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Research development of biomechanics of osteoporotic vertebra compressive fracture LIU Nan CHEN
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100191 China

Abstract Vertebra compressive fracture is one of the common osteoporosis-related fractures. This fracture can be
seen as the mechanical event resulting from the applied load to a bone exceeding its failure load bone strength .
For osteoporotic patients some non-traumatic activities in daily living can produce the applied load that result in
fracture because of the low bone strength. This paper reviews the research development of biomechanics of
osteoporotic vertebra compressive fracture. We advocate that during the prevention of osteoporotic vertebra
compressive fracture the patients should not be used pharmacotherapy only to raise the bone strength but also
warn gerontic patients to avoid such activities which will produce overload to the vertebra in daily activities.

Key words Osteoporosis  Vertebra compressive fracture  Biomechanics

1/4
! United States 6% 50%
Department of Health and Human Services 2004
50 OVCF
Melton
2
6
23% ~ 34%
Osteoporotic  Vertebra Compressive
Fracture OVCF
3
/

100191

Email zhoumouwang @ medmail . com. cn

10

9%

Kado



2009 8 15 8 Chin J Osteoporos  August 2009 Vol 15 No.8
QCT
1.1
12
2
L,
2.1
80 44 27 17
13
Bouxsein 20 90 15%
I, 1/2 20 90
30 1.5 149% "
10 kg
50 1.3 50
1.12° 25 75 70%
15 ~ 30 kg " Brinckmann '
1000 ~ 2000 N
Haidekker °
3533N
1725N 2.2
National Institute for
Occupational Safety and Health NIOSH
Lifting equation 100 pm
Recommended Weight Limit RWL "
1.2
2.2.1
BMD
11
1994
X DXA

QCT

QCT

QCT

Fyhrie

619

20 ~

r=0.8



620

2009 8 15 8 Chin J Osteoporos  August 2009 Vol 15 No.8

19

Diamant
Lys
1.67 MPa + 0.42 MPa 190 MPa + 50
MPa Yener
)
Homminga *
Andresen
Matthew 2
10%  Senthil #
0.383+0.06 mm
21% ~ 39%
38% ~ 68 %

Hulme %
/
2.8 % 14.6+3 %
10.7+2.4 %
micro-CT
2.2.2

10
12.6 =
10.5+2.2 %
/
Senthil %
Yamamotoa 7

20



2009 8

15 8

Chin J Osteoporos  August 2009 Vol 15 No.8 621

2.3

Ls/S;
20 100 200

. 2
Silman

30

BMD
BMD

Steven

300 N

6646

20%

50 79

Marrissa

BMD

13

14

BMD

Cummings SR Melton LJ. Epidemiology and outcomes of osteoporotic
fractures. Lancet 2002 359 1761-1767.

Department of Health and Human Services. Bone health and
osteoporosis  a report of the Surgeon-General. Rockville US
Department of Health and Human Services Office of the Surgeon
General 2004 .

David HK  Alexander RV. Osteoporotic compression fractures of the
spine current options and considerations for treatment. The Spine
Journal 2006 6 479-487.

Matthew JS. Biomechanics of Osteoporotic Fractures. Injury Int J
Care Injured 2007 38 S3  S69-S76.

Melton L] Atkinson E] Cooper C et al. Vertebral fractures predict
subsequent fractures. Osteoporos Int 1999 10 214-221.

Kado DM Browner WS Palermo L et al. Vertebral fracture and
mortality in older women a prospective study. Arch Intern Med
1999 159 487-492.

Bouxsein ML Myers ER  Hayes WC. Biomechanics of age-related
fractures. In Osteoporosis. Marcus R Feldman D and Kelsey. J
San Diego Academic Press 1996 373-393

Bouxsein ML Melton III LJ Riggs BL. Age and sex specific
differences in the factors of risk for vertebral fractures a populaton-
based study using QCT. J Bone Miner Res 2006 21 9  1475-
1482.

Haidekker MA  Andresen R Wemer HJ. Relationship between
structural parameters bone mineral density and fracture load in
lumbar vertebrae based on high-resolution computed tomography
quantitative computed tomography and compression tests. Osteoporos
Int 1999 9 5 433-440.

NIOSH 1994. Applications manual for the revised NIOSH lifting
equation. Cincinnati  US Department of Health and Human Services
National Institute for Occupational Safety and Health OH. DHHS
NIOSH  Publication No.94-110.

Hernandez CJ Keaveny TM. A biomechanical perspective on bone
quality. Bone 2006 39 1173-1181.

Michael AA  Patricia D. Spine biomechanics. Journal of
Biomechanics 2005 38 1972-1983.

Mosekilde L. Normal vertebral body size and compressive strength
relations to age and to vertebral and iliac trabecular bone compressive
strength. Bone 1986 7 207-212.

Riggs BL Melton III L] Robb RA. Population-based study of age
and sex differences in bone volumetric density size geometry and
structure at different skeletal sites. J Bone Miner Res 2004 19
12 1945-1954.

Mosekilde I Danielson CC. Biomechanical competence of vertebral



622

16

17

18

19

20

21

22

23

2009 8 15 8 Chin J Osteoporos  August 2009 Vol 15 No.8

trabecular bone in relation to ash density and age in normal 140.
individuals. Bone 1987 8 79-85. 24 Senthil KE Harun HB Mark FA. The micro-mechanics of cortical
Brinckmann P Biggenmann M  Hilweg D. Prediction of the shell removal in the human vertebral body. Comput Methods Appl
compressive strength of human lumber vertebrae. Spine 1989 14 Mech Engrg 2007 196 3025-3032.
606-610. 25  Hulme PA Boyd SK Ferguson S]. Regional variation in vertebral
Fyhrie DP Kimura JH. Cancellous bone biomechanics. Journal of bone morphology and its contribution to vertebral fracture strength.
Biomechanics 1999 32 1139-1148. Bone 2007 41 946-957.
Mitra E  Rubin C Qin YX. Interrelationship of trabecular 26 Senthil KE Atul G et al. Locations of bone tissue at high risk of
mechanical and microstructural properties in sheep trabecular bone. J initial failure during compressive loading of the human vertebral body.
Biomech 2005 38 1229-1237. Bone 2007 41 733-739.
Diamant I Shahar R Masharawi Y et al. A method for patient- 27 Yamamotoa E Paul CR Deva DC. Development of residual strains
specific evaluation of vertebral cancellous bone strength  In wvitro in human vertebral trabecular bone after prolonged static and cyclic
validation. Clinical Biomechanics 2007 22 282-291. loading at low load levels. Journal of Biomechanics 2006 39 1812-
Yener NY Eric AZ  George WD. Trabecular shear stress 1818.
amplification and variability in human vertebral cancellous bone 28  Steven AL Gunnar BJA Owen D. Schipplein. The effects of initial
Relationship with age  gender  spine level and trabecular lifting height load magnitude and lifting speed on the peak dynamic
architecture. Bone 2008 42 591-596. L5/31 moments. International Journal of Industrial Ergonomics
Homminga J Rietbergen V. Lochmuller EM et al. The osteoporotic 2003 31 51-59.
vertebral structure is well adapted to the loads of daily life but not to 29  Silman A] O’Neill TW Cooper C et al. Influence of physical
infrequent’ error” loads. Bone 2004 34 510-516. activity on vertebral deformity in men and women results from the
Andresen R Werner H]  Schober HC. Contribution of the cortical European Vertebral Osteoporosis Study. Bone Miner Res 1997 12
shell of vertebral to mechanical behaviour of the lumbar vertebrae with 813-819.

implications for predicting fracture risk. Br J Radiol 1998 71 30  Marrissa MartynStJ Sean C. Meta-analysis of walking for preservation

847  759-765. of bone mineral density in postmenopausal women. Bone 2008 43
Silva MJ Keaveny TM Hayes WC. Load sharing between the shell 521-531.

and centrum in the lumbar vertebral body. Spine 1997 22 2 2007-03-25





