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Abstract; Objective To study mechanical properties of traditional trajectory (TT) and modified cortical bone
trajectory (MCBT) on osteoporotic vertebrae through finite element analysis. Methods The three-dimensional
model of L4 segment was established, and pedicle screw (PS) (diameter 6.0 mm, length 45 mm) and MCBT
screw (diameter 4.5 mm, length 40 mm) were placed on both sides of the lumbar spine. The pull-out strength
and the load-displacement ratio of screws in two different screw trajectories under up, down, left, right working
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conditions were analyzed, and the stability between the screw and vertebral body under osteoporotic conditions
was evaluated. Results Compared with TT, the pull-out strength of MCBT screw was increased by 13.1%.
Compared with PS, the load-displacement ratio of MCBT screw under up, down and left working conditions was
increased by 57.2% , 32.4% , and 31. 6% . Under right working condition, although the load-displacement ratio of
MCBT screw was higher than that of PS, no statistical difference was found. The load-displacement ratio of
vertebral body in MCBT group under lateral bending and axial rotation was significantly higher than that in TT
group. The load-displacement ratio of vertebral body in MCBT group under flexion was lower than that in TT
group. Although the load-displacement ratio of vertebral body in MCBT group under extension was higher that that
in TT group, no statistical difference was found. Conclusions MCBT is superior to TT in pull-out strength, screw
stability and vertebral body stability under lateral bending and axial rotation, but its vertebral body stability under
flexion and extension was weaker than that of TT. The research findings demonstrate the superiority of MCBT

under osteoporotic conditions and lay the foundation for clinical application of MCBT.

Key words: modified cortical bone trajectory (MCBT) ; traditional trajectory (TT) ; finite element analysis
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Fig.2 Measurement of isthmus parameters and determination of staring points of cortical bone trajectory screws

in lumbar specimens! ')

(‘a) Representative reconstructed X-ray of a spine isthmu, (b) Measurement of

distance S, between the left and right tangent points, (c¢) Measurement of distance S, between the left and right

roots of vertebral arches, (d) Measurement of distance D, between the tangent lines of the lateral edges of isthmus

to the medial wall of vertebral arches, (e) Measurement of vertical distances D, from the line connecting the

tangent points to the inferior border of the transverse process, (f) Vertical distance D from the line connecting the

tangent points to 1 mm below the inferior border of the transverse process
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Fig.5 Comparison of screw stability for two different trajectories

2.3 HWEEREMEER

HiE T8 R, TT MCBT ZHAMEA 3845 57 7 1Ll 43
SR (1 150.50+52.56) (1 139.25+234.83) N/mm,
ZRAEAFHITE L (1=0.094,P=0.929), )5
THR, TT, MCBT 2H #E 1A 48 4 2 %% L 20 31 R
(1121.00£116.96) (1 307.75+335.49) N/mm, 2%
SAREAGHFE L (1=-1.051,P=0.334) , #iH
e T T, TT, MCBT 2H M 1R 28 17 52 % LE 43591 Ry
(1218.50+35.78) . (2 151. 67+298.45) N/mm, 2%
SEAG G E L (1=-5.378,P=0.031) , fljj# T
#UF , TT MCBT AMEAR 2 A 67 78 L6431 R (1 113+
93.03) .(1 778.5+427.93)N/mm, % 5 HA G
X (1=-3.039,P=0.023) , WL 6,



EHAH FARTONEREZESRITENU R ERESTERNEY N1 F R

WANG Yixi, et al. Finite Element Analysis on Biomechanical Properties of Traditional Trajectory and

Modified Cortical Bone Trajectory 489
3 it
25
5ol ) 3.1 REBIEXEME
: I MCBT
st AR i AR I PR 3 ST B TT 5 MCBT Y

?ﬁ%‘ﬁi%th(kNmm“)

(=)

BE M RiFheR ik

gl ]

B 6 MAMBEBSTSEHMAIREMLE( "P<0.05)
Fig.6 Comparison of vertebral stability for two

different trajectories

%1 TT.CBT 5 MCBT HZFiRELLER

J12EtERe . PR SEEAG L, AR SCX CBT 5 MCBT
ZIA Ry 2 Ve RE HEAT A0, R 1 B T AR Y
AN ESCERR A 9 TT .CBT Bt 524058 MCBT %4
Wi, AT IA G, A SE50 R AR 4L PS, RIS
SURET BAT R LR AR s2 g TT 1R
B TIAWFEEE . BRI T, MCBT (943 #r 30
BYEEAHLTF TT A1 CBT,

Tab.1 Comparison of mechanical properties for TT and CBT with MCBT

21 TT CBT MCBT
- SCHR[13] SCHR[21] ARBFSE SCHk[22] SCHR[13] SCHR[21] AHFSE
bkt Ji/N 1013.2£279.1 1125+286 1 431.75+35.52 — 1277.1+331.3 1380334 1 620+81.33
s 745.3+205. 4 — 1017+34.77 — 10724213, 1 — 1598.5+£232. 48
BETHE AN T 746.4£211.2 — 1 127.75£55. 60 — 1091.2+228.3 — 1492.5+154.83
W/ (Nemm™) & 856.3+197. 1 — 167.25+102. 32 — 1310.1£197. 1 — 1 536.5+245. 18
V&l 854.1+207.2 — 1113.25+55. 1 — 1 314. 1£206. 4 — 1 304. 5£362. 83
RIME  489.5+171. 4 — 1 150.50+52.56 635166 774.3+153. 1 — 1 139.25+234. 83
HEMEATOE S 488.3£146.3 — 1121£116.96  638+140 631.2+168.2 — 1 307.75+335. 49
Ho/(N-mm™')  BEFE 2 688.6331.3 — 1218.50£35.78 3 979=1 784 1 335.2+325.2 — 2 151. 67+298. 45
MJE 1 084.3+234. 1 — 1 113+93. 03 2598837 861.3+271.2 — 1778.5+427. 93

3.2 MCBT EfEH WA ERE

TT AW 7 5 REAE & 0T 1E % 5 B g b i
HIRIEIRAE . TT B e 2 A =2 N
Il CBT M MCBT MR E o Y& A E BB i B
HER T 10 g/em’®, BRET I B R BTIK Hh 1 T F%
60 N'Z'  ANARFA B M L T R, ER 5 &
AE RS, P, TT 55 5 B 76 15 0 B A £
HIE L CBT o # MCBT 59, Matsukawa 5% iff 53
& BRI AR R () ST ] 2 B R R
JE ., MCBT H 4T 38 (1 ZE 1, SR ET 3k viig W] 3A HEAA 119
2RI R E TR Y S AR AT IR ET S
JoT B )42 T AR — 238 K T W T 2R i [
FE S5, % A5 T I 3 B R IR R AR
F A A AP R R P [ E S e A A
SRR T — BTk
3.3 MCBT ##E2fTREEAEMLE

Santoni % BFSY &K, CBT [HE RS TT AH
2 (CBT #2%7HK 29 mm, 4% 4. 5 mm;PS K 50 mm,

HAE6.5 mm) , ASCEEH K], MCBT BRET7E ||
T2 3 A TAL R E ML T PS, A oL e TR g
T PS AHABA G725,

MecLachlin %5205 13 XHFA 3 PS 7Y CT S &
“teeter-toteer” BL 5, HIV AN s MR £ 8 3 [ 22 , 117 iy 128
g1, Guo %7 BT R, TR AN H AT (1 s B
Ve e B s R, BB B RS E
IRET IR A e R o A8 B, S BB . MCBT =k
ik MO Gr s K T, R Z M ) e e B, {4
WRETHE RIEE , A F) K& teeter-toteer” R4, [F] R,
125206 28 5 SOk [ 28-29 1 42 H A0 < MEVET Sk v E A
2 BT I [ i EE A DL S SCER [ 23 ] H 4
IR AT BAR A B IRET T 2 R RR AR S
B RERARTT
3.4 MCBT ZEHAEREEFELE

Liu 25V BF 58 6 0], TT A MER M L CBT 20 76
] Jees Rt ) e e T A OB A R M, 1R
I S48 SRR SY B, CBT 4 HEAR R JE AU i ) 2436



EREMAE $£37% F3H 2022%6 A
490 Journal of Medical Biomechanics, Vol. 37 No.3, Jun. 2022

BT TT 2, e O Jt 0l 1) e AN A TT 4
ARSI FaRgs e , MCBT A HEMR T |5 ik
SETES TT 2 22 i) A K 1 A et 40 0l 1) e 5 42 T
AT
3.4.1 M REAesh & sk 4 T JL 5 Matsukawa
SECURIFFEINA 5 I BERAET T it w2 M Al 1 2 114
[ E SR . MCBT B AT 18 (o A8 5T Sk o 7] SR AfE 1A
HREZK [ s HR A 11 07 R R AT 280977 L A A ) )
(A e BE RS . R TT [ 8k 2 A
B, H 2 T S /N R B A, FEME A
ghrf BN Ak B IR g IR
JRB A A T B B R R N
o IR 5 J3E T — 2D N MEARAS B AR ST [ 5 L
MCBT [ 72 244 R %5 5 B , B B A S0 35 8 BB i
JEIL AR B /N A TR ARSI X 5 R A
JEB AN PRAS, BR TT 76K M B A& L HA
B AE H TS R B [ A A, AT E 7 1)
(712 R BN MCBT

Jain %[36] ﬁﬁ?{i{fﬂ, BHA 6 mm. K 45 mm 1Y
PS TEFTJE 5 A DU Bl 1) BERS o von Mises N7 J)
IR/, ARTCES RANH E S5 R FH B MCBT #2247 K
JEE RN AR Ry s A, (EL LA 00 i R 1) e 2 T R Y
RIEY] T MCBT 7EMEMRER & £ 7 i pg A%, H
U, TT AR B8 v I P 3 Ao b 25 0 1 DG 5 58 56
T, TS5 S MR A T 988 7 P 1) e 2 i 52 3 AN 4 e
T sE P — B B, T MCBT T3 B2 A A7
e bR RS 7 A0 et 60 il ) e 2 b DAy MY Ok B

AR e T,
3.4.2 W ERAEA T UH5A  MCBT 4HEARTE

FEVEATN TT A, J5 e YEAH L T TT A48 T4
ANg ARSCINR KR T A SIS MCBT BRET BLARHR
AN, AR S v R E A PRI, B
MCBT #8015 B T B AR RN SR, 7E
HUE UG T 12468 S TT M 2ZEA K, KA
PRI MCBT (AR, XA S50 5 SCk [ 13 ]
S (CBT, HAR 5 mm) ZERTE AS R T00 R 4588
] () SR 22—

4 ZHig

ARSCHIFIMEMR CT F1 8 8t S RT3 =
HERLRY (A FROC 2 M 45 2 1 S 0 1

P& , W1 BAE T MCBT 12 fE — e LIL T
TT,

SE

[ 1] BOUCHER HH. A method of spinal fusion [ J]. J Bone
Joint Surg Br, 1959, 41-B(2) . 248-259.

(2] 46, SR, e, 55 NEHESS B% rh & al G BOR IR R
PR J] P EE 51 kAR, 2019, 8(11) ; 872-876.

[ 3] ROSINSKI A, ODEH K, UNGUREAN V, etal. Non-
pedicular fixation techniques for the treatment of spinal
deformity. A systematic review [ J]. JBJS Rev, 2020, 8
(5): €0150.

[4] TARAWNEH AHMAD M, SALEM KHALID MI. A
systematic review and meta-analysis of randomized
controlled trials comparing the accuracy and clinical
outcome of pedicle screw placement using robot-assisted
technology and conventional freehand technique [ J ].
Global Spine J, 2021, 11(4): 575-586.

[ 5] LONSTEIN JE, DENIS F, PERRA JH, et al. Complications
associated with pedicle screws [ J]. J Bone Joint Surg
Am, 1999, 81(11): 1519-1528.

[ 6] SANTONI BG, HYNES RA, MCGILVRAY KC, etal.
Cortical bone trajectory for lumbar pedicle screws [ J].
Spine J, 2009, 9(5) : 366-373.

[7] E&E, FHE, B0, 5 HEDRETEPEBTHAR
RIRTFERE IR J ] T EBEAMRIRA , 2019, 27(2) : 159-164.

[ 8] WANG J, HE X, SUN T. Comparative clinical efficacy and
safety of cortical bone trajectory screw fixation and
traditional pedicle screw fixation in posterior lumbar fusion:
A systematic review and meta-analysis [ J]. Eur Spine J,
2019, 28(7) : 1678-1689.

[ 9] MATSUKAWA K, KAITO T, ABE Y. Accuracy of cortical
bone trajectory screw placement using patient-specific
template guide system [ J]. Neurosurg Rev, 2020, 43(4) .
1135-1142.

[10] BALUCH DA, PATEL AA, LULLO B, etal Effect of
physiological loads on cortical and traditional pedicle screw
fixation [ J]. Spine, 2014, 39(22) . E1297-302.

[11] REXITI P, AIERKEN G, WANG S, etal. Anatomical
research on strength of screw track fixation in novel cortical
bone trajectory for osteoporosis lumbar spine [J]. Am J
Transl Res, 2019, 11(11) : 6850-6859.

[12] PEREZ-ORRIBO L, KALB S, REYES PM, etal
Biomechanics of lumbar cortical screw-rod fixation versus
pedicle screw-rod fixation with and without interbody
support [ J]. Spine, 2013, 38(8) : 635-641.

[13] HBEASR, B A, Hhibeds. WEAHE B I £1 08 SR 6T 76 T AL
REBF PR =4 BRI [J] . h AR SR S R
B4, 2015, 1(2): 1-6.

[14] REXITI P, ABUDUREXITI T, ABUDUWALI N, etal.



IHE  EARTONMEECRESRITENURERBITERNEY 21T
WANG Yixi, et al. Finite Element Analysis on Biomechanical Properties of Traditional Trajectory and
Modified Cortical Bone Trajectory 491

[15]

[16]

[18]

[19]

[21]

[22]

[24]

[25]

Measurement of lumbar isthmus parameters for novel
starting points for cortical bone trajectory screws using
computed radiography [ J]. Am J Transl Res, 2018, 10
(8) : 2413-2423.

REXITI P, AIERKEN A, SADEER A, et al. Anatomy and
imaging studies on cortical bone screw freehand placement
applying anatomical targeting technology [ J ]. Orthop
Surg, 2020, 12(6) : 1954-1962.

RIGET, EH, WA, BB E B ST SR N T B Bt
N AR A S A BROC A BT [0 ). T [ OB A Rl 2k ks
2018, 26(12) ; 1126-1131.

MATSUKAWA K, YATO Y, NEMOTO O,
Morphometric measurement of cortical bone trajectory for

et al.

lumbar pedicle screw insertion using computed tomography
[J]. J Spinal Disord Tech, 2013, 26(6) . E248-253.
PASOTO SG, AUGUSTO KL, ALVARENGA JC, etal.
Cortical bone density and thickness alterations by high-
resolution peripheral quantitative computed tomography .
Association with vertebral fractures in primary Sjoégren’s
syndrome [ J]. Rheumatology, 2016, 55(12) : 2200-2211.
SUWITO W, KELLER TS, BASU PK, et al. Geometric
and material property study of the human lumbar spine
using the finite element method [ J]. J Spinal Disord,
1992, 5(1): 50-59.

MEHTA H, SANTOS E, LEDONIO C,
Biomechanical analysis of pedicle screw thread differential
[J]. Clin

et al.

design in an osteoporotic cadaver model
Biomech, 2012, 27(3) : 234-240.

MATSUKAWA K, YATO Y, IMABAYASHI H,
Biomechanical evaluation of lumbar pedicle screws in

et al.

spondylolytic vertebrae. comparison of fixation strength
between the traditional trajectory and a cortical bone
trajectory [ J]. J Neurosurg Spine, 2016, 24(6) : 910-915.
MATSUKAWA K, YATO Y, IMABAYASHI H. Impact of
screw diameter and length on pedicle screw fixation
strength in osteoporotic vertebrae: A finite element
analysis [ J]. Asian Spine J, 2020, DOI. 10.31616/asj.
2020. 0353.

OKUYAMA K, SATO K, ABE E, Stability of
transpedicle screwing for the osteoporotic spine. An in vitro

et al.

study of the mechanical stability [ J]. Spine, 1993, 18
(15) ; 2240-2245.

ZINDRICK MR, WILTSE LL, WIDELL EH, etal. A
biomechanical study of intrapeduncular screw fixation in the
lumbosacral spine [ J]. Clin Orthop Relat Res, 1986, 203.
99-112.

HELLER JG, ESTES BT, ZAOUALI M,
Biomechanical study of screws in the lateral masses:

et al.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

variables affecting pull-out resistance [ J]. J Bone Joint
Surg Am, 1996, 78(9) . 1315-1321.

MCLACHLIN SD, BEATON BJ, SABO MT,
Comparing the fixation of a novel hollow screw versus a

et al.

conventional solid screw in human sacra under cyclic
loading [J]. Spine, 2008, 33(17): 1870-1875.

GUO HZ, TANG YC, LI YX, et al. The effect and safety of
polymethylmethacrylate-augmented sacral pedicle screws
applied in osteoporotic spine with lumbosacral degenerative
disease: A 2-year follow-up of 25 patients [ J]. World
Neurosurg, 2019, 121 e404-e410.

WEINSTEIN JN, RYDEVIK BL, RAUSCHNING W.
Anatomic and technical considerations of pedicle screw
fixation [ J]. Clin Orthop Relat Res, 1992, 284 . 34-46.
WU SS, EDWARDS WT, YUAN HA. Stiffness between
different directions of transpedicular screws and vertebra
[J]. Clin Biomech, 1998, 13(1 Suppl 1) ;. S1-S8.

LIU CW, WANG LL, XU YK, et al. Traditional and cortical
trajectory screws of static and dynamic lumbar fixation- A
finite element study [ J]. BMC Musculoskelet Disord,
2020, 21(1): 463.

MATSUKAWA K, YATO Y, IMABAYASHI H,
Biomechanical evaluation of the fixation strength of lumbar

et al.

pedicle screws using cortical bone trajectory. A finite
element study [ J]. J Neurosurg Spine, 2015, 23(4) . 471-
478.

COMPSTON JE, MCCLUNG MR, LESLIE WD.
Osteoporosis [ J]. Lancet, 2019, 393(10169) : 364-376.
B, o, X, S5 ORI B ME S AR E R gl
PRI ERAEY I, 2021, 36(2) : 195-200.

LIANG C, WANG G, LIU JH, etal Axial mechanical
properties of the posterior spinal pedicle fixation system
[J]. J Med Biomech, 2021, 36(2): 195-200.

RYAN PJ, BLAKE GM, HERD R, et al. Distribution of
bone mineral density in the lumbar spine in health and
osteoporosis [ J]. Osteoporos Int, 1994, 4(2) . 67-71.
BRAILLON PM, LAPILLONNE A, HO PS,
Assessment of the bone mineral density in the lumbar

et al.

vertebrae of newborns by quantitative computed
tomography [ J]. Skeletal Radiol, 1996, 25(8) : 711-715.
JAIN P, KHAN MR. Selection of suitable pedicle screw for
degenerated cortical and cancellous bone of human lumbar
spine: A finite element study [ J]. Int J Artif Organs, 2021,
44(5) : 361-366.

KIM HJ, CHUN HJ, LEE HM, et al. The biomechanical
influence of the facet joint orientation and the facet tropism
in the lumbar spine [ J]. Spine J, 2013, 13(10): 1301-

1308.



