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Biomechanical Comparison of Different Nail Placement Systems in
Idiopathic Scoliosis Correction Surgery

FU Rong-chang, ZHANG Huai-yue, WANG Zhao-yao
(College of Intelligent Manufacturing Modern Industry, Xinjiang University, Urumqi 830017, China)

[ Abstract] In order to explore the effects of different internal fixation systems on the biomechanical characteristics of the spine after
orthopedic idiopathic scoliosis, a theoretical basis for the improvement of the internal fixation system was provided from the perspective
of biomechanics. Based on reverse engineering, topology optimization and finite element modeling techniques, the finite element model
of idiopathic scoliosis was established by taking actual cases as examples. The personalized fusion device was designed. Two kinds of
internal fixation systems were established, namely full fixation and interval fixation. To simulate idiopathic scoliosis surgery and com-
pare the biomechanical differences between spine and internal fixation system under different physiological conditions. The results show
that the average stress of cortical bone and cancellous bone is increased by 17. 19% and 12.37% , respectively, compared with that of
interlocking nails. The maximum equivalent stress of fibrous annulus matrix and nucleus pulposus is increased by 1. 78% and 1. 1% ,
respectively, compared with that of full nailing. The maximum equivalent stress of pedicle screws is 11. 64% higher than that of inter-
locking screws. The average stress of interbody fusion is increased by 6. 15% compared with that of interbody fusion. In conclusion,
compared with the interspaced nailing scheme, the total nailing scheme is better in vertebrae safety, but the risk of screw slip and screw
loss is higher. Compared with the total nailing scheme, the interstice nailing scheme has better spinal fusion effect and effectively alle-
viates stress occlusion, but the incidence of bone hyperplasia is increased.

[ Keywords] idiopathic scoliosis; internal fixation system; pedicle screw; fusion device; finite element
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Table 1 Unit selection and material parameters for

each part of the lumbar spine model
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MPa mm
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2 S4R 24 0.4 —
EoE 878 9 C3D10 4.2 0.3 —
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b #)H7 (SSL) T3D2 8 0.3 30
HEZEH)HF (TL) T3D2 10 0.3 1.8
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Fig.2  Axial displacement curve of vertebral body

under different uniform pressure
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Table 2 Stress of each structure under different grid sizes
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LM 7.265 7.269 7.271 0.055 0.083
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Fig. 3  Finite element calculation results for pedicle screws
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Fig. 5 Intervertebral disc stress results

212 PRI A A B AT O RS N K
B, 320 T 1. 77% o PAAHE [R] 21 4 255 T KA AL
N IE  BIREEET N T8RS T 1. 1% ., BEA% 6] bR
IR0 1 S RGN T, B B AT il s T
20.59% 2. 7% ., BLfi N T2 MERIEAT B AT, 45

HEIF) 2 328 P B A2 A 5 AR IR ET R G A AE T1 AEAA
ARHERR B 1 T1 T2 MEIR] SR (AR Ty, A A 24
SIORES R N TR A 27 R I A, 5 BIUR B AT 4t %
R HER P A R AT AR, DAERSAE )RS E , DA
Sy HOHENRI Ty, MBS B A B O A RV B 5T 5

¥ M HE - www. stae. com. cn



2025,25(5) HRB

VA R R A RN R 1E FARR R BATIR R A f1245F 1 1847

300

[ 284
0 ke T

250

554
(=4
(=]

e S AR ET P-4 7 F) /MPa
S 3

w
(=}

(=]

wE O EM AW AR AM A
HE A
()t SARIRET PR S

o &®s
[ rkEs

25~

HE IR 35 K SF 2 ) /MPa

w

miE O R AE Al A A
RLTEY
(bl 88 85 K A3 )

[ ams _

18+ [ MIkGEST -

-

WE R AE AR &l s
mEEH
(OB A # FHRS
K6 FTHE RlG AR 4

Fig. 6 Stress results for nail bars and fusion devices

ZF,T1 T2 MEMR SR S B4 B e T Frss in , 5 a] B
BRI R A O A LR A BT A TR
POANEET 7 SEHE = MR BLET 2 e AR 7 A 1V )
erp, HIRETAR BB 5 45 T B i 42, R 0E ) 26 el IR ET
RS ) MEAAR AL 32 | BSCRR T by SR AT s BT B8 5 0 v 1
KEETAL, 4 BET I WX N 15 5 KA RN
J1 B EET AR T 2.55% 5 9.77% , X

W TR RE AT T, 4B AT J5 SEME 5 MR AR ET 1z g (i o
e, A R A BRET I RS 5 M 7 AU

Pl A P B G R AL 1, 3 ] R A
I I JBE R 4 il 45 7P B 22 30T, 41 432 08K
N XFECEHLA B LN 0 7, R
A, OO T Y , i W SR B AN Bl A 32 2
JEH 35 Wolff 72 HE T, 4338 A B 7 303800 79 AR
KHEA—EMFESFENS . 2R GEE R K
SERLIN 1 5N T By iR e T 5.25% 5
6.15% , XKW EEFTTE TR ARZEZ R
BOAMNLAY, BB EET T T, B AU N
Ko I, T BB 5T 7 S ME B Rl 5 OR B4, A 2L
Wb AR 1IN T

4 #ip

A FRICHTEAR LA IS AR JEH F AR
B, ST AL TR BT 07 R AT, 2Bz
BEEARFAREET TR P HHEEY 22,
AARRISSHEAR

(1) 2B E] 7 BAERIEAE B 22t B LT R
(EN=R AW

(2) [P B 5T 7 58 AR T AR LR 4 AT
A BT

(3) BRI B AT, B AT T7 S B IR ET 1Y
St vE AR

(4) [aIb B BT 5 S ME B Rl G OR A A
BT AR T N1

(1P B E T80 T HE S HRIRET RO ECH el 1 1S
AT BRET U A% 5 Wt v 19 AU, HLZR A 1 1o g a4 5
SEETTEIE IR ETE H A RIS, 340 7 M 0922 42
P, HRRR 73 B A LA, 28 b BT RO
TH A BRETE R R AR AT ¥ R | BETE 5 0  E
A RIFRE , 380 1S P9 1 5E AR GE M EE , DR UEAE 15 22 21k,
HLREARE B A LR X0 B AR 18 TR J7 S il 2
i, SR — Rl 07k 5 R s A BROC A A B 12
Al E AT XA R B R T AR TSR

BTN — 5E 1Y R FRAE, A7 BROC A T 244y
Pt H A SR Bt —Fp A xS L, HAFSE H A 32 22
S 1S BT AR B T7 BRI, I ik, A1k
T ARTT G52 PRBOR A 75 B HE— 25 (9 s R4 A
AW,

Z £ x Wt

[1] Barton C B, Weinstein S L. Adolescent idiopathic scoliosis ; natural
history[ M]. Tokyo; Springer, 2018.

[2] Takeda K, Kou I, Otomo N, et al. A multiethnic Meta-analysis de-
fined the association of RS12946942 with severe adolescent idio-

¥ M HE - www. stae. com. cn



1848

Moy oH ok 5 T R

Science Technology and Engineering

2025,25(5)

(3]

[4]

(5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

pathic scoliosis[ J]. Journal of Human Genetics, 2019, 64 (5) .
493-498.
Choudhry M N, Ahmad Z, Verma R. Adolescent idiopathic scolio-
sis[ J]. Western Journal of Medicine, 2016, 10 143-154.
Dunn J, Henrikson N B, Morrison C C, et al. Screening for adoles-
cent idiopathic scoliosis evidence report and systematic review for
the US preventive services task force[ J]. The Journal of the Ameri-
can Medical Association, 2018, 319(2) . 173-187.
Direito-Santos B, Queirds C M, Serrano P, et al. Long-term follow-up
of anterior spinal fusion for thoracolumbar/lumbar curves in adolescent
idiopathic scoliosis[J]. Spine, 2019, 44(16) . 1137-1143.
Jiang J, Qian B P, Qiu Y, et al. The azygos vein is at potential risk
of injury from malpositioning of left thoracic pedicle screw in thorac-
ic adolescent idiopathic scoliosis patients [ J ]. Spine, 2017, 42
(15): 920-925.
Mathews C S, Bumpass D B, McCullough F L, et al. Expansion
thoracoplasty as a life-saving procedure in an adolescent with severe
spinal deformity and sacral agenesis[ J]. Spine Deformity, 2019, 7
(1) 171-175.
Ruiz-Juretschke C, Pizones J, Delfino R, et al. Long-term pulmo-
nary function after open anterior thoracolumbar surgery in thoraco-
lumbar/lumbar idiopathic adolescent scoliosis [ J ]. Spine, 2017,
42(16) : 1241-1247.
Good C R, Lenke L. G, Bridwell K H, et al. Can posterior-only
surgery provide similar radiographic andclinical results as combined
anterior ( thoracotomy/ thoracoabdominal ) /posterior approaches for
adult scoliosis? [J]. Spine, 2010, 35(2) . 210-218.
Remco J P D, Alex K R, Jacobus J A, et al. Biomechanical com-
parison of semirigid junctional fixation techniques to prevent proxi-
mal junctional failure after thoracolumbar adult spinal deformity
correction[ J]. The Spine Journal, 2021, 21(5) ; 855-864.
A, ZEREAR, . TR 2R BOME S AR DY [ AR X e R A
HIT A DI RERE IR Mot e B SR R R SE R [T ], B
ZHARGTR, 2022, 22(22) : 9524-9528.
Li Guanjun, Li Xiaodong, Miao Jie. Influence of minimally inva-
sive percutaneous pedicle screws osteosynthesis on dysfunction in-
dex, injury height and pain degree of thoracolumbar fracture pa-
tients[ J]. Science Technology and Engineering, 2022, 22(22) ;
9524-9528.
BOHE, JEOR S - SRR, MRS B PO, . AREE
JE LA PR 1 7 2R G X EME 1A-L5 W BERYSEm[)]. BlEERY
T, 2021, 21(16) : 6626-6631.
Luo Huiqing, Julaiti Maitirouzi, Paerhati Rexiti, et al. Effects of
different bone mineral density trajectories internal fixation system
on [4-15 segments of lumbar spine[ J]. Science Technology and
Engineering, 2021, 21(16) : 6626-6631.
R, PN, B0 B B Bl Al 5 AR R ET P E R Y
EYIEER B[] BRI, 2023, 38(1) : 30-36.
Zhao Hongtao, Yang Haisheng. Biomechanical comparison of in-
ternal fixation by traditional and cortical bone trajectory pedicle
screw|[ J]. Journal of Medical Biomechanics, 2023, 38 (1):
30-36.
Erbulut D U, Zafarparandeh I, Lazoglu I, et al. Application of an
asymmetric finite element model of the C2-T1 cervical spine for
evaluating the role of soft tissues in stability[ J]. Medical Engi-
neering & Physics, 2014, 36(7) : 915-921.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Pintar F A, Yoganandan N, Myers T, et al. Biomechanical prop-
erties of human lumbar spine ligaments[ J]. Journal of Biomechan-
ics, 1992, 25(11): 1351-1356.

Xiao Z, Wang L, Gong H, et al. Biomechanical evaluation of
three surgical scenarios of posterior lumbar interbody fusion by fi-
nite element analysis[ J]. Biomedical Engineering Online, 2012,
11. 31.

RER, TR, T2, & RaSAY S ARAZ KR/
SR GARE PR [1]. N T, 2017, 46(22)
18-22.

Yu Sen, Yu Zhentao, Niu Jinlong, et al. Advances in the study of
surface/interface interactions between titanium implants and human
tissues[ J]. Hot Working Technology, 2017, 46(22) . 18-22.
Closkey R F, Parsons J R, Lee C K, et al. Mechanics of inter-
body spinal fusion: analysis of critical bone graft area[ J]. Spine,
1993, 18(8) : 1011-1015.

BUCH, BECF, TRk, S ANHEHE L_(4 ~5) WBCH IR
TCERER YT I]. B TR AR, 2014, 31(3):
612-618.

Yan Wentao, Zhao Gaiping, Fang Xinguo, et al. Finite element
modeling and analysis of the L_(4 ~5) segment of the human
lumbar spine[ J]. Journal of Biomedical Engineering, 2014, 31
(3):612-618.

Totoribe K, Chosa E, Tajima N. A biomechanical study of lumbar
fusion based on a three-dimensional nonlinear finite element meth-
od[J]. Journal of Spinal Disorders & Techniques, 2004, 17(2) .
147-153.

Guan T, Zhang Y, Anwar A, et al. Determination of three-dimen-
sional corrective force in adolescent idiopathic scoliosis and biome-
chanical finite element analysis[ J]. Frontiers in Bioengineering
and Biotechnology, 2020, 8: 963.

Cao F, Fu R C, Wang W Y. Comparison of biomechanical per-
formance of single-level triangular and quadrilateral profile anterior
cervical plates[ J]. PLOS One, 2021, 16(4) : e0250270.

WA, T AR A A I 2 = 4 BT (S 2 PVCR A
A1 (D). B BBIERIR:, 2018,

Ou Hua. Establishment of a three-dimensional finite element mod-
el of severe stiff scoliosis and biomechanical analysis of PVCR pro-
cedure[ D]. Kunming; Kunming Medical University, 2018.
JEEWR, X%, ZIRE, 55, Lenke 1AN BUE DERER M
FEON M AN 5] R W 85 JE 1 A BR ST A3 B [ 0], P I SR
Z%iki, 2019, 27(19) ;. 1780-1784.

Lu Changhuai, Liu Zhijun, Yan Junfeng, et al. Finite element
analysis of different bar placement sequences for orthopaedic treat-
ment of adolescent idiopathic scoliosis of Lenke 1AN type[ J]. Or-
thopedic Journal of China, 2019, 27(19) . 1780-1784.

RIFW, T8, SRR, 5. NaRBEAESRR R i e B OaHE R
ZHYEAT FROCREAIG K A W) 1 ST [ T]. IR Ak
RHeik, 2015, 23(10) ; 917-920.

Zhu Haiming, Ding Liang, Zhang Dong, et al. Construction of a
three-dimensional finite element model for short-segment injured
spine fixation of thoracolumbar burst fractures and comparative bio-
mechanical study [ J]. Orthopedic Journal of China, 23 (10) .
917-920.

ORE, mIAS, B, S ARRITEE T Lenke 3 HIT 4E
R R P A AR P B B (AR AR [T ). R

IS MHE - www. stae. com. cn



2025,25(5)

WO A R R R R IE TR R B A TR R AW 12X ke

1849

[27]

(28]

[29]

FEWFSE, 2021, 25(33) : 5273-5280.

Wu Chao, Gao Mingjie, Wang Jianzhong, et al. Stress and dis-
placement changes in the thoracolumbar spine of adolescent idio-
pathic scoliosis of Lenke type 3 by finite element method [ J].
Journal of Clinical Rehabilitative Tissue Engineering Research,
2021, 25(33) : 5273-5280.

Markolf K. Deformation of the thoracolumbar intervertebral joints
in response to external loads: a biomechanical study using autopsy
material[ J ]. The Journal of Bone & Joint Surgery, 1972, 54(3) .
511-533.

Shahraki N M, Fatemi A, Goel V K, et al. On the use of biaxial
properties in modeling annulus as a holzapfel-gasser-ogden material
[J]. Frontiers in Bioengineering and Biotechnology, 2015, 3: 69.
Markolf K L, Morris J] M. The structural components of the inter-

vertebral disc: a study of their contributions to the ability of the

[30]

[31]

[32]

[33]

disc to withstand compressive forces[ J]. Journal of bone and Joint
Surgery-American Volume, 1974, 56(4) . 675-687.

Brown T, Hansen R J, Yorra A J. Some mechanical tests on the
lumbosacral spine with particular reference to the intervertebral
discs: a preliminary report[ J]. Journal of Bone and Joint Surgery-
American Volume, 1957, 39(5) . 1135-1164.

Jones A C, Wilcox R K. Finite element analysis of the spine; to-
wards a framework of verification, validation and sensitivity analysis
[J]. Medical Engineering & Physics, 2008, 30(10) : 1287-1304.
Stokes I A. Mechanical modulation of spinal growth and progres-
sion of adolescent scoliosis[ J]. Studies in Health Technology and
Informatics, 2008, 135 75-83.

Ning X, Wen Y, Ye X J, et al. Anterior cervical locking plate-re-
lated complications: prevention and treatment recommendations

[J]. International Orthopaedics, 2008, 32(5) ;: 649-655.

IS MHE - www. stae. com. cn



