Biomechanical examination of osteoporotic spine
fracture using finite element analysis

B&5:jpn

HhRE

~FHH: 2017-10-04
F—7— K (Ja):
F—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/9749




ERKEFT2ESEME £115% $15 37—45 (2006)

BARETHIIBT 5 BN BERT O 4T Z 1T

ERRFRFEREFAMAHVFAEREERBEERES
(BF#ES | BRARD
(E1E | EHBEREE)

L

# B2 &

FHEEFEIIBTAENOREBF LTI Ya -5 32— a X2 D EKRNZMICKRE LS. +4bb, CT
BELIEROTIINT—hs, 0 Ca—5 L T3REEFNVEER L CERERBNETo7. THAARHREL,
SEFIIH L ZEL AV F - XBRIVAEE (dual-energy X-ray absorptiometry) % AV C& 1EH (L) OBTEZAE L.
fEBIA, B, C, DOBEEHRAFHE (young adult mean) {INEIZ98%, 75%, 63%, 46% Tdh 7. 2hFROEFICH L TLL%E
CT#H# L, £DHEET— % % b &£iZMechanical Finder™ # AV CHREZEEF VAR L. LIMATRLEAMEL
FLEPL - FRL2EEERWELANL, WEMOEN 2T o7, BAORELHIIEESIA, B, C, DZH 2 1400N,
1000N, 600N, 600N THLU7:. MAIIESHELBW T2 L EBEICEBR L, SEMICBV T PHEN A CEIRIRE
L, SOIIKRELHENBHSND Z LX) BIEMEEN T2 5WHNEDS S Z L5 h o 7=, BEMICHIHRIRET»S
VI EPEENFEHCEST ORI HERFICIESBRIEEL, HARFE L AHEL L 50, HEICHERFD
BEPGHICHRTH 20T, BERMICHENFIZICHPAEDTsEEL . T, BHBEDOLWIEFA, BT, &
PRI S TRIE a2 o 285, BHBENESIC, DT, HANOERE TCORNRENS LRSS, HASREIIE
NHEELOBED LR R, HERBIZITERIFRAL., ChHEBEEIMECEHREOTHEIE, TELEEED
ATRITEI ETHAD, BERFOREEICE TIENPFETL, HARBIIFBNSE L2007, BHRETRTIN

37

TREGFRLTOBRGEZSHICE S, BREROBBICEET2ULEFDH 5.

Key words osteoporosis, spine, compression fracture, finite element analysis, biomechanics

BFHEBERR, BHEVFETTAILICL ) BIHoRRENS
FoFETHL, TOBRERIBEELEEOAMEICL-T
RESNZY. BRICIBOMMBE, BRHOE, Bhy 2
—VOER, AKILDRERE, a5 —Frh EOBRENIEENE
BLTwa., LiL, BEOFMIBEEOLZAHLL, AKX
FEREFS TR, EREBHBREODEEZ BEEEISEE
B (20 — 44 7) F¥ME (young adult mean, YAM) O 70% &%
DHEEFELTE), BEEEFYAMD70~80%DEE%
FEBIEBEL T0BE?.

SR EETUA BT, BREBERKESHAMEN—DT
H5. BHBEEFEIIBL, HETHEZI00FALEDbAT
Wb, FHEEICL2FMEIRNOERE I RWT, RSEORE
EDDEROE2MTHN Y, BEOEFOELELILET
S, DVWTHERBOBRT L. SERERHIS S0
DX, FHBERERLISIIMMTs LTRSS, £
DEHBECRISHEE A LA BHEFTHEN THS. 4
BHBHBINOBREBRTHIIE L, 608LL LItk LE#HE
EDIZRBITHENT A0 ARAKEDT0~ 745 TI225%, 80~
B TIIB% D OEE THEFTN RO L EHMEINTNEY,

FRI7THEILA 22 AR, PRITHEI12A 4 A%H

BHBEIET TS L, FHREIBHZMEPHIZIIEEOR
FEEHEICL T, BHUBMELELA L2k b, BHE
HEHEMEIIL, BEE OB ETECLERE BETH),
BRETORRLZ->Tw5E, 372, BHBHEETE LD
FHBNOKRELR IR 50, BHOSHEIFIIITHREELE
DETOPLE - ABEHRAKEFERILEBRRIRSY.
INEBEFOREOBET R ETO° D24, E5I101E%
COYRAZ % b5 5 PM,

FHBENFHEINORELEAL, FHLIERER2EIT
CERERHSOBE, HENEHETHL, FOLHIE, F
TEHBREBFHGITOREBEONFESRETHL M T ELE
BHbH. Lirl, FEEHOREBFIXITHTHS.

AHFETIE, EBEOBREIBITAEHOCTHEELY S &1z,
HREFMY 7 b2 TERWTEREERT 2T 2 &1
£, ERICBITZ2EHEBSTHOBINABYEEL, B4
BEOBELIZENBENEVZELMIITAILFHY
L7

Abbreviations : DXA, dual energy X-ray absorptiometry ; L1, 1st lumbar spine ; MF, Mechanical Finder™ ;

SSR, stress-strength ratio ; YAM, young adult mean



38 E

Three nodal-point shell elements
(Cortical bone)
Thickness of the shell : 0.3 mm

Tetrahedral elements
(Cancellous bone)
size : 1.5 mm

FEM model of a vertebra

Fig. 1. Diagram of the finite-element model. Tetrahedron elements (1.5 mm) are applied to represent cancellous bone, while three-nodal-
point shell elements are used for cortical bone. The shell elements are placed over the outer surface of the tetrahedral elements.

b LUFE

I. #¥%

EHEBEIROREL L, BHBEOHBED v, 59K,
667%, 647, TIRMOBBBRLB4NEWHREL, TAER,
BiA, B, C, D& L7 HBEIE, ZoOHRNVBEL TSI
L, AE*B-. BRI BHREERSIFCROEE
A EV & 1R (Ist lumbar spine, L1) BiL& LA™, £5EF)
AL, TEIRANVF-XHERINE (dual energy X-ray
absorptiometry, DXA) (Hologic QDR-2000, Hologic Inc.,
Bedford, USA) # W CLI DEHEEMEEMEL. 72, £h
FROFEFIH L TLIE2E% lmm B TCT (Virage, HILX
743, RE)#mELL.

I. BREFZTTIVOER

BELACTHEBET %D EICAIZANT T4V —
(Mechanical Finder™, MF) (version3.2, stENFHE L ¥
—, KR #HwT, 2hFhOEFDLIOFREZET V&
ER L7:. MFIZBE&FE3RTHBERE L TELH L, ThiZ
BREZEBINFERTALIET, EFVERZITTIIRCER
ERELITIZELINTER Y I 72T THE. ZDOVT7 Y
7 IEREZBNCLELTIR T — 7 LM RIFEO T T%
CTHEHEDADPLEBLILNTELOT, BITOBIZLELD
DEMREGDLBEOCTEHENPATHE., RETHVY T LY
2T TCRERV LDV EDOMBERENEETSH - 7245, MF
WEEOIFEYEE T KB L - — B RESTRETHE
D, LVEBYLEREZETVOERFTRTH L. BEH
OHEBEZET TNV, 130% 15mm & LAENE®KD VY v F

BE, TobbHHENROBRERS 2R TEZL, 14N
1.5mm TE XA03mmD Y 2 VEE, §42bblEAERIZSH
PEEABRDERTEZEN»S 2550 E L (M), EFIA, B,
C, DOEREZETTNVIIRERBAFNF1 171316, 163214,
181851, 158273 C&dH o 7= (K 2).

. HREFREN

FNEFNDERIIBIT I EHFEEIFERER T HVTCT
ErLER LA (N3). BEREELZEELLT, Ththoy
)y FERIZDWTY Y 7E, BREH, 5ERAMBRISH %
—HHIEWSNR TV Carter DR T X W BEH LA, $ 7,
BT LERRT7 Y Y RIIEEOR P BT EREE» 8
HL7.

WERHEL LT, HAEATEzZ2BEL, #ELE,»HEE
EMWELANL, WEESBN T2 (4. FEESH
MTHEDOT, —~EDEHMEL—ELTAWNTI2HITLIEE
Y, WEEZBRAIERLLTWE, FEBTOEROENE
BLEWSHIFTZHED. Lo T, FHEIRLAICHELIL T,
CBEFEMCTIMTETHL. ZOBTEFERIBEHLTC
DENLTTHEFHIL T, S2BEWTIWER, #
R ENLBEEETIIMTONIMESE L.

T, BUWARY -2 FHTIDKE, FREROEFRICH
L, IE/I58E It (stress-strength ratio, SSR) % fiv 7:.

SSR=FEHDILH EREZTF VLIV EHEShH) /B
FOWHBE (CTHEL VEE Sh#H)

SSRA1 4 BA 7256, BROWE (1) PEZISLDEH
EBL7. SSRMW1ZEIL-BEZFZIREIZTOy P&, FIFE
LTINS L ICEREL .



BB B 5 BRI O L6710 39

Fig.2. Three-dimensional finite-element mesh of the L1 in Case A, B, C and D. The number of nodes included in the resulting finite
element models was 30613, 28866, 31904 and 26429. These four finite element models were used in this study.
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Fig.3. The bone mineral density of each solid element was
individually calculated from CT values.

Density (g/cm® = (CT value [H. U.] +1.4246) X 0.001/1.0580 :
(CT value> - 1)

Density (g/cm® =0.0 ; (CTvalue< - 1)

CT values are expressed in Hounsfield Units.
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Fig. 4 . Loading condition. The lower surface of the vertebra was fixed and uniform pressure was applied to the upper surface. Then non-
linear finite-element analysis of the fracture process was carried out with incremental loading.
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Fig. 5. Finite-element models of the 1st lumbar vertebra created for each patient (A ; case A, B ; case B, C ; case C, D ; case D) (upper
stand ; lateral view, lower stand ; top view). Cracking process during fracture analysis of the models. Sites of failure were computed.
Elements with a stress-strength ratio greater than or equal to 1 are shown in red and yellow, respectively. Fractured elements are shown
with the total load F. Cracking started at the midpoint of the anterior wall of the vertebra, and then spread widely around the anterior wall.
The fracture extended laterally with an increasing of load.
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Anterior Posterior

Fig. 7. A ; SSRdistribution in the mid-sagittal plane at breakdown point (a; case A, b ; case B, ¢ ; case C, d ; case D ). The SSR color scale
ranged from blue (low values) to red (high values). B ; The trabecular core immediately made a contribution to SSR in the vertebrae
without osteoporosis in case A. C ; The trabecular core contribution to SSR was low despite an increase of the load in the vertebrae with
oslteoporosis in case C.
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Fig. 6. SSR distribution of the models at the breakdown point (Posterior oblique view) (a ; case A, b ; case B, ¢ ; case C, d ; case D). The

SSR color scale ranges from blue (low values) to red (high values).

Elements with an SSR greater than or equal to 1 are defined as failing.

The predicted fracture area is shown in red. There was preservation of the posterior wall of the vertebral body in the subjects with healthy
or osteopenic vertebrae (cases A and B). On the other hand, SSR values were high at the posterior wall in the subjects with osteoporosis
(cases C and D), and the fracture extended to involve the posterior wall of osteoporotic vertebrae.
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Biomechanical examination of osteoporotic spine fracture using finite element analysis Serina Awamori,
Department of Division of Cancer Medicine, Graduate School of Medical Science, Kanazawa University, Kanazawa 920-8640
—J. Juzen Med. Soc., 115, 37 — 45 (2005)

Key words osteoporosis, spine, compression fracture, finite element analysis, biomechanics
Abstract

The purpose of this study was to identify fractures in osteoporotic spines. CT scans were obtained in four women and
finite-element models of the Ist lumbar vertebra (L1) were created for each patient using Mechanical Finder™. Then the
lower surface was fixed and a uniform pressure was applied to upper surface of the vertebral body, after which non-linear
finite-element analysis of the fracture process was performed with incremental loading. The bone mineral density of the L1
vertebra was measured by dual X-ray absorptiometry. The relative bone mineral density of Cases A, B, C, and D compared
with the young adult mean (YAM) value was 98%, 82%, 63%, and 46%, respectively. The model vertebral body was
completely destroyed at 1400, 1000, 600, and 600 N in Cases A, B, C, and D, respectively. Fracture initially occurred at an
anterior site of vertebra, and then extended laterally with an increase of the load irrespective of the bone mineral density.
These findings explain the high clinical prevalence of anterior wedge fractures. Fracture occurs there first because the
pedicles provide more support to the posterior vertebral wall. There was conservation of the posterior wall of the vertebral
body irrespective of whether the bone was healthy or osteopenic (cases A and B). However, the subjects with osteoporosis
(cases C and D) showed damage to the posterior wall of the vertebral body. In the patients with osteoporosis, the trabecular
core did not make an increased contribution to the stress-strength ratio and this ratio increased excessively for the posterior
wall so that it was eventually damaged. This was probably because the decline of bone mineral density caused weakening of
the cancellous bone, so that the entire load was placed on the cortical bone. Thus, posterior vertebral body fractures can arise
in patients with osteoporosis and can potentially result in neurological injury.



