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Early Failure of Cortical-Bone Screw Fixation in the
Lumbar Spinal Stenosis

Ji-Won Kwon, M.D.*', Jin-Gyu Kim, M.D.%, Joong-Won Ha, M.D.*", Seong-Hwan Moon, M.D.,, Ph.D.Y,
Hwan-Mo Lee, M.D., Ph.D.*, and Yung Park, M.D.*™

*Department of Orthopedic Surgery, Yonsei University College of Medicine, Seoul,
'Department of Orthopedic Surgery, National Health Insurance Service Illsan Hospital, Goyang, Korea

Purpose: Pedicle screw insertion has been traditionally used as a surgical treatment for degenerative lumbar spine disease. As an
alternative, the cortical-bone trajectory screw allows less invasive posterior lumbar fixation and excellent mechanical stability, as reported
in several biomechanical studies. This study evaluated the clinical and radiological results of a case of early failure of cortical-bone screw
fixation in posterior fixation and union after posterior decompression.

Materials and Methods: This study examined 311 patients who underwent surgical treatment from 2013 to 2018 using cortical orbital
screws as an alternative to traditional pedicle screw fixation for degenerative spinal stenosis and anterior spine dislocation of the lumbar
spine. Early fixation failure after surgery was defined as fixation failure, such as loosening, pull-out, and breakage of the screw on
computed tomography (CT) and radiographs at a follow-up of six months.

Results: Early fixation failure occurred in 46 out of 311 cases (14.8%), screw loosening in 46 cases (14.8%), pull-out in 12 cases (3.9%),
and breakage in four cases (1.3%). An analysis of the site where the fixation failure occurred revealed the following, L1 in seven cases
(15.2%), L2 in three cases (6.5%), L3 in four cases (8.7%), L4 in four cases (8.7%), L5 in four cases (8.7%), and S1 in 24 cases (52.2%).
Among the distal cortical bone screws, fixation failures such as loosening, pull-out, and breakage occurred mainly in the S1 screws.
Conclusion: Cortical-bone trajectory screw fixation may be an alternative with comparable clinical outcomes or fewer complications
compared to conventional pedicle screw fixation. On the other hand, in case with osteoporosis and no anterior support structure particularly
at L5-S1 fusion sites were observed to have result of premature fixation failures such as relaxation, pull-out, and breakage.

Key words: early failure, cortical trajectory bone screw, pedicle screws, lumbar spinal stenosis
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Figure 1. (A) Represents screw loosening with peri-screw halo radiolucent findings. (B) Immediate postoperative lateral X-ray. (C) Screw pull-out with a

clearance over 2 mm. (D) Screw breakage.
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Figure 2. (A, B) Measurements of the
cortical-bone trajectory. CA, cephalad
angle; LA, lateral angle.



408

Ji-Won Kwon, et al.

Table 1. Characteristics of the Early Failure Group (n=46)

Variable Early failure group

Sex

Male 14 (30.4)

Female 32 (69.6)
Mean age (yr)

Male 61.6+14

Female 71.8+55
BMI (kg/m?) 24.9+4.6
Smoking history*

Male 8 (17.4)

Female 0(0)
BMD (T-score)

Spine 2111

Femur -1.7+0.7
No. of segments operated on

1 10 (21.7)

2 4(30.4)

3 16 (34.8)

4 6 (13.0)
Existence of interbody fusion

Yes 16 (34.8)

No 30 (65.2)
Location of the screw where early failure occurred

L1 7(15.2)

L2 3(6.5)

L3 48.7)

L4 48.7)

L5 48.7)

S1 24 (52.2)

Values are presented as number (%) or mean=standard deviation. *The
result of a history taking of whether or not current smoking. BMI, body
mass index; BMD, bone mineral density.

g 274 290oH o] & 382 AT {AES AJYSHA &
e} olofl Glennie $9& WAE A= WARES ARERH &4

A7A FAL e ARSI E3 Sakaura 5

o] 2018\ E3t 3} tiRF Ao wEw FAH7F -85
A DA A% UARBS ARGRE o] 33 7 VAR 1142 A
g3t ool vlsf AFH 4 SHo] Hw e ghelhal H1ske]
ok o] 49 A2 AF-Aulo] digt HuEo] L= AlEjoflA]
A AT Ax YA 7] 114 A AHE B3 o]
23t S oz o= A2l T5Ho] tisjiA] ohelsEa
ZF gk, 2 Ao e 7] 14 A AE 2PS A A

x_

AR Aol dlidE= 24, & FAT 58S A5 of
Y3gk 9] Blgo] o =kt E3F 7] 1 A AlgoflA 84
FE(umbosacral) F3& AlF, 284 o9 4 /3<%,
SARe] 7MY W2 T8 S22 (low BMD T-score) ® &
2 A &ZFAG=(high BMDQ] H|Fo] B & 22 T3t 4= A3
t}. ol Kowalski 5'70] WHet 1= k2 HHIE QF o
H(nonfixed moment arm cantilever beam) 2 g 0.2 A7}
B 5 A9 F9 BHETL 23] 7HeiAlE A= A2 9l

7] 2ol S ste= AY o AUs 28AR1 750l AY ¢l
ou g HE7L EEA] YAAY AR 7150] e v T
ZE &, FAt Zol4lHo| T AREE]ofof fhth= Aoltt. o
2hA] AR X x| go] FEoHA] X 83 FFollA LA (diver-
gent) A=} obd DAE Ak YARES] —%ﬁg%‘ih TAEA
U2 HHE oF EH RoA HErt =33 o) Ao A4
& (tension band fixation) 715 & 4 glo] LJARE olg A
o] wf-- ok 5= QIA| Hrt. whehA 2 AtollA 271 a7 A
5 Hel 3R] tigh B4 o A% AA| +2E T 43
= ‘7‘—71\—14 A 1191' U AL dutd o g naE A= AR

02 Ag¥sk= Bt 30 mme| do|Ett ¥ 4A Adst=
ekt 1A 0141] LTHA Aty A9 F9joll HE 4 YAk
= Adst= Aol 14Y P 583 2aE Us A= A
Z_]'.%E],?,lz)

o] A= AlFEE 7HA
T UAROR e len
AHIZE Qe SRS & 9 H”\V'] ou(}-
4 23E 35551371 EH'#‘W “”H:TLOﬂ/ﬂ

ofl gk Lpgo|m ofof thgk arzkof o2
ot =% 2 AolA AAIRE 7S &
oA SA-t 2t A A g5t A F
7t 28 5= A

SkAL-

=

e
] 74
512 23]
= B 89l
Folop g Aog W
Ao RIS

o= A+

| 49 9L =

Al
=

a
=

0.

o=
=

A UARE 14T} v 23S o
22 thehd 4 9l shte] of
m4%dLsmTmewﬁ
1€, o, o= 59 7]

(¢}

o

CONFLICTS OF INTEREST

The authors have nothing to disclose.



409

Early Failure of Cortical-Bone Screw Fixation

ORCID

Ji-Won Kwon, https://orcid.org/0000-0003-4880-5310
Jin-Gyu Kim, https://orcid.org/0000-0002-5971-3019
Joong-Won Ha, https://orcid.org/0000-0002-8260-2958
Seong-Hwan Moon, https://orcid.org/0000-0003-4302-1920
Hwan-Mo Lee, https://orcid.org/0000-0002-5405-3832
Yung Park, https://orcid.org/0000-0001-8360-9644

REFERENCES

1. Chao CK, Hsu CC, Wang JL, Lin J. Increasing bending
strength and pullout strength in conical pedicle screws: bio-
mechanical tests and finite element analyses. ] Spinal Disord
Tech. 2008;21:130-8.

2. Krag MH, Beynnon BD, Pope MH, DeCoster TA. Depth of
insertion of transpedicular vertebral screws into human ver-
tebrae: effect upon screw-vertebra interface strength. J Spinal
Disord. 1988;1:287-94.

3. Santoni BG, Hynes RA, McGilvray KC, et al. Cortical bone
trajectory for lumbar pedicle screws. Spine J. 2009;9:366-73.

4. Skinner R, Maybee ], Transfeldt E, Venter R, Chalmers W.
Experimental pullout testing and comparison of variables in
transpedicular screw fixation. A biomechanical study. Spine
(Phila Pa 1976). 1990;15:195-201.

5. Gao H, Zhang R, Jia C, et al. Novel placement of cortical
bone trajectory screws in the lumbar spine: a radiographic
and cadaveric study. Clin Spine Surg. 2018;31:E329-36.

6. Matsukawa K, Yato Y, Kato T, Imabayashi H, Asazuma T,
Nemoto K. In vivo analysis of insertional torque during ped-
icle screwing using cortical bone trajectory technique. Spine
(Phila Pa 1976). 2014;39:E240-5.

7. Yuan Q, Han X, Han X, He D, Liu B, Tian W. Krag versus
Caudad trajectory technique for pedicle screw insertion in

osteoporotic vertebrae: biomechanical comparison and anal-

9.

10.

11.

12.

13.

14.

15.

16.

ysis. Spine (Phila Pa 1976). 2014;39:B27-35.

Glennie RA, Dea N, Kwon BK, Street JT. Early clinical results
with cortically based pedicle screw trajectory for fusion of the
degenerative lumbar spine. J Clin Neurosci. 2015;22:972-5.
Hoffman H, Verhave B, Jalal MS, Beutler T, Galgano MA,
Chin LS. Comparison of cortical bone trajectory screw
placement using the midline lumbar fusion technique to tra-
ditional pedicle screws: a case-control study. Int ] Spine Surg.
2019;13:33-8.

Keorochana G, Pairuchvej S, Trathitephun W, Arirachakaran
A, Predeeprompan P, Kongtharvonskul J. Comparative out-
comes of cortical screw trajectory fixation and pedicle screw
fixation in lumbar spinal fusion: systematic review and me-
ta-analysis. World Neurosurg. 2017;102:340-9.

Rodriguez A, Neal MT, Liu A, Somasundaram A, Hsu W,
Branch CL Jr. Novel placement of cortical bone trajectory
screws in previously instrumented pedicles for adjacent-seg-
ment lumbar disease using CT image-guided navigation.
Neurosurg Focus. 2014;36:E9.

Kaye ID, Prasad SK, Vaccaro AR, Hilibrand AS. The cor-
tical bone trajectory for pedicle screw insertion. JBJS Rev.
2017;5:e13.

Baluch DA, Patel AA, Lullo B, et al. Effect of physiological
loads on cortical and traditional pedicle screw fixation. Spine
(Phila Pa 1976). 2014;39:E1297-302.

Sakaura H, Miwa T, Yamashita T, Kuroda Y, Ohwada T. Cor-
tical bone trajectory screw fixation versus traditional pedicle
screw fixation for 2-level posterior lumbar interbody fusion:
comparison of surgical outcomes for 2-level degenerative
lumbar spondylolisthesis. ] Neurosurg Spine. 2018;28:57-62.
Kowalski RJ, Ferrara LA, Benzel EC. Biomechanics of bone
fusion. Neurosurg Focus. 2001;10:E2.

Larson SJ. Biomechanics of spine stabilization: principles and

clinical practice. Neurosurgery. 1996;38:226-30.


https://orcid.org/0000-0003-4880-5310
https://orcid.org/0000-0002-5971-3019
https://orcid.org/0000-0002-8260-2958
https://orcid.org/0000-0003-4302-1920
https://orcid.org/0000-0002-5405-3832
https://orcid.org/0000-0001-8360-9644

410 pISSN : 1226-2102, elSSN : 2005-8918

Original Article J Korean Orthop Assoc 2020; 55: 405-410 e https://doi.org/10.4055/jkoa.2020.55.5.405 www.jkoa.org

QFE FEOM LEE Hle LR 189
I.

XN“NMﬂWW_ Nk

X 53 835 23 Agof tigt &4 A 52 A5 7 AR pedicle screw) A UE0] 54 0= ARE 0%t o] o
St oioko 2 A wAZ = YA cortical-bone trajectory screw)}> @ H<54Q1 T8} Q51 14 o] 7153t Myt EH O]
AA| A5t oAFLo| A K13t 2251 7| A A oS A o 2 7FR| AL Qi B oi7Lo] B o FH) 7ioks: & oHl A4 Wl 935
< A3t 80 1o WA A WA 1940) 27] Almof Tt Alle) b L WA AT E Folr 117} 5o S,
it} 2 e 50) a4 &% P2 9 A5 A A o] et HEHQ 23 7 UARE 719E tieteld 142 Am AR
= ARgsto] 2013958 2018G7HA] r& 4] A =S AR 311799 SALE Ve s sl e & 27| I ddfle e &
671 EA, Ll FAlolA] Alget e TE5EY(computed tomography) E A ARIAF UARES] 0|9, ofgh Wl miy} -2
2 Af7h dofd A= st
Zik 27] 17 A= 31190 5 46901(14.8%), AR ol2te] 4690(14.8%), ol&ro] 12911(3.9%), THEo] 49]|(1.3%)°014 HAYsI%
o} ofig 178 Azt ot 29 84 A], L1o] 790(15.2%), L27F 390(6.5%), L37}+ 4°1(8.7%), L47} 4911(8.7%), L57} 4°1(8.7%),
1231 S10] 24901(52.2%) A, F2 T 3EE Al AR SOl = ST HAROA ofe, ofF 9l st -2 117 Az 3
= 2kt
ZE: A A% AR 4L 7129) M3 4 AR 14T B He o) S5 Q4 AT 4L g
Shte] Higho] & & lout Frhsgol AAY 53] L5-S1 FraHr-lol A ARAIAIF27} H4] o= 23w, of¢, ofe, o
Sol 7] 9 A} ER= A3} 5ick

F

MQITHN: 27| A, IES Hl= LAR, B3 8 LIMR, 257

Bl

P
g
]

U 20193 63 122 78U 20194 83 12 AHKHEPEY 20194 118 19
SRR o &
10444, TIPIA| QMET IR 100, BORIZE UAistel SOl
TEL 031 900 0270, FAX 031-900-0343, E-mail yungspine@gmail.com, ORCID https://orcid.org/0000-0001-8360-9644

EH%_"@%QW-E.ER' . I‘" 5?;' X‘Il 55 2020 Copyright © 2020 by The Korean Orthopaedic Association

“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”


mailto:yungspine@gmail.com



