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The changes of bone biomechanical properties in osteoporosis

LIU Fen-dou, DING Hai( Department of Orthopedics, the First Affiliated Hospital of Bengbu Medical
College, Bengbu 233000, China)

Abstract;:  Osteoporosis, a skeletal disorder of low bone density and disrupted bone architecture leading to frac-
tures, is a common and costly condition among postmenopausal women. The biomechanical properties of bone
are determined by the amount and quality of bone material and the arrangement of the material in space, mainly
affected by the bone cortex, trabecular bone and collagen. When osteoporosis occurs, the cortex, trabecular
bone and collagen all have the corresponding changes, which lead to the changes in biomechanical properties of
bone. In this review, the changes of bone cortex, trabecular and collagen are summarized, to provide the com-
prehensive understanding about the changes of bone biomechanical properties in osteoporosis.

Key words: Osteoporosis; Trabecular bone; Cortical bone; Collagen; Biomechanics

W RAME R —Fh LR G B R Al B R SO AR, A B A T s Rk

SR D RRIE R T B0 B XU 3 B 5, 2 4
ZeJ A i W E AR o AR X AT
o BEAEL (T fED) S22 Wi e hn ™, B2
T< -2.5 SD(SD Sy il & B % B Y I i 45 21 5 i
HEARR B 2 ] Wb i 22) A2 . B RVE
BTG A T R T A T 7 2 T S L AR A
BB R B R R A B B R )
HRAR/INE) B3 T, 22 S ORI R (T SRR,
F G I B A, T U RGN E e £ 2 H Y

W Fs HHA:2016-08-03; {&E HHEF:2016-11-11
BEEE . T, B #d%, E-mail ; dinghaisjtu@ 126. com,,

TEYCE BB M T L A AR
AW 1 R IR T BB BB | R H S ]
1 (RN U s g R VN R 8 B i)
Wi o 0 B AN ¢ A I, 1 B S5 B o A R i
AR R AR R S, BT 5 B0 A ) 0 S
AL o ASSCINE B2 It /NG D 3 13 24 0 T
AR T ARESE , & 7 S i JSOsTAE B A2 ) T~
P A A AR B T 2T AR



MNESE BEMNFHEETRRRETIRE

LIU Fen-dou, et al. The changes of bone biomechanical properties in osteoporosis 389

1 BHARSSEH

1.1 BHHEK

NS A AR M B 1 B2 ORI /N
o B BBURZ AN B B Y 80% , B A AE
KA ET AR /N L 4R AT RLG R
AR ——F BRI SR e B B PR Sh e s B /N R
IR LI R AR B LA R AP A7 07 1) 2
MRS S50 o i B AR ) 2 R B — i
B /IR 1 38 B R JBE G Bk Y2 M AT AR
o PO E B BURIE /NGRS R B, B B Ay Wi
AEZR 2B W ) (BB PR S T /N IR
A RLRAE BOR IR AL (B AEAR/ NI s T RIS IR
B F /NG R 32 8 T, AR AR SCHFA 52 AT
TG SEAG By 125 SR AR SR O 2K
[ DU e o3 A 1 FA AR
1.2 BWEH

B SRS PR AL 35 LA 2548 AR FIR /35 )
FIRES A (/NG AN B H 254 R R R BB JEE AL
FEA) 10 B I TUART 2 00 2 5 A/ A 7T T A
s R S B 45 AT TR RS TR AR W oy
FEVERD 80% 1 o 1 T4k SRR s v 4 B i
CT A AR S ICRI D kA8 A 15 R AL B
BN BN BN R A
PR RIFE RS

2 BRI

BB B Y A R, RS R AT
STBURA U7/ WA K=ol 7N S R = O = o5 T e Y [VAC AR A O I
TRz Ko il 0 A E Y, B YR T BT ). R
3 o5 B I AT B IR N2 T ) R R I ey 28 4 b
TEAEW 12280, ARG AR A HE W 124 248, ik
BB A A

Tang %' 38 33 i FH &5 4 ¥ R 4h & € B CT
(HR-pQCT) py X} B 98 & B, SXTREZHAH L B T
J g 0T A DY A 10 1 28 S S BRG]
IR Bz T 28 N PR v 3 it M A S 1 P I
TR A8 0 R WLAB R L Stein 2501 3 4 22 )5
s MR E R &, 5 J0E Bs A iE B 37
AR L, B 3 A NI B B sb , BASE LR
BERE EYT AR SRR R A5 DI

TIBEAR 40% LA b 1 1B 0 5ER A 1 0 5 U0 A8E i )
R BEAR 15% ~20% . Zimmermann 250 fjF 5% %
B, AR B AR LL, - O P A8 2 A
(I SR AR TRV ) BRAIR 22% , 5 K25l Iz g A
JIR S 3 (I £ ] R AR ) BIREAR 27% o

R S SER TR W, B BB A E 25 R B0
AR AR A BRI g B ) B S AR W) ) 2 2
%, AT S50 H i o R A M o7 et
(] S e B i A IE A7 0 1 i 9 i) S M BT AAIR
A B XU T i

3 BRBMEREERHEN

B B AR YEE B AR )2 Re 0 S a3 KU v
EEZANEN o B R0 E D) 1 # R B T E AL
B RE , FLER AR FI R /NP SE T B B Jo i) LB 3 A
B R FLAR RGN, B R B A A 4 2
Re A &A%, Zimmermann 28" fifi F§ Micro-CT %
B, B DGR ANAE S B L B R R AR ek IR Y
3.5 4%, Patsch %" ARt BoR , K AENEYE S AT
14 FE A B JE L R R A0t R 20 I 5 v o FE X B o
BAAAE SRR B ST b, Y 2600 % B, 102 22
HARJG 24 A B, 25 519 5520 0B S00RTME (AR B e o £LL
B 50 HEZE A EL S 0 1

Tang %" BF9E & R, 15 %6 B LA EL, K301 AR
W B POV T BRSBTS
B B BT M I ., e B SRR P s/ 6. 3%, J
JEFLBRBE S 5 13. 6% o Zhu 25 %o 4 2 BT 0 4
B Jo JEE R FLIRE BT 5% i B, A )8 R A e AR K o
TRRCZ I, IR AR B o 3R W 4 I R85 i B I J5E
Yol T B S FLBR B MG 5 o Stein 281 L R B B
PAPE BTS2 B e B AR BB B o P 3 A o} R 2
o B2 e s 0y SR A T AR /N R AR
B BB B BT AR DN B BRI R
W AR T X R 3 32 i3 R B A A S R
A9 A T TP RRURI B /N B TR A R /N i B B T AR
A B Jo %85 R B B Jo JEE R AR

B R P S AR Al ) AR R AR B T
B R FLIEEE R 5 L Bt e AT gt
ol LS00 TR T ol B ) B 224 ) Pl Y
F AR, e T B T A i AR I T XU 1
Fo M EIRAIFFE S5 A KE R I, AN LH K Bk



EREYWHE $£32% H4H 200758 A
390 Journal of Medical Biomechanics, Vol. 32 No.4, Aug. 2017

W OB MAAE 1 K A A J i AR Ak , 1 B J LA FE AR
Gk S B a2 SRR VA 1 2 L P N T W 17 = 9 D i T B
AR 0B R R A R /N

4 BREREDENROEL

B W) 1 R TR T B R A B R R
L T OIS # , BB 42U 23 () 454 . XLfE
X R85 BEAL (DXA) FZ R L Z AR R IX 43
R TRV /NGRS P E i CT Mg SR
SETAN 7 AT AR A B A S A R AR
B /NRECR B NREE B N RIE R g
JiE LERGRIRFE R, Stein 25 BEGE R B, BT
SR BN B R AR B TR 2 A1 T
/N E BRI, /N 6 6 HE B LR /N2 ] £
TR, TS A R A CT RO BR T
SIMTRTE A A B A A AR N i B fk
FRE A TR /N 4 B R 32 58 725 16 L 7 T R TR
HA T 5 3B/ INRRE I E 1 BT

TEH FRBUAAE 2 455 0 (4 S2 36 v, Hu 2500
FERI, ST ARLAH L, 22 51 54 /N R85 i A 7
B I K B S /0, 5 B0 4 K B /N AR R
S R RE VB W) S AR AR, T 4 R R HE A /N
I, Yu U, R IR 24 A
J5 , WEHEDR I /NP2 5 R T AR LA L, A
SR/ INGRRCR: 3 R ) S AR AN, T N 2 ]
B 1 A, Shin 25750 ff ] Micro-CT B & 3K,
SF ARG, A 8 JH 2250 H20 K B NR R
JEE B 30, /N GR ] B B K BN IR
FARYE 9. 1% AETFA 8 FHJG , 200 415/
B LT AR 56.9% |2 5 0% Hsu 2677
(O RIFFE LI S, Xof B 2 J 7 S5 /N R (R A4 B
T 22 B0 L2, T 2 1 S 2H IR SR /N ]
T R

L BN BB R R R AT N
PN RS | JBE R Y 3 L I 2 R I 64 A W
SEBRE . AER BN, B R X /N 5
LT o B BT /N2 R B ISR S35 1]
SRR, B AR BN S T
] B S A SR TN R B R R AL R
A

5 REZEH

BT TS (™ P ) FA ALY (Aan i
A FVFEARRC IR AR 1) 2R, A R0 1 o0 76 - B I
S9PErP RS R U], @ H U BT IE R B g
R i RIS B P 5 e A 1 A Al A AR
W R B AR DG 1 AR A i A, U R
A PR BTy B B B (0 S SR P R0 A i
BERIIRE S .

2 i B8 148 1 1) B 5 i 4 A 6 4 il R I Tl 52
W o TE—RCIE LT, il A2 3K 2 it B I it 2 11 19 TE
SRR X AR )RR 4 5 AR BB SCHR RO AR Tl
WEEE AL S 0, B B IR 30 A 2 Ak 28 7 1) (AGEs )
AGEs TE8 BT /A 1Y) A 28 & e i AN B AL 2R o
A bE 2 Ak & N S B4 2 k. A UE B R I,
RAGE (receptor for AGEs) 271 T2 M2k Al E
T AGEs 324K BT L) B 432 5% i 20 MO Th B, & 19
PS5 RAE | 20 M 1) e B A RN R SR L 2Lk IR A Ok
B RHANT , % RAGE 3244 AT 10081 5l 13- 40 Jit ) 4
1 X VA WA 2~ 1Y O Ducla B | K 2o | AT A 195
BT,

R B 22 IR R B A LR T B U
AW 1 ERE R o 3R A i S ER  e J AR
X AR ) 7 2 v B A REUR 1) 52 e, T A il A2 B
FBMEYERS I 2%, an R R R E R IE R, &35
B FA P B AL T R R I S R
IR 2 SR Pk, T ELRE B A L T g
JF AT BETEH BTBANAE i 5 | S 1) B Jiamii 2 v 2 4 i
BER

6 4HiE

H BUBANAE A o — i Pk B R , R 0]k =
WA A B4 s PR AL, 7 B S R A R IR AL, 1
YR LA BT A5 L2 Wi FR T, A
T REFME S LT A, B Y TR
WA G B i RS SE VA S e SR B . A A TEHIL
Jo R AUB I3 B B BRI /NG ) (oW B % WL 4
PR 2 B LR ) T2 PR o AR SO B B2 i B
NGV A 11 45 22 75 T B 1 A ) g A R A
JRBRAAE 8RO, A7 Bl T 50 AE R DA %
AR XUBSE , MTI A T AL A B R 7 i A3
B2 1 PSR .



MNESE BEMNFHEETRRRETIRE

LIU Fen-dou, et al. The changes of bone biomechanical properties in osteoporosis 391

Sk

(1]

[2]

[3]

[5]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

GOLOB AL, LAYA MB. Osteoporosis: Screening, preven-
tion, and management [ J]. Med Clin North Am, 2015, 99
(3): 587-606.

CHAPPARD D, BASLE MF, LEGRAND E, et al. New la-
boratory tools in the assessment of bone quality [ J]. Os-
teoporos Int, 2011, 22(8) ; 2225-2240.

WALLACE |J, RUBIN CT, LIEBERMAN DE. Osteoporosis
[J]. Evol Med Public Health, 2015(1) : 343.

GULER OKYAY A, KAVAK S, TURKTAS U, et al. Biome-
chanical effects of menopause in ovariectomized rats’ fe-
murs [ J]. Gynecol Endocrinol, 2014, 30(1) : 62-65.
JOHANNESDOTTIR F, TURMEZEI T, POOLE KE. Corti-
cal bone assessed with clinical computed tomography at
the proximal femur [J]. J Bone Miner Res, 2014, 29(4) .
771-783.

OSTERHOFF G, MORGAN EF, SHEFELBINE SJ, et al.
Bone mechanical properties and changes with osteoporosis
[J]. Injury, 2016, 47(S2) . S11-S20

NORDIN M, FRANKEL VH. Biomechnics of bone [ M]//
Basic biomechanics of the musculoskeletal system. 4th ed.
North American: LWW, 2012. 472.

FONSECA H, MOREIRA-GONCALVES D, CORIOLANO
HJ, et al. Bone quality; The determinants of bone strength
and fragility [J]. Sports Med, 2014, 44(1) . 37-53.
MARTIN RM, CORREA PH. Bone quality and osteoporo-
sis therapy [ J]. Arqg Bras Endocrinol Metabol, 2010, 54
(2): 186-199.

PATSCH JM, BURGHARDT AJ, KAZAKIA G, et al. Non-
invasive imaging of bone microarchitecture [ J]. Ann N Y
Acad Sci, 2011, 1240 77-87.

SEVIL F, KARA ME. The effects of ovariectomy on bone
mineral density, geometrical, and biomechanical character-
istics in the rabbit femur [ J]. Vet Comp Orthop Traumatol,
2010, 23(1) ; 31-36.

TANG XL, QIN L, KWOK AW, et al. Alterations of bone
geometry, density, microarchitecture, and biomechanical
properties in systemic lupus erythematosus on long-term
glucocorticoid: A case-control study using HR-pQCT [J].
Osteoporos Int, 2013, 24(6) . 1817-1826.

STEIN EM, LIU XS, NICKOLAS TL, et al. Abnormal mi-
croarchitecture and reduced stiffness at the radius and tibia
in postmenopausal women with fractures [J]. J Bone Min-
er Res, 2010, 25(12) . 2572-2581.

STEIN EM, KEPLEY A, WALKER M, et al. Skeletal struc-
ture in postmenopausal women with osteopenia and frac-

[16]

[18]

[19]

[20]

[21]

(22]

[24]

[25]

tures is characterized by abnormal trabecular plates and
cortical thinning [ J]. J Bone Miner Res, 2014, 29 (5):
1101-1109.

ZIMMERMANN EA, SCHAIBLE E, GLUDOVATZ B, et al.
Intrinsic mechanical behavior of femoral cortical bone in
young, osteoporotic and bisphosphonate-treated individuals
in low-and high energy fracture conditions [ J].
2016, DOI. 10.1038/srep21072.

YU Z, WANG G, TANG T, et al. Long-term effects of
ovariectomy on the properties of bone in goats [ J]. Exp
Ther Med, 2015, 9(5) : 1967-1973.

WU ZX, LEI W, HU YY, et al. Effect of ovariectomy on
BMD, micro-architecture and biomechanics of cortical and

Sci Rep,

cancellous bones in a sheep model [ J]. Med Eng Phys,
2008, 30(9);: 1112-1118.

PATSCH JM, BURGHARDT AJ, YAP SP,
creased cortical porosity in type 2 diabetic postmenopausal

et al. In-

women with fragility fractures [ J]. J Bone Miner Res,
2013, 28(2) ; 313-324.

ZHU TY, GRIFFITH JF, QIN L, et al. Cortical thinning
and progressive cortical porosity in female patients with
systemic lupus erythematosus on long-term glucocorti-
coids: A 2-year case-control study [ J]. Osteoporos Int,
2015, 26(6) : 1759-1771.

WACHTER NJ, KRISCHAK GD, MENTZEL M, et al. Cor-
relation of bone mineral density with strength and micro-
structural parameters of cortical bone in vitro [ J].
2002, 31(1): 90-95.

TONG X, BURTON IS, ISAKSSON H, et al. Cortical bone
histomorphometry in male femoral neck: The investigation

Bone,

of age-association and regional differences [ J]. Calcif Tis-
sue Int, 2015, 94(4) : 295-306.

BARBOUR KE, ZMUDA JM, STROTMEYER ES, et al.
Correlates of trabecular and cortical volumetric bone miner-
al density of the radius and tibia in older men. The osteopo-
rotic fractures in men study [ J]. J Bone Miner Res, 2010,
25(5): 1017-1028.

PATSCH JM, BURGHARDT AJ, KAZAKIA G, et al. Non-
invasive imaging of bone microarchitecture [J]. Ann N Y
Acad Sci, 2011, 1240. 77-87.

T, RIRE, BER, B BB AARE X AT N ) 5
Wi R [J]. B AW J1%%, 2015, 30(1):
68-73.

DING H, ZHU ZA, XUE J, et al. Influences of osteoporo-
sis on relationship between trabecular stress and micro-
damage [J]. J Med Biomech, 2015, 30(1) ; 68-73.

HU S, LI J, LIU L, et al. Micro/nanostructures and me-
chanical properties of trabecular bone in ovariectomized

rats [ J]. Int J Endocrinol, 2015, DOI. 10. 1155/



EREYMANFE H32% F4H 2017588

392 Journal of Medical Biomechanics, Vol. 32 No.4, Aug. 2017
2015/252503. 13(9) : 1615-1626.
[26] SHIN YH, CHO DC, YU SH, et al. Histomorphometric [31] DONG XN, QIN A, XU J, etal. In situaccumulation of ad-

[27]

[30]

analysis of the spine and femur in ovariectomized rats using
micro-computed tomographic scan [ J]. J Korean Neuro-
surg Soc, 2012, 52(1): 1-6.

HSU PY, TSAlI MT, WANG SP, et al. Cortical bone mor-
phological and trabecular bone microarchitectural changes
in the mandible and femoral neck of ovariectomized rats
[J]. PLoS One, 2016, 11(4) . e0154367.

TURNER CH. Bone strength. Current concepts [J]. Ann
N Y Acad Sci, 2006, 1068 ; 429-446.

CURREY J. Role of collagen and other organics in the me-
chanical properties of bone [ J]. Osteop Int, 2003, 14
(Suppl 5) : S29-36.

TOBON-VELASCO JC, CUEVAS E, TORRES-RAMOS
MA. Receptor for AGEs ( RAGE) as mediator of NF-kB
pathway activation in neuroinflammation and oxidative

stress [ J]. CNS Neurol Disord Drug Targets, 2014,

[32]

[33]

vanced glycation endproducts ( AGEs) in bone matrix and
its correlation with osteoclastic bone resorption [ J]. Bone,
2011, 49(2) ; 174-183.

SAITO M, MARUMO K, KIDA Y, et al. Changes in the
contents of enzymatic immature, mature, and non-enzy-
matic senescent cross-links of collagen after once-weekly
treatment with human parathyroid hormone (1-34) for 18
months contribute to improvement of bone strength in ovari-
ectomized monkeys [ J]. Osteoporos Int, 2011, 22(8):
2373-2383.

WILLETT TL, PASQUALE J, GRYNPAS MD. Collagen
modifications in postmenopausal osteoporosis: Advanced
glycation endproducts may affect bone volume, structure
and quality [ J]. Curr Osteoporos Rep, 2014, 12 (3):
329-337.



