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Abstract : This study investigates the biomechanical efficacies of vertebroplasty which is used to treat vertebral body fracture with bone
cement augmentation for osteoporotic patients using image and finite element analysis. Simulated models were divided into two groups: (a) a
vertebral body, (b) a functional spinal unit(FSU). For a vertebral body model, the maximum axial displacement was investigated under axial
compression to evaluate the effect of structural integrity. The stiffness of each FE model simulated was normalized by the stiffness of intact
model. In the case of FSU model, 3 types of compression fractures were formulated to assess the influence on spinal curvature changes. The
FSU models were loaded under compressive pressure to calculate the change of spinal curvature. The results according to the various factors
suggest that vertebroplasty has the biomechanical efficacy of the increment of structural reinforcement in a patient who has relatively high
level of BMD and a patient with the amount of 15% PMMA injection of the cancellous bone volume. The spinal curvatures after compression
fracture simulation vary from 9° to 17° of kyphosis compared to that the spinal curvature of normal model was -2.8° of lordosis. These spinal
curvature changes cause the severe spinal deformity under the same loading. As the degree of compressive fracture increases the spinal
deformity also increases. The results indicate that vertebroplasty has the increasing effect of the structural integrity regardless of the amount of
PMMA or BMD and the restoration of decreased vertebral body height may be an important factor when the compressive fracture caused the
significant height loss of vertebral body.

Key words : Vertebroplasty, Compression fracture, Bone mineral density(BMD), PMMA, Biomechanics, Finite element method
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Table 1. Material Properties for Intact Vertebral Body

Material Elastic Modulus Poisson's
[MPa] Ratio (v)
Cortical Bone 12,000 0.3
Endplate 10,000 0.3
Posterior Elements 3,500 0.3
Normal Trabecular Bone 140 0.2
PMMA 2,200 0.2
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Table 2. BMD and Calculated Elastic Modulus for Patients

Patient BMD Elastic Modulus
No. [mg/ml] [(MPa]
1 11.2 8.9
2 20.4 18.6
3 30.8 30.5
4 491 53.4
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Table 3. PMMA Volume for Patient and FE Models

Patient Amount of Cancellous Bone Vo!umetric % of
No. Injected PMMA Volume Injected PMMA
[mi] [mil [9%]
1 2.0 11.6 17.3
2 2.4 8.6 27.9
3 2.5 12.1 20.7
4 2.0 17.7 11.3

B e 9ahel

2 QUi 2YHL AA 5Ae Asagent A
3o CT AR )& 2AS st A3Ae FHo2R
H # AdEs} 98 uke 20 AYstdri2d 4).

Jd 3. A& 7o CT g4
Fig. 3. CT Images after Vertebroplasty

E Q h
PMMA

O 4. R¥2s 2Yo M8H 2 AWES TY Yo

H o =

Fig. 4. PMMA Region Applied to FE Model

J. Biomed. Eng. Res. : Vol. 25, No. 3, 2004



FA A¥E Ae A E *]“357} FUHE d9& F
ZA ROl MY BaFe] B} T ANES HAE P
=4 §9) met g2 ‘/}E}Urctﬂ oj# gk F AWES
4] gAo] e A 4¥ee 4A %

371 98te] = AWES 298 98 94E
0;1 x—]Zxﬂ""— 7]2,30§ Z—]tﬂ- ZO]—[ _‘?‘_B]—/ JE]
2 RS 2 AUME £ 498 HE&IARA

agl 5 2 AHE Folgdodol MY
Fig 5. Reconsideration of Simulated PMMA Regions

5. 84 24 @ AA 27

Myer S[16]2 44 A&y & F Je 25049
Aty stEe] Wz <k 4007 2,100Nejgty B3t Y
t}.  Tohmeh F[5]9] ATl 93d, TvdzF HFA 9
ZAo] ¢ 23mme] 437 WYl AP olue
g °¥ 2,400N ¢} #24 ¥ FFo)UTk. T3 Belkoff
51714 ?iv%ﬂ AAME o]} FAMgE AAVE Hu Hol
vl Qth o]S ZAE dto] B dAFgME Y IFoT
= o3 29 A¥EE AE 2o IR HEA F
dg op71F 4 e 2500N9 7 <t ks 7&]_[..;@]]
AEdo] st FA A¥ES B JFAY F2FH <
HAe 27 E0E BEMgnz sdch

48as 2do HsdRe sEPY RE HFHPEL
wakol the] T&3t o] mE HEAY FAAA
WRslg . E£3 dpo] JHEIRE HE2A I
e 28ty Yty 758k Bl AdEAe
& e Act.

@ e e td
o o offt i
_&Emlo

tlo oftt

[=2)
i
5
M
I
o
el

1) BLEo S0 MHE &

BAE9 A& HolHE vgoR & 414 &
9% %S /8 vz F 2l “‘@3 oNE A
2500N9] 432 ¢&F oS /15 ¥, HFA 4F
0 4 \1ZFs EAsAo “:6} Zxﬂ qEs A
wE A 9%y aRs L4317 Qe Ae A A
FFS EdoA B Ho £ Wgs As
Hol 4 HeFE vlusta.

1t

f
o
(s}
gmL
P

ﬂJJ

o] 283 =] : #2570, A3E, 2004

oA - FAY - o] HE - o)A

2 AMEY TPl B2 A YY) ANE 24
7] et BAEY FUES 4P HPes 2o
717} 57440 9) & AWE FQB(0, 15, 20, 25, 30%)L 3
golach. 2URY Wsle] me ®4% FAskA 2500N
o #3 §E 35 sl A gEue Ay 4
MAFS BYIA B, T ARE FYF Az U@
Bokg vmsll Asel 4 @F ¥ A 1 AR
o gx BRE PG

maz. Displacement Before PMM A Injection
maz. Displacement After PMMA Injection

o}
'I_

3]
¥:3|
2

o L 1th
of oK
r,: tlo of¥
N
X
i,
rie,
o
>
]
>
-y
1A
it
i
>,
=)
£ 40

01‘0
El z0 3L 2 oo

2~

7 wWege nugozn AA FAFe] HA
st B39t =3 AFEAY F£xA g9
A58 Wrhe7) e @ AME F¢ del mus
Fo mde] Ay £ WAFL TAD 35 ol
st

I ol

I N oN ox

4) B NHES = AXI0 MHE S&

qudes 49 P2 AAEe A%e g
?‘J s Xﬂ’\]i‘f}ﬂ -‘?43}@ du e IAZ
(anterlor) Z % (center), % L(posterlor) X104
éo(lateral)oi ?—ro}o% F AWMEE F3 §3es
ase] 54 4F G55 AY £ AY 57 WNEL
B w3t o).

H:i

Type B. IH= Qg A WY

1 ol H3AY 78

gEd HFA o A 2l FEL A A 12 5
(T12)ol A A 2 23(L2)7kA)2] HZ2A ) thd CAD dlo)
E}(View Point Data Labs)E wlg oz o3 Z*"xﬂ«] 7]
serx W volBE A%sAT. Aze) AFAL 844
S 2425 /\}._&5}01 Arzu3 321, j,];d:ﬂJ,}. A}
z5 ?TOPS’&"E} ool dR7F FHFA Efé}% Zﬂ
oz YAHAG. A AFA) f9as 2d9 A
AZs AEed HEW, o0 Fheit FE4e
AR o,

HU_E

71€ 2310l AR 3t =9 ws

PHe AgHozA s2e Aol BHE 9L o &

HHoz mAsuA S (E 9).
FA B0 Aol B FA) PIBY TUEE Da
Sl St g BAEe Az AAse 8L 5
=9 wste] 9P wAA 2

A Zgozn FA9 B4



JRYG PHF FHLLY

tlo

59 24 49

A

b FA 9] Eold At HE 5 - HX
J¥e 2N32A gonz T Yoy
e HNE dEe Az 3std mdy kg

E 4. SN =0l i v SHN AHS
Table 4. Anisotropy Constants for Human Vertebral
Trabecular Bone.

. Anisotropy . Anisotropy
Ratio Constant Ratio Constant
EZZ 1
Exx/Ezz 0.42 Gxv/Ezz 0.153
Evv/Ezz 0.287 Gxz/Ezz 0.131
Vxy 0.226 Gvz/Ezz 0.183
Vzx 0.399 Vzy 0.381

Ezz = on—axis modulus (vertical modulus).
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Table 5. Overall Dimensions of the Collagenous Fibers of
the Annulus.

Total Disc Volumetric
Layer Length Areé; Volume Volume Percentage
[mm]  [mm?] Imm*] [mm?] (%)
1,2 539.7 0.503
- 3,4 4799 0.392
T2 U1 5.6 4228 0312 1356 8394 16
7.8 3685 0.236
1, 2 568 0.578
- 3, 4 511 0.451
L1712 5 6 456 0.358 1663 10389 16
7.8 404 0.272
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Table 6. Overall Material Properties Used in This Study.

Material Young's Modulus Poisson's
[MPa] Ratio
Cortical Bone 2,310 0.3
Exx = 21 Gxy = 7.65 vxy = 0.226
Trabecular Bone Evw = 14 Gyz = 9.15 wz = 0.381
Ezz = 50 Gxz = 6.55 wvxz = 0.399
Bony Endplate 1,000 0.3
Posterior Elements 3,500 0.25
Ground Substance 4.2 0.45
Nucleus Pulposus 3 0.499
Fibre Layer 1 and 2 450
Fibre Layer 3 and 4 405
Fibre Layer 5 and 6 337.5
Fibre Layer 7 and 8 292.5
ALL 7.8
PLL 10
PMMA 2,000 0.3
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0.6 30.7 4.7 15.30

Unipedicul
Rmero:shar 0.7 325 5.0 15.38
PP 08 33.9 53 15.34
cosdiontar O 30.7 9.4 30.60
Ap o7 32.5 10.0 30.76
PP 0.8 33.9 10.6 30.68
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