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Development and validation of a finite element model for lumbar motion segment (L,-Ls)

LIU Yao-sheng'® , CHEN Qi-xin', LIAO Sheng-hui’*, TANG Xiao-jun', LI Fang-cai’, WU Hao-bo', YU Shi-ce® (1. Depart-
ment of Orthopedics Surgery, the Second Affiliated Hospital, Zhejiang University, Hangzhou 310009, China;2. State Key La-
boratory of CAD and CG. Department of Computer Science and Engineering. Zhejiang University, Hangzhou 310027; 3. Struc-
tural Engineering Institute, College of Architecture Engineering, Zhejiang University, Hangzhou 310027)

[ABSTRACT] Objective: To develop and validate an accurate three-dimensional geometrical and mechanical finite element(FE)
model of the lumbar L,-L; segment using a new computer-aided designing (CAD) method. Methods: First, a modified “non-
seed region segmentation” was done to extract the interest region in the CT image and to obtain a binary image, from which the
iso-surface of vertebral body was produced by a discretized marching cubes algorithm. Second, “best cross-section planes” re-
presenting the morphologic characteristics of physiological lordosis were used for the initial iso-surface model, forming a “non-
regular piecewise subspace”. This subspace and the embedded iso-surface model were subsequently transformed by local affine
transforms to a “regular subspace”, in which a surface mesh of high quality was generated quickly. Finally, a reverse transform
procedure was employed to restore the original three-dimensional (3D) image of the lumbar surface mesh of lumbar L,-L;. All
coordinate dada of nodal points and message of triangular patches of the surface model were then subjected to ANSYS for the
three-dimensional FE mesh construction. An accurate 3D non-linear FE model of lumbar motion segment (L,-Ls;) was developed
and validated against published data. Results; The constructed FE model of lumbar L,-L; consisted of 94 794 solid elements, 1
196 link elements, 1 170 shell elements, 768 target elements and 464 contact elements, and included geometrical, material and
contact non-linearities. The predicted results of lumbar L,-L; segment were closely correlated with published results of experi-
mental biomechanics in terms of axial displacement, segment rotation and intradiscal pressure under similar load condition. Con-
clusion: Based on advanced algorithm, this constructed surface model of L;-L; segment is capable to perform whole digitalized bi-
nary image extraction and reconstruction of the lumbar surface with excellent simulation results.

[KEY WORDS]| biomechanics; finite element method; computer aided design; lumbar spine; surface model; validation

[Acad J Sec Mil Med Univ,2006,27(6) :665-669 ]

H FE)E(fl‘mtc clcmc'nt FE) J7 ik 2 R SR 58 A 9 1 4 1 [ESTE] 1 M F 22T 5 5% T A H (WKJ 2005-2.046).
FETT IR Wy 0 BEAR FEAAT R AT R B AL B Ay S B4 Supported by the Key Program of Science Research of the Ministry of
S I g i ELAT DR A SE 30 A= ) 2 5 ANBE Health(WK]J 2005-Z-046).

LRI S 1 S5 K P D 2 N, T AR AR A (R B . B A [EEEA] X, . EmEEIR.
FE B 700 F 30 25 55 (10 45 2000 B T8 %ok 45 4 20 17 1) 245 g A8 * Corresponding author. E-mail: liuyaosheng001(@ yahoo. com. cn



+ 666 o

B EBERER 2006 4F 6 AL 27

U0 A0 Y At A1 0k A 2 LA R R 2 T 2 A I HE T 3 B L
R RS B ME FE gt A6 72 1 G 8 . H A, WA FE dE A7
2 do A A 3 B ML B % 31 (computer aided design,
CAD) A v 1l U] 45 780, 98 )5 38 o 2088 #2 1 3t A FE #K
PR HEAT WM S 43 . 3T TR) 9 Ak A AR AR | I A R
JE Goel 557 Y B He AT BT i (HAE N CT FH5E
18R BUR B B, 2 BOR A BT R BR 1 B4~ 20 2 R R
%6 BRI IR AR B A% i 7 — 2 R BOAE 4 1) 5 0 JL AT 5 55 TR
I 2 iR BR TR R i g BT S DL 55 T CT 4P B9 5
FHES , A BE A B S WO A 2 2% i 35 45 M R AE T AR BF 5 SR
F—FhH B CAD 735 W5 0t JBEAE L, ~ Lo ¥ 2 15 Bt = 4
e L A PR TT AR R, [ i %o A58 Bl 202 B 45 R AT R
Ik,

1 FHEMER

1.1 EEEARGHRAGE IR = FAFGRR EIR—
% 32 AR T E B EEE @R M, R SOMATOM
SENSATION 16 ¢ CT #LXF HEAME L, ~L; 19 Bt ilb 47 42
BEAT L R 0. 75 mm; BUREUHE ZI #7845 . A
B2 MG AT WAL 5T & . R T IR R AR A2 A R Ak
S ARG AU HE L, ~ L, B A 50 1/2 b frsefhog
[

.11 —EEGERR RHAEM 7 X008 ik #
WL, ~Ls TR T EER ., RESEOT . (HX CT EI1R
HEAT (B DR AL B, (2) 2% B G v M R A R R
BRI JSE (A3 A, it A% B0 %k b BE L (30 FH — b il ot A o T
WS VE A B 7558 0 B XA A B, X A R
B N — A AU &, — MR % 450, 00 L AR AT 2
V9 (L 4% 128 1 45 R 3 1l i B T UL O 1) A LR A
XA R L T B 45 A 3 S A 2 3 X SR 0 i A R B
T BT AE 1 X 3k G A 1T B A W s DX ) o DA T 5 310 454 2 T

B EG IR ik g o R EAT AL A Bl (O ¥ A R
1) A P15 8 o A 504 ) P I DX 388 ) 4% VW 32 3 1 AT
Y X R K O S At XSk AT S T, Bl 2 e
T RV R a0 T 1 B X P 5 L A5 B B 2 T E ER
1.1.2 kE#EANEST RH—RIG XN 5% H R
K AT EMGES, Lo~ L B R m AR, EEERm T,
(1) H Marching Cubes F ¥k H CT EE AR L, ~L;
BrRmAAL, (2) AT /NG 4 A B) B HRCE F L. L Ls
M A B8 T AR LT VTR A A 2R ] B TR 47 B R
LAY, 3 S 1) E 57 T R 1 IBOHE (4 B8 (R JL AT 15 8L B R o “ Bt
PRI, (3) 7 42550 40 f A U 8 O 1 7 A B — A< B 4k
HeF a2 a7, O 9928 eof % 7 a5 [ A i A 3R AT
B 50 B AR A8 B 3 — AN ML ) 7 25 ) 45 2 22 18] U
B AH ELSPAT A AR R 2 R0 (4 5 R0 00 %) 2 1] &) 4
— AR TP T S 2 AL TR, S L0 0 e St 1 L DU £ 25 44
P AR 5 I DL A BRI B S . (5) MR B B gt i
TRCAE BT A J00 U 1y % T A 2N 8 % T A A A A 8 T T 1)
) R B T A AN T O A Wk 5 L T R = 4 s (] o
P50 B L I3 S5 A M L, ~ Lg% 0715 BE AT 26 1 = 4k 3 i A
HI(E 1By, BERIIEALHE 6 537 N45 05,14 686 A= .
1.2 ARABERGE T A L~ L, 7 BT8R Y 45 4
AR K = A fF B S A ANSYS (Inc. Pennsylvania,
USA) A RRICEMA R AR F A e L ~Ls B Ay
e JLATAE AL, R A BR G B A el A% R 43 D R E AT
R 4% a0 43, 388 3k Wt 55 5 2 0] R B A 5 — 2 A5 PR TR A, 75
B Ly~ Ls 16 8h 75 BEog 2 FROC A AL (B 1C), & 2% T #e
L, ~Ls ¥ 3 7 B 58 8 A BR oG A5 B 40 55 36 94 794 432 fk Bp
JC,1 1964, 1 170 A7 T, 768 M HAR M IC, 464 1
o0, Bt 134 518 AN g5 i, BRIV S 7L EL M |
MR A AR L 3 Fh A AR LR PRSI, A Y B
TR BASCHURIAM R B M LR 10,

B1 L~LENTR=ZHELZEFTRTERNET

Fig 1 3D non-linear finite element model of lumbar L,-Ls motion segment

A:Marching cubes surface and non-parallel best cross-sectional planes;B:One-side surface model of lumbar L;-Ls motion segment;C: An intact

3D non-linear finite element model of lumbar L,-Ls motion segment
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Element types, element numbers and material properties used in intact FE model of L,-Ls

Material Type of Element Ell\i:(r)r.w?is Elastgoi\i%dnu’l;lsm(tli\gl:’a)/ Area(A/mm?)
Cortical bone 6-node solid 1 700 12 000/0. 3 -
Cancellous bone 10 node-solid 29 912 100/0. 2 -
End-plate 10 node-solid 14 500 500/0. 25 -
Posterior element 10 node-solid 21 332 35 000/0. 25 -
Annulus matrix 10 node-solid 10 287 4,2/0.45 -
Nucleus 10 node-solid 14 672 1.0/0.499 -
Annulus fiber 2 node-Link 1146 Nonlinear -
Articular cartilage 10 node-solid 1172 10 000/0. 3 -

Facet contact Sliding surfacecontact element 1172 - -

Anterior longitudinal 2 node-Link 9 7.8 (e<C 12.0%), 20.0 (e>12.0%) 75.9
Posterior longitudinal 2 node-Link 5 10.0 (e<< 11.0%), 20.0 (¢>11.0%) 51.8
Ligamentum flamvum 2 node-Link 6 15.0 (e<<6.2%). 19.5 (¢>>6.2%) 78.7
Intertransverse 2 node-Link 6 10.0 (e<C18.0%), 58.7 (¢>>18.0%) 2.0
Capsular 2 node-Link 10 7.5 (e<C25.0%), 32.9 (¢>25.0%) 102. 5
Interspinous 2 node-Link 10 10.0 (e<<14.0%) . 11.6 (¢>14.0%) 36.3
Superspinous 2 node-Link 4 8.0 (e<C20.0%), 15.0 (e>>20.0%) 75.7
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Fig 2 Comparison between FE results and the results of experimental studies

A Axial compressive force versus axial displacement. FE results versus results of experimental studies, in vitro testing; B: Intradisc pressure

versus axial compressive stress. FE results versus results of experimental studies, in vitro testing; C: Segment flexion under pure sagittal mo-

ment for FE model. FE results versus results of experimental studies, in vitro testing; D: Segment extension under pure sagittal moment for FE

model. FE results versus results from experimental studies, in vitro testing; E: Segment lateral bending under pure frontal moment for FE mod-

el. FE results versus results of experimental studies, in vitro testing; F: Segment axial torsion under pure moment for FE model. FE results

versus results of experimental studies, in vitro testing
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Clinical and prognostic analysis of ossified ligamentum flavum in a Chinese population

He S, Hussain N.Li S, Hou T (Department of Orthopedic Surgery, Changhai Hospital, Second Military Medical University,
Shanghai 200433, China)

[ABSTRACT] Object: The authors performed a retrospective study of clinical and radiological data obtained in 27 Chinese pa-
tients with myelopathy induced by ossification of the ligamentum flavum (OLF) who underwent surgery between March 1990
and March 2002. The factors related to surgical outcome of thoracic OLF-induced myelopathy were also assessed. Methods: The
preoperative clinical features and radiological findings were reviewed retrospectively. Preoperative and postoperative neurological
status was assessed using the Japanese Orthopaedic Association (JOA) scoring system and the Nurick Scale. The ossified le-
sions were classified into five types (lateral, extended, enlarged, fused, and tuberous). Multiple linear regression and logistic
regression analyses were performed to establish the factors affecting surgical outcome. The patients’ chief complaints were low-
er-limb weakness and gait disturbance (93% ), numbness and sensory deficit (89%), and low-back pain (48%). The coexisting
pathological entities were disc herniation, canal stenosis, and ossification of posterior longitudinal ligament. The ossified liga-
mentum flavum was mainly located at the T10-12 (67%) and T1-3 (15%) levels. Symptoms in 26 patients improved but re-
solved completely in only 14 after surgery. The mean overall JOA score was 5. 3=£1.9 preoperatively and 7. 9£2. 3 postopera-
tively. There is a significant difference between the pre- and postoperative neurological status (P<C0. 05) determined by the
Student t-test. The recovery rate was (46. 349, 4)%. Multiple regression analysis revealed negative correlation between the
duration of preoperative symptoms and surgical outcome as well as a positive correlation between the preoperative JOA score and
surgical outcome. Logistic regression analysis demonstrated that fecal and/or urinary incontinence, positive patellar and/or an-
kle clonus, and intramedullary high T2-weighted magnetic resonance (MR) imaging signal change had negative effects on the
surgical outcome. Conclusions: The clinical and radiological features of OLF in the Chinese population are similar to those ob-
served in the Japanese population. The duration of preoperative symptoms and JOA score are the most important predictors of
the postoperative JOA score and recovery rate. The patients with fecal and/or urinary incontinence, positive patellar and/or an-
kle clonus, and intramedullary high T2-weighted MR imaging signal change were at higher risk of poor outcome after surgery.

[J Neurosurg Spine,2005,3:348-354]



