hormone replacement therapy. position statement of the North American Menopause Society.
Heart Estrogen/Progestin Replacement Study Study Follow-up Menopause 2007, 14 (2) :168-182.

(HERSII).J Am Med Assoc, 2002,288 ; 49-57. [20] &% #EFERARENERRIAT. XAAERERE,

[13] Writing Group for the Women’s Health Initiative Investigators. 2006,22 ;387-389.

Risks and benefits of gen plus progesterone in healthy [21] Pines A, Sturdee DW, Birkhauser MH, et al. IMS updated
postmenopausal women. JAMA, 2002,288.321-333, dations on p pausal h therapy.

[14] Heiss G, Wallace R, Anderson G, et al. Health risks and Climacteric, 2007,10 (3) :181-194,
benefits 3 years after stopping randomized t with 8 [22] The Scientific Advisory Council of the Osteoporosis Society of
and progestin, JAMA 2008, 299 ;1036-1045. Canada. 2002 clinical practice guidelines for the diagnosis and

[15] Weiner MG, Barnhart K, Xie D, et al. Hormone therapy and 8 of porosis in Canada. CMAJ, 2002,167-176.
coronary [23] Huang WF , Tsai YW , Hsiao FY, et al. Changes of the

heart disease in young women. Menopause, 2008, 15 (1) . 86-93. prescription of hormone therapy in menopausal women:; An

[16] FEERZ&EFHENICEBREE. BRI TRITHERNA observational study in Taiwan. BMC Public Health, 2007,7:56-
(2003 4E). hiEH 4% ,2004,39 . 286-287. 66.

[17] Solomon CG, Dluhy RG. Rethinking postmenopausal hormone [24]) Euni Lee, Pharm D, et al. Long-Term Effect of the Women’s
therapy. N Engl J Med,2003,348 (7) :579-580. Health Initistive Study on A . Medicati

[18] The writing group of the IMS E ive C i Guideli Prescribing. Journal of Women's Health,2010,19(5) :847-854.
for the hormone treatment of women in the menopausal transition (MR B8 201008-17)

(2% 161 T) trabecular bone.  Biomech, 2010, 43(12) ; 2410-2417.

[25] Oliver WC, Pharr GM. An improved technique for determining [31] Roy ME, RhoJY, Tsui TY, et al. Mechanical and morphological
hardness and elastic modulus using load and displacement sensing variation of the human lumbar vertebral cortical and trabecular
indentation experiments. J Mater Res, 1992, 7(6) : 1564-1583. bone. J Biomed Mater Res, 1999, 44(2) ; 191-197.

[26] Olesiak SE, Oyen ML. Viscous-elastic-plastic behavior of bone (32] Sunita PH, Harold G, Mehdi B, et al. The effect of sample
using Berkovich nanoindentation. Mech Time-Dependent Mater, preparation hniq on deter of structure and
2009, 14(2) . 111-124, nanomechanical properties of human cementum hard tissue.

[27] Donnelly E, Baker SP, Boskey AL, et al. Effects of surface Biomaterials, 2004, 25(19) ; 4847-4857.
roughness and maximum load on the mechanical properties of [33] XuJ, Rho JY, Mishra SR, et al. Atomic force microscopy and

llous bone by ind J Biomed Mater ind ion ch ization of human lamellar bone prepared
Res, 2006, 77(2) ; 426435, by mi tioning and mechanical polishing technique. J

[28] Klapperich C, Komvopoulos K, i’ruitt L, et al. Nanomechanical Biomed Mater Res, 2003, 67(3) : 719-726.
properties of polymers d ined from i dentati [34] Miller M, Bobko C, Vandamme M, et al. Surface roughness
experiments. J Tribol, 2001, 123(3); 624-631. criteria for t paste indentation. Cement and Concrete

[29] Gerberich WW, Yu W, Kramer D, et al. Elastic loading and Research, Volume 38, Issue 4, April 2008, Pages 467-476.

lastoplastic unloading from level indentations for [35] Habelitz S, Marshall SJ, Marshall)r GW, et al. Mechanical

[30]

modulus determinations. J Mater Res, 1998, 13(2) ; 421-436.
Hanna I, Shijo N, Marta M, et al. P of ind i

p ls for of viscoelasticity in cortical and

properties of human dental enamel on the nanometre scale. Arch
Oral Biol, 2001, 46(2); 173-183.
(W% 535 . 2010-09-08)



Bk R ARTE B RBAAS I8 T I [H hGEE ..

fE#: WS, W6, W TFE, YANG Chunbao, LET Wei, WU Zixiang
(== e S DY ZE R R P I B A B RHIR U, 1%, 710032

W 6 i 1S TIE]

HELT) 4 CHINESE JOLRNAL OF OSTEOPOROSTS

B0 2011, 17(2)

1. Habelitz S;Marshall SJ;MarshaWr GW Mechanical properties of human dental enamel on the nanometre

scale[FPCHATI] 2001 (02)

2.Miller M;Bobko C;Vandamme M Surface roughness criteria for cement paste nanoindentation[#h3CH#AF]]

2008 (Issue 4)

3.Xu J;Rho JY;Mishra SR Atomic force microscopy and nanoindentation characterization of human

lamellar bone prepared by microtome sectioning and mechanical polishing technique 2003 (03)

4. Sunita PH;Harold G;Mehdi B The effect of sample preparationtechniqueondeterminationofstructureand

nanomechanical properties of human cementumhard tissue[#FSCHAT] 2004 (19)

5.Roy ME;Rho JY;TsuiTY Mechanical and morphological variation of the human lumbar vertebral cortical

and trabecular bone[#F3CHATYI] 1999 (02)

6. Hanna 1;Shijo N;Marta M Precision of nanoindentation protocols for measurement of viscoelasticity

in cortical andtrabecular bone 2010 (12)

7. Gerberich WW;Yu W;Kramer D Elastic loading and elastoplastic unloading from nanometer level

indentations for modulus determinations[4FCHAFI] 1998 (02)

8. Klapperich C;Komvopoulos K;Pruitt L Nanomechanical properties

ofpolymersdeterminedfromnanoindentation experiments[#h3CHAF]] 2001 (03)

9. Donnelly E;Baker SP;Boskey AL Effects of surface roughness and maximum load on the mechanical

properties of cancellous bone measure by nanoindentation 2006 (02)

10. Olesiak SE;Oyen ML Viscous—elastic-plastic behavior of bone using Berkovich nanoindentation

2009 (02)

11.0liver WC;Pharr GM An improved technique for determining hardness and elastic modulus using load

and displacement sensing indentation experiments[#F3CHAT] 1992 (06)

12.Bei H;George EP;Hay JL Influence of indenter tip geometry on elastic deformation during

nanoindentation[#F3CHAT]] 2005 (04)

13. Hengsberger S;Kulik A;Zysset P Nanoindentation discriminates the elastic properties of individual

human bone lamellae under dry and physiological conditions[#p3CH#iFI] 2002 (01)

14. Ammann P;Bodoud I;Barraud S Strontium ranelate treatment improves trabecular and cortical

intrinsic bone tissue quality,a determinant of bone strength[#F3CHAT] 2007 (09)

15. Amanata N;He LH;Swain MV The effect of zoledronic acid on the intrinsic material properties of

healing bone:an indentation study 2008(07)

16. Wang X;Allen MR;Burr DB Identi? cation of material parameters based on Mohr—-Coulomb failure

criterion for bisphosphonate treated canine vertebral cancellous bone 2008 (04)



http://d.g.wanfangdata.com.cn/Periodical_zggzsszz201102017.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e6%98%a5%e5%ae%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9b%b7%e4%bc%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%ad%90%e7%a5%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Chunbao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LEI+Wei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WU+Zixiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e7%ac%ac%e5%9b%9b%e5%86%9b%e5%8c%bb%e5%a4%a7%e5%ad%a6%e8%a5%bf%e4%ba%ac%e5%8c%bb%e9%99%a2%e5%85%a8%e5%86%9b%e9%aa%a8%e7%a7%91%e7%a0%94%e7%a9%b6%e6%89%80%2c%e8%a5%bf%e5%ae%89%2c710032%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-zggzsszz.aspx
http://c.g.wanfangdata.com.cn/periodical-zggzsszz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Habelitz+S%3bMarshall+SJ%3bMarshaWr+GW%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-S0003-9969(00)00089-3.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-S0003-9969(00)00089-3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Miller+M%3bBobko+C%3bVandamme+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029454029.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xu+J%3bRho+JY%3bMishra+SR%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e33.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e33.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sunita+PH%3bHarold+G%3bMehdi+B%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ026201865.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ026201865.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Roy+ME%3bRho+JY%3bTsuiTY%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-(SICI)1097-4636(199902)44-2-191--AID-JBM9-3.0.CO;2-G.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-(SICI)1097-4636(199902)44-2-191--AID-JBM9-3.0.CO;2-G.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hanna+I%3bShijo+N%3bMarta+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e30.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e30.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gerberich+WW%3bYu+W%3bKramer+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022706519.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022706519.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Klapperich+C%3bKomvopoulos+K%3bPruitt+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0213896597.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0213896597.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Donnelly+E%3bBaker+SP%3bBoskey+AL%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e27.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e27.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Olesiak+SE%3bOyen+ML%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e26.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Oliver+WC%3bPharr+GM%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1557-JMR.1992.1564.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1557-JMR.1992.1564.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bei+H%3bGeorge+EP%3bHay+JL%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1103-PhysRevLett.95.045501.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1103-PhysRevLett.95.045501.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hengsberger+S%3bKulik+A%3bZysset+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022129531.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022129531.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ammann+P%3bBodoud+I%3bBarraud+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021294812.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021294812.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Amanata+N%3bHe+LH%3bSwain+MV%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e21.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e21.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wang+X%3bAllen+MR%3bBurr+DB%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e20.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e20.aspx

17. Shahnazari M;Yao W;Dai W Higher doses of bisphosphonates further improve bone

mass, architecture, and strength but not the tissue material properties in aged rats 2010(05)

18. BRIt A B 5% M N TP BT A 1) S sh A3 4 DRI 30T = Rl Ai K2z 224l 2008 (05)

19. Dong XN;Luo Q;Sparkman DM Random field assessment of nanoscopic inhomogeneity of bone 2010 (06)

20.Hoc T;Herny L;Verdier M Effect of microstructure on the mechanical properties of Haversian

cortical bone[#h3CHIF]] 2006 (04)

21.Mullins LP;Sassi V;McHugh PE Differences in the crack resistance of interstitial, osteonal and

trabecular bone tissue[#h3CHIF]] 2009 (12)

22.Mullins LP;Brozzi MS;McHugh P Measurement of the microstructural fracture toughness of cortical

bone using indentation fracture[#F3CHIT]] 2007 (14)

23.Kuhn JL;Goldstein SA;Choi K Comparison of the trabecular and cortical tissue moduli from human

iliac crests[#F3C#ITI] 1989 (06)

24.Boivin G;Meunier PJ The degree of mineralization of bone tissue measured by computerized

quantitative contact microradiography[#h3CHITI] 2002 (06)

25.Bell KL;Loveridge N;Power J Intracapsular hip fracture:increased cortical remodeling in the

thinned and porous anterior region of the femoral neck 2009 (03)

26. Fratzl-Zelman N;Rosehger P;Gourricr A Combination of nanoindentation and quantitative

backscatterod electron imaging revealed altered bone material properties associated with femoral

neck fragility[#F3CHITI] 2009 (04)

27.Norman J;Joe GS;Ken S Micromechanical properties of human trabecular bone:A hierarchical

investigation using nanoindentation 2008 (01)

28. Hodgskinson R;Currey JD;Evans GP Hardness, an indicator of the mechanical competence of cancellous

bone [4hSCHHTI] 1989 (05)

29.Mulder L;Koolstra JH;den Toonder JM Intratrabecular distribution of tissue stiffness and

mineralization in developing trabocular bone[#FSCHATI] 2007 (02)

30. Brennan 0;Kennedy OD;Lee TC Biomechanical properties across trabeculae from the proximal femur of

normal and ovariectomised sheep[#F3CHIF]] 2009 (04)

31. Wang X;Sudhaker RD;Ajdelsztajn L Human lilac crest cancellous bone elastic modulus and hardness

differ with bone formation rate per bone surface but not by existence of prevalent vertebral

fracture 2008 (01)

32. Lucca DA;Herrmann K;Klopfstein MJ Nanoindentation:Measuring methods and applications[#p3CHAT]]

2010(02)

33. Donna M;Ebenstein;Lisa AP Nanoindentation of biological materials 2006 (01)

34. Lane NE;YaoW;Kinney JH Both hPTH(1-34) and bFGF increase trabecular bone mass in osteopenic rats

but they have different effects on trabecular bone architecture[#F3CHIF]] 2003 (12)

35. Guo XE;Goldstein SA Vertebral trabecular bone microscopic tissue elastic modulus and hardness do

not change in ovariectomizod rats[#F3CHIF]] 2000 (02)



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shahnazari+M%3bYao+W%3bDai+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e19.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e19.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%94%a1%e6%8c%af%e5%85%b5%3b%e6%9c%b1%e6%9b%bc%e6%98%8a%3b%e9%ab%98%e5%a7%97%e5%a7%97%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_shjtdxxb200805005.aspx
http://c.g.wanfangdata.com.cn/periodical-shjtdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dong+XN%3bLuo+Q%3bSparkman+DM%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e17.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hoc+T%3bHerny+L%3bVerdier+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021373016.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ021373016.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mullins+LP%3bSassi+V%3bMcHugh+PE%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0216074874.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0216074874.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mullins+LP%3bBrozzi+MS%3bMcHugh+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029725202.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029725202.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kuhn+JL%3bGoldstein+SA%3bChoi+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-jor.1100070614.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-jor.1100070614.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Boivin+G%3bMeunier+PJ%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029827994.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ029827994.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bell+KL%3bLoveridge+N%3bPower+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e11.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fratzl-Zelman+N%3bRosehger+P%3bGourricr+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0216068864.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0216068864.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0216068864.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Norman+J%3bJoe+GS%3bKen+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e9.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hodgskinson+R%3bCurrey+JD%3bEvans+GP%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-jor.1100070518.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1002-jor.1100070518.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mulder+L%3bKoolstra+JH%3bden+Toonder+JM%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-j.bone.2007.04.188.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-j.bone.2007.04.188.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Brennan+O%3bKennedy+OD%3bLee+TC%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ028204559.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ028204559.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wang+X%3bSudhaker+RD%3bAjdelsztajn+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e5.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e5.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lucca+DA%3bHerrmann+K%3bKlopfstein+MJ%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_10.1016-j.cirp.2010.05.009.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Donna+M%3bEbenstein%3bLisa+AP%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zggzsszz201102017%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lane+NE%3bYaoW%3bKinney+JH%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022132105.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ022132105.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Guo+XE%3bGoldstein+SA%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024448484.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024448484.aspx

ACEERE: http://d. g wanfangdata. com. cn/Periodical zggzsszz201102017. aspx



http://d.g.wanfangdata.com.cn/Periodical_zggzsszz201102017.aspx

