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Construction and stability analysis of finite element model for spinal canal reconstruction with miniplates fixation
CHEN Jian-min',LIU Guo-yin' , HUANG Wei-gian' ,LIAN Zhong-hua® ,ZHANG Er-lai*,ZHA O Jian-ning' (1. Department of Or-
thopaedics , Jinling Hospital of Nanjing Medical University ,Nanjing 210002, Jiangsu , China; 2. Xiamen Medical Device Test-
ing and Research Co. ,Lid ,Xiamen 361022, Fujian ,China)

ABSTRACT Objective To establish the finite element model of spinal canal reconstruction and internal fixation, analysis
influence of spinal canal reconstruction and internal fixation on spinal stability,and verify the effectiveness and reliability of
spinal canal reconstruction and internal fixation in spinal canal surgery. Methods A 30-year-old male healthy volunteer with a
height of 172 ¢m and weight of 75 kg was selected and his lumbar CT data were collected to establish a finite element model of
normal lumbar 1;—Ls,and the results were compared with in vitro solid results and published finite element analysis results to
verify the validity of the model. They were divided into normal group,laminectomy group and spinal canal reconstruction group
according to different treatment methods. Under the same boundary fixation and physiological load conditions, six kinds of ac-
tivities were performed , including forward bending , backward extension, left bending, right bending, left rotation and right rota-
tion,and the changes of range of motion (ROM) of L;—L,,,—Ls segments and overall maximum ROM of L;-Ls were analyzed
under the six conditions. Results The ROM displacement range of each segment of the constructed L;—Ls finite element model
was consistent with the in vitro solid results and previous literature data,which confirms the validity of the model. In 1;-L,,
ROM of spinal canal reconstruction group was slightly increased than that of normal group during posterior extension (>5% dif-

ference) ,and ROM of other conditions was similar to that of normal group (<5% difference). ROM in laminectomy group was
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significantly increase than that in normal group and spinal canal reconstruction group under the condition of flexion, extension,

left and right rotation. In L,—Ls, ROM in spinal canal reconstruction group was similar to that in normal group (<5% differ-

ence ) ,while ROM in laminectomy group was significantly higher than that in normal group and spinal canal reconstruction

group (>5% difference ). In the overall maximum ROM of L;-Ls,spinal canal reconstruction group was only slightly higher than

normal group under the condition of posterior extension (>5% difference) ,while laminectomy was significantly higher than

normal group and spinal canal reconstruction group under the condition of anterior flexion, posterior extension, left and right

rotation (>5% difference ). The changes of each segment ROM and overall ROM of L;—Ls showed laminectomy group>spinal

canal reconstruction group>normal group. Conclusion Laminectomy could seriously affect biomechanical stability of the spine,

but application of spinal canal reconstruction and internal fixation could effectively reduce ROM displacement of the responsi-

ble segment of spine and maintain its biomechanical stability.
KEYWORDS Laminectomy;

Range of motion

Spinal canal reconstruction;

SE U B 78 ik B3 ot 2 AR 8 P 3 IR T
MEAS P 5 P AR A RO R RS AR Y
B ¥ ) 0z o I AR A Bt I AR g P 34 iz A
T K S BE VT IR ) GE K, HAS 2 2 Ab i i e I IR
iR R 2R S E IR R A RS A Y
R EE R, R AR BB M 45 b S R 5% LA B
SR 2R 5 5 | B VR A AR RN A A R T 25 45
AN TR)RE BE 19 5 R 5 [R) B AR S i ot 25 5 1 3 ME
IR B B K 34 5 | 7B Yy 15 Y05 M 0 2 R 4 2 AR
AL E W, FTRET IR F RN AT, M
AR A HEMC IR B AR el AR, RERESC
AR 5E e BB E , XRERT 1L B A G A
MR KL, 6 R 550 M B 5% — WA R
TS B SR B 3% 1) ME AR A2 A5 A T [ A o7 T AN
REFWITEC SRR AR K, HES—
HE AR Z R R HRERE, R R 5z A
FHUCFC Y 38 AR AR PN [ 2 R e 7. DIEIFE 22k
FH RS2 4T 0 I 1) P B 0 Al 8 4 B AN A T 8
W O MER 2 A PR 0EAT DA [, R e v ek
PEFN UG 1 A WIH (0 2538 075 o O A7 M fige o 1 )
B, EEME T — R S EEBRICE W% H
WA (& F]2 . Z1 201420491485. 4) 4k, H A% F
A o A A [ R P A AR (1 A B AR E 4y
BT ] PN A0 o A DL AR AR TE, AR AR 58 06 4 AR U R A
ME A N S R e A Y e R R AT A R OT 4%
BT, DT Sk e 5 o A P4 I DR 1 3R 5 %

1 #Rl5H*E
L1 W54

VR 1 24 30 2 {dt e A 95 1k R R 75 kg, &
172 em HEBRE P I g S8 ol N A 150 s B i
TAMIT S o AT O A R AR IR R A G IR
R DRV o H B HEAE LS L 20 A ML i i JeE 7 LB
FAEAAE X 2 Fr, DAHEBR B A 2 15 K AR 0 A2 sl 4
Bio AREEFAMEML, 52 K XA IE AR 3E 2R ] CT #L
B LT X A 154 T B e il 5 4 o AR R A B

Miniplates fixation;

Finite element simulation ;

Stability H

BEAS TR ZE G2t (5 . 81YY-KYLL-13-03),
L2 NIEE MR

o H 0% (5 )2 ZL 2014 2 0491485.4) 14 )&
A RET ) R ST R ey A PR ml $ 4t o 7k
H WM JEBE R 0.6 mm, 4 8 5 B E N EHRKE RN
2.0 mm, &l 8§ mm.,
1.3 oLy = 4R Rl g gt

Bt CT W2 12 508 5 A Mimics 17.0 04 7B
M | AU SR SR 0 0 A B, 2 BB R B R
S5 WA ) 2 A R a5 SR AT e B ) X
G DRI K T A AR SRR AR B R A IR B EM
Sk, T I ME T A AR 5 BT AL At 1) HR s A5 SRR AE
STL k&=, I Hi i+ Geomagic Studio 3k 4 #4717
B KA JG A B 2 1 SRR (1] 1a—1d) 588
J& oy B R La—Ls 1B, S5 345 La-Ls B 4544
M = ERIARL (& 1e) ; 159 21 B9 £ 45 R LA IGES #%
A Solidworks 2016 A {4 , 3541F fife 1) 2 25 49 15 I La—
Ls (O HMER LA 7 2580 (ATOA S 90 L ORI A
2 [A) AN B HT )l DA S OGTT BT ) AR 4540, B i 58
HE 1 La—Ls JEAE — 4k LAy SEARBLRY (K] 16) .
1.4 Li-Ls = Ze i b1k} E P

X Fa g8 8 Ty 1) Ly—Ls = 4 A5 0 308 17 W AH, O
R 1o ARG La—Ls = R A5 ALK A58 53040 A 45 1] [7]
PEREM B, ARG RNG 1 B g 4 4 it P 3 3
PR AR i B IS o TR 25 5 SRR P o A A A Ak 2
RSB E A% AN 1 mm R K R A BT
JE ARG I %, TCIE X 43 B i IR BB, 0K IS A
SEABADA 5 T 5 S5 K AN [ RHRE P Y A ST S R A
4 o B AR AL B AN AT R 4 AR, £ 2 B4 el L o
FE L ) I S 27 AR B IR A R RN, AR dEE R
e 2 ay IRy AOEAT, IF S HER] 81 T R +30° 1)
Je s o MEMRIIEATZ R BE N 9 mm, J5 460 7 mm, 2] 4
H AR (5 LR 43R SR TR 19%, 4% J2 21 4 (1 B #5 1
FLA S ) B S o HETR] A B F R0 R 1 mm
PR R AR B, A% S HE R 3 ) T AR Z Lo 40%,



HE A 2024 4F 3 A5 37 555 31 China J Orthop Traumatol , Mar.2024, Vol.37,No.3 <273

AN DT R R BE R 0.2 mm, /)
KA E BN 0.6 mm, FH E LA
2 ok 388 3 TR — TR 42 fh BT AR A
L5 Li-Ls MEEEHENEEARA
RIS T A 7R 114 4 7

EC B Ly-Ls = 4ERI A A
BOPE R AL b, BRI HEAR DD BR
JER T H Sb B @M, ek
TEH A MERR VIR 2 FHE A
i (Bl 2a-2c). HEMRYIBR LYK
Ls—Ls J b Bl 5] FIVRE A (8] 320 47, 76
PN G 58 N VD FFHEAR , #4 EE 4>
MEMR D) BRA L (] 2b) o MEA 5
2 W Al A2 A T A ] A 5 vz
Wl H AHR B HEAS, Rl EE 2
) R HE AR (R DR B R AE
MEMR G AR 1R S8 3 (8] 2¢) 6
1.6 il A A s

38 3o 0T T ) S A A BR o AR A
1 Lol SHBUMAMZE la BEHOEWE B b WM HELE o mHckm ORI B 2R B A5 1. 2
L M SRR e T Li-Ls B SRR 1E SR La-Ls = 24500 i1 0] 1 08 W Ls BOME(RIZ 30, 7F Ly MR E s
Fig.1 Construction of three-dimensional model of I;—Ls 1a. Coronal reconstruction of lumbar ﬁﬂ 10 Nm %— jJ%E , *l}; Mﬂg *E{Eijj

vertebra  1b. Cross —sectional reconstruction of lumbar vertebra 1e. Sagittal reconstruction of N .
o é 4 )6 F Lo (R S AT A
lumbar vertebra  1d. Three-dimensional model of lumbar vertebra 1e. Reconstruct three-dimen- e . . .
o IETRAATE ) o BN N Y 24 TR

AU 2% AF C BEIE 52 AT L& AR AR

sional model of L;~Ls segments  1f. Side view of complete L;—Ls three-dimensional model

R1 Lol =HRBNHHSH B P38 Bl H SUR 2 s o HE AR R

Tab.1 Material parameter of L;—L; finite element model 1.7 Kmig sy

L. U R AV E 5
BHRHA B L B B (MPa) 1k b L7.1 Lol 4K iﬂ:ﬁ 1 . Hﬁﬁm%m
i R R 12 000 0.30 Ls-Ls = #5505 SHIM 2" DEMIR %5 "4 1F 57 ife
T A A 100 0.20 TNTRVRE () 20 o R 38 Anr, LB 6 Fh D00 T 45 81T B
4 5 2 4 3500 0.25 1) 1% 2 B (range of motion, ROM) , Jiz & & 1E fifi i% =
BB 25 0.25 HERLRIAE 6 Fp T 00 F (19 ROM ¥y 76 SHIM 45 M52 ik
TSR 4.2 0:45 PR A5 A DEMIR 451U R T A 70 25 2 1 43 A1
e 0 030 FEI P | AT 2 S B0
A o o 17,2 Lol ARCHUBMEE AT R AT
%W ST 0 040 AT 7 A S 0 A 6 TR B A W T BL iy
S 0 030 ROM. 7E 3 414 FRITHE AL v it i AH 7] i 320 5L 18 2 A
JG 9\ 70 0.30 /_:Eiiﬁﬁ ) ﬁ*ﬁ 6 *EF—I?HA—F‘ LS_L4 ﬂ:‘n L4_]-‘5 E,(J ROM
W 50 0.30 MR, [RIEF 287 6 Fp TO0 T La-Ls BB R R
I B 28 0.30 ROM “Z L4500
e 1t 28 0.30 2 #R
Ber % 030 2.1 Lo-Ls =HEBIR A A E S0 E
KA 20 030 T ARG 7 22 5 B CT F i Af A [
A [ 5E 104 800 0.31

RERGMAEWNR SHE—EER, AFRELS
WE A SHIM 25 " [ SE R 45 1 fn DEMIR %5 19 A R
TOARE I 28 BT L, S IR A 56 BT A T S 0 (IF




« 274 « R4S 2024 4F 3 HE5 37 455 3 China J Orthop Traumatol , Mar.2024,Vol.37,No.3

B2 HEAS T E R R R T
HEAE () = G

2a. SEHEHY Lo—Ls Z4EBERY 2b. Lo-Ls MERT DT R0 = AEBERY 2¢. Lo—Ls b 1ol 4 ol HL 499 A [8 A2 o 2

Fig.2 Establishment of 3D model of spinal canal reconstruction and internal fixation 2a. Complete L;—Ls 3D model ~ 2b. Three-dimensional model of

Ls-Ls laminectomy  2¢. Three-dimensional model of spinal canal reconstruction with micro H plates implanted on Ly—Ls laminae
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