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Biomechanical Comparison of Internal Fixation by Traditional and
Cortical Bone Trajectory Pedicle Screw

ZHAO Hongtao'*, YANG Haisheng'
(1. Department of Biomedical Engineering, School of Environment and Life Sciences, Beijing University of
Technology, Beijing 100114, China; 2. Puyang Hospital of Traditional Chinese Medicine, Puyang 457000,

Henan, China)

Abstract: Objective To compare the effects of cortical bone trajectory (CBT) and traditional trajectory (TT)
pedicle screw internal fixation on the range of motion (ROM) and rod system stress of normal and osteoporotic
(OP) spines. Methods The L3-Sl finite element models of normal and OP spines were established. The screw
rod system with two kinds of trajectory was used for internal fixation of the L4-5 segment, so as to simulate six
physiological loads, namely, flexion, extension, left/right bending, left/right rotation. The effects of two internal
fixation methods on ROMs and maximum equivalent stress of screws in normal and OP spines were compared.
Results For both bone conditions, CBT and TT significantly reduced ROM of the fixed segment ( L4-5) and the
entire segment of lower lumbar spine (L3-S1). However, the ROM decline of CBT group was slightly smaller
than that of TT group, and their ROMs were similar under flexion and extension, but the ROM differences were
significant under lateral bending and axial rotation. In addition, for both the normal and OP spine models, the

W B #:2022-09-05; &2 B #7:2022-10-21
EEWE Lt AARAIES I (7202003) , LT HH 2 2205805 H (KM202010005035)
BIEEE N, 2072, 144 200, E-mail ; haisheng. yang@ bjut. edu. cn



BEF, % FHSERENTHESRIBSTABRERNEY HZEITE
ZHAO Hongtao, et al. Biomechanical Comparison of Internal Fixation by Traditional and Cortical Bone
Trajectory Pedicle Screw 31

maximum equivalent stress of screws in CBT group was significantly higher than that in TT group. Compared with
TT group, the screw stress of CBT group in normal spine model under flexion and extension, lateral bending,
axial rotation was increased by 27% , 268% and 58% , respectively. However, when CBT technique was used at
the same time, the OP spine model had a smaller screw stress distribution than the normal spine model.
Conclusions Compared with TT technique, CBT technique can achieve higher screw stress under OP condition
and reduce screw stress concentration under normal bone condition. In addition, CBT slightly increases ROMs of
each segment, which is conducive to recovery of spinal physiological function after surgery. Lateral bending and
axial rotation can produce negative mechanical effects, and these two physiological loads should be avoided.

Key words: pedicle screw; cortical bone trajectory ( CBT); traditional trajectory ( TT); internal fixation;
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(b) Fixed by TT screw

) ROM FIAE A B | $2 7 J5 BEAE =5 AR 1] mT DUB )
RS AT BORAENE L U ST & B A [ S
Ba T BT SR, S BUR o R 3,
TR AR SR BE iz 3l PR, fl & By iy B
TGS PR R A A R Al A b T I R A BB
M A BERE A SCA BRI 515 5 L3~ S1 75
Bt ROM b 14~5 BB ROM T [ A9 iR B Bg /N, J&
H AR A T BoAME S5 R

EREMAY 125058, 38 % A ROM %
WA E RO, SR S IR 8
/N ROM 33 ] DUy e £ 3 R 5 R T IEMEAR AL ok
(A ANTE JB% , 2 T A 35 Jo i, e/ PR BE A A1 T e Y Bt
FRaE T, BOAE 2 9 Bl 1 2 R RAE F R YT
B, ARCEERFN B RN T, 5 TT HR
A, KA CBT i ARJ5 L3 ~S1 4K ROM H4fil7e 1°
DAV, /NI ROM 3 i 4 A TR 88 — 2 iz sh o
e, SR, 7E (] FPYE FE A ROM 36 A A 1 A4 B
IIREMR SR, v T i — 2D S IR B

A HE S AR ET 32 ) 2 P T DA SR B ME S AR T
RGN 5 FR TR HE 55 AR T s B iy, 0250 R 2
TR B R, X 5 R R B B SR ET B A —
B, HEM R N 7B RO A5 R IR b, HE S AR
BT S5 FE AT 0 3% 12 Ak R M 5 AR T T 28 e DL A
£, Mai %2 FH] HU (B4 % B, CBT 1247 [& €
SRR B K A GE M S ARIRET . K R
BAME B A AR B 538 m AR T LL AT, X
PSR 2T M E, Zhang SRR R, A5 4E
WY 2H CBT 248k X 3, ( range of interest, ROI) &bl 75
(1) HU B 5 25 KL Gt =5 AR BRET , 35X Fh 22 7 7
BAERE TR ICONH R, L EPIRON  ARE R T

JFWRCSONE , 224 1 %5 P WAV T 5 5 B iy I ) 43 A
SIRETRA S A, T CBT 285 XUk & %5
DX, 32100 3 5 e S0 0L 52 i B /N, AR SO HLAE AR R
B, JCIE 2 IE 8 BOL 4 BB AR A, CBT SR 5T
PR TT BRET A R B 1 3, BRET N ) o3 A 5 4T E
WA NAE— B, SR, 7R R R A CBT $0R
S, B TR A TR 5 T B SR SR /N B8 R ) 73
A TS O 2 4

H T AT A RO T A7 BROT B, A7 1
— BB RIE . D 0B ATRE BSR4 T BEAR AL AL
B TEH B JSOR R BT AL S Y e R A 2 — A
BHURAE, 5 92PrE BRI IR A A @ B 5
BN FURTETE B B 5 AL 3% IR B0 i e
PIREARSRPE AL o 25 FE Al IR A2 N &, i A L
B 5 SR A i 22 5 ) AR SCHL 5 A R B3 ik
I EE 1725 5 O T HEBRIRET R R B AR 25 I
RN R A BEFNSMEAH R Y $RET #E4T CBT A0
TT FEAN [F] B T 107 252 56, 5 1l PR 52 B A e
HA

4 #ie

BIREAS AR M T TT A&, CBT AR Af
DLSIIA i MR T N T, B AT I B o 2% 1 I R
ETRE 385 o 55 Ah, CBT H AR WS 34 i 17 4515 B
ROM, £ F| FARJG A HAE BRI RE MK, DS A
[ JE 2 2 7 HE A7 THT 1) 0 23 80RO ki A 3 G o A B
LW

SE Lk

[ 1] RAVINDRA VM, SENGLAUB SS, RATTANI A, etal
Degenerative lumbar spine disease: Estimating global



36

EREMAE $£38% F1H 2023£2A
Journal of Medical Biomechanics, Vol. 38 No. 1, Feb. 2023

[4]

[10]

[11]

incidence and worldwide volume [ J]. Glob Spine J, 2018,
8(8): 784-794.

NOMOTO EK, FOGEL GR, RASOULI A
Biomechanical analysis of cortical versus pedicle screw
fixation stability in TLIF, PLIF, and XLIF applications [ J].
Glob Spine J, 2019, 9(2) . 162-168.

DING H, HAI Y, LIU Y, et al. Cortical trajectory fixation
versus traditional pedicle-screw fixation in the treatment of

et al.

s

lumbar degenerative patients with osteoporosis. A
prospective randomized controlled trial [ J]. Clin Interv
Aging, 2022, 17; 175-184.

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

e, AN WEY I EMERERETARREIJ]. EAE
Y2k, 2022, 37(1) ; 4-17.

QIAO H, ZHAO J. Development of lumbar surgery from
J Med Biomech, 2022,

et al.

biomechanical perspectives [ J].
37(1): 4-17.

TA, R LR, TR, . BRRITHT ML
GEMES AREEM R B BUR ST E A e (V] B
WS, 2022, 37(3) ; 485-491.

WANG YX, MAITIROUZI J, WANG SQ,
element analysis on biomechanical properties of traditional

et al. Finite
trajectory and modified cortical bone trajectory [J]. J Med
Biomech, 2022, 37(3) . 485-491.

KAHAER A, ZHOU Z, MAITIROUzZI J,
Biomechanical investigation of the posterior pedicle screw
L4-L5
traditional and cortical trajectories: A finite element study
[J]. J Healthc Eng, 2022, 20(22) ; 1-11.
GUO Hz, TANG YC, GUO DQ, etal

evaluation of four

et al.

fixation system at level lumbar segment with

Biomechanical

different posterior instrumentation
techniques for single-level transforaminal lumbar interbody
fusion: A finite element analysis [ J].
2020, 12(10) : 6160-6169.

SANSUR CA, CAFFES NM,

Biomechanical

Am J Transl Res,

IBRAHIMI
properties  of

DM,
cortical

et al.
fixation versus
transpedicular screws in the osteoporotic lumbar spine: An
in vitro human cadaveric model [ J]. J Neurosurg Spine,
2016, 25(4) . 467-476.

SCHMIDT H, HEUER F, DRUMM J, et al. Application of
a calibration method provides more realistic results for a
finite element model of a lumbar spinal segment [ J]. Clin
Biomech, 2007, 22(4) . 377-384.

POLIKEIT A, NOLTE LP, FERGUSON SJ. The effect of
cement

augmentation on the load transfer in an

osteoporotic functional spinal unit: Finite-element analysis

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[J]. Spine, 2003, 28(10) : 991-996.

JIANG S, LI W. Biomechanical study of proximal adjacent
segment degeneration after posterior lumbar interbody
fusion and fixation; A finite element analysis [ J]. J Orthop
Surg Res, 2019, 14(1) . 135-140.

DAHL MC, ELLINGSON AM, MEHTA HP, etal. The
biomechanics of a multilevel lumbar spine hybrid using
nucleus replacement in conjunction with fusion [J]. Spine
J, 2013, 13(2) . 175-183.

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.
WEINSTEIN JN, RYDEVIK BL, RAUSCHNING W.
Anatomic and technical considerations of pedicle screw
fixation [ J]. Clin Orthop Relat R, 1992(284) . 34-46.
MKSNA S, KOENIG SJ, NASH AB, et al. Biomechanical
evaluation of Ilumbar lateral interbody fusion for the
treatment of adjacent segment disease [J]. Spine, 2019,
19(3) : 545-551.

HADDAS R, XU M, LIEBERMAN I, et al. Finite element
based-analysis for pre and post lumbar fusion of adult
degenerative scoliosis patients [ J]. Spine Deform, 2019,
7(4) . 543-552.

MACKI M, ANAND SK, SURAPANENI A,

Subsidence rates after lateral lumbar interbody fusion: A

et al.

systematic review [ J]. World Neurosurg, 2019,12(2):
599-606.

LI XH, SHE LJ, ZHANG W,
extreme lateral interbody fusion with different internal

et al. Biomechanics of

fixation methods: A finite element analysis [ J]. Bmc
Musculoskel Dis, 2022, 23( 1) 134-142.

XU, XUFF, Bl e ARSI A= 9 ) 2 0 E P
[J]. FRAEKRZZEM (ARFIERR) |, 2019, 40(7) : 986-990.
MAI HT, MITCHELL SM, HASHMI SZ, et al. Differences
in bone mineral density of fixation points between lumbar
cortical and traditional pedicle screws [ J]. Spine J, 2015,
16(7) ; 835-841.

ZHANG R, LI H, GAO H, et al. Associations between the
hounsfield unit values of different trajectories and bone
mineral density of vertebrae: Cortical bone and traditional
trajectories [ J]. Am J Transl Res, 2020, 12(7): 3906-
3916.

LI J, YANG Z, XIE T, et al. Deterioration of the fixation
segment’ s stress distribution and the strength reduction of
screw holding position together cause screw loosening in
ALSR fixed OLIF patients with poor BMD [ J ].
Bioeng Biotech, 2022, 10(1) . 1-17.

Front



