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INTRODUCTION

The use of cortical bone trajectory (CBT)
pedicle screws for posterior fixation and
fusion seems to constitute a viable alter-
native for spinal procedures, with the po-
tential to mitigate risks, be minimally
invasive, and cause less tissue damage
than the traditional technique. Its use is
spreading among spine surgeons, so that
the number of reports and publications
dealing with this topic in the English
literature has increased beyond measure.
Still few prospective series have investi-
gated clinical or radiologic outcomes of
CBT fixations with a long-term follow-up,
and the surgical technique along with its
technological developments and the un-
derstanding of variations of biomechanics
have been further improved and docu-
mented. The aim of this review was to

The use of cortical bone trajectory (CBT) pedicle screws for posterior fixation
and fusion seems to constitute a viable alternative for spinal procedures, with
the potential to mitigate risks, be minimally invasive, and cause less tissue
damage than the traditional technique. This review analyzes the literature
regarding CBT according to the rate of evidence of articles and their main focus.
CBT has proved to be a safe and viable option for screw fixation in spine sur-
gery. Given the denser bone interception, high-quality hiomechanics studies
show equal or even better properties compared with classic pedicle screw
fixation, depending on several factors such as screw size and length. Through
the years, surgical technique has improved to gain a longer and safer trajectory
than first described. Level 2 and 3 clinical studies suggest equal clinical and
radiologic outcomes compared with pedicle trajectory fixation, but high-quality,
level 1, randomized controlled trials are needed to confirm these results.

analyze the state of the art of the tech-
nique and to examine the medical evi-
dence published on this topic.

METHODS

Selection criteria and references for this
review were identified by searching
PubMed, using the terms “cortical bone
trajectory,” “cortical bone trajectory
screws,” “cortical pedicle screws,” and
“cortical screws.” Only articles published
in English, until June 10, 2019 were
reviewed. Inclusion of the references was
based on the scope of this review,
according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses) guidelines’ (Figure 1). Studies
were then analyzed according to their
main focus and divided into groups:
“biomechanics investigation,” “surgical
technique,” “clinical/radiological
studies.” Each article was classified
according to its evidence rate using the
modified  Sackett grading  system
proposed by the Journal of Bone and Joint
Surgery, American  Volume.> Descriptive
clinical or radiologic studies were all
included in level IV. Some studies did
not satisfy the grading system, which
was not applicable in those cases.

BIOMECHANICS INVESTIGATIONS

Biomechanical properties were studied in
most cases with cadaveric tests and
computational analysis. Only few in vivo
evaluations exist. Santoni et al.’ first
reported a description of CBT technique
and showed the equivalent pullout and
toggle characteristics compared with the
traditional convergent pedicle trajectory
(PT) in a human cadaveric biomechanics
study. Although other studies confirmed
these findings,*> Baluch et al.® found no
differences in axial pullout strength
between the 2 techniques but showed
superior resistance in toggling of CBT
screws. Other studies showed no
differences in mechanic tests using CBT
with  smaller  screws,  suggesting
considerations about the superior quality
of intercepted bones,”® as confirmed by
radiologic  studies.”™  Perez-Orribo
et al.” performed standard
nondestructive flexibility tests comparing
PT and CBT, confirming the same
stability regardless of the presence and
the type of an interbody support.
Matsukawa et al.”® first highlighted in
an in vivo study that the insertional
torque of the CBT technique was higher
than in the PT technique. Subsequently,
in a study with the finite element
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Figure 1. PRISMA flowchart.
method,"* these investigators showed spine (Cheng et al.**) and in radiologic
superior fixation strength for each reduction evaluation (Ninomiya et al.”)

individual CBT screw compared with PT
(mean pullout strength and mean
stiffness  during cephalocaudal and
mediolateral loading) along with higher
resistance to flexion and extension
loading, but with lower resistance to
lateral bending and axial rotation.
Mechanical data were shown to vary
depending on technical factors of screw
placement, bone quality,” and, above all,
screw size and length,”® factors that were
later confirmed after other cadaveric
tests.””"® The use of longer screws with
bigger size was shown to be related to
best biomechanical properties compared
with PT fixations.">'* Some investigators
described modified trajectories in an

attempt  to  strengthen  fixation:
Matsukawa et al.” described the
satisfactory  cross-trajectory,  whereas

Sakaura et al.”® presented worse results in
lumbosacral fixation with an articular
entry point. Grigoryan et al.*" evaluated a
feasible Sr1 trajectory according to the
CBT technique to achieve more stability.
Few studies evaluated the biomechanics
of CBT in spondylolisthesis. Some in-
vestigators found no differences in the
range of motion after fixation of cadaveric

in low-grade spondylolisthesis between
CBT and PT screws. In isthmic spondylo-
listhesis, PT was shown to have a better
biomechanical profile but further studies
are needed.”* An in vivo study by
Ninomiya et al.*> recommended extreme
caution with the CBT technique in
patients with lysis who are aged >75
years. Bone quality seems to be a key
point. A study focused on this topic*®
and showed that Hounsfield unit values
could be a strong predictor of both
primary and long-term screw fixation
in vivo. Only 1 study described a better
fatigue performance of PT screws
compared with CBT screws in vertebrae
with compromised bone quality.*”

The general consensus, as confirmed by
this review and others in the past,*®* is
that CBT fixation seems to have at least
equal biomechanical properties compared
with PT fixations. The denser bone
intercepted could justify the results, even
with the use of smaller screws because of
the shorter corridor. Screw size and
length seem to play a key role in
reaching a real advantage over PT
technique. In low-grade spondylolis-
thesis, the CBT technique proved to be

Figure 2. Standard ideal entry point

described by Matsukawa et al.*": junction of
an ideal vertical line traced through the
center of the superior articular process and
an ideal horizontal line traced 1 mm inferior
to the inferior border of the transverse

process.

equally effective. No evidence supports the
use of CBT for isthmic spondylolisthesis.

SURGICAL TECHNIQUE

Standard Technique and Morphometric
Measurements

Santoni et al.®> first presented the new
cortical trajectory in 2009 describing
summarily a path with a caudocephalad
direction in the sagittal plane and a
mediolateral direction in the transverse
plane in the transverse plane. Mobbs*
first described a standard sequence for
the procedure, choosing a starting point
medially on the pars and proceeding
with a 2-mm high-speed round burr drill,
to minimize the risk of fracture in the
pars. In the caudocephalad path, the
target seemed to reach the posterior third
of the upper end plate whereas the
mediolateral trajectory was not specified.
Matsukawa et al.>* first identified in 2013
the ideal entry point, in a radiologic
study of 100 adults, with the aim of
investigating lumbar pedicles and ideal
CBTs: the entry point was described to
be at the junction of an ideal vertical line
traced through the center of the superior
articular process and an ideal horizontal
line traced 1 mm inferior to the inferior
border of the transverse process
(Figure 2). Regarding the mediolateral
and caudocephalad directions, the
trajectory seemed to vary according to
the lumbar level but was described to be
about 25° for the cephalad angle and ¢°
for the lateral angle, trying to follow
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(C—E).

Figure 3. Postoperative radiographs of an L4-L5 transforaminal lumbar

interbody fusion performed with cortical bone trajectory screws (A, B). The
most high-density bone is reached through the divergent and caudocephalad
path of the screws as shown on a postoperative computed tomography scan

Mobbs technique and in accordance with
other studies in that period.>**
Matsukawa et al.>* also described the
sacral CBT in a radiologic study, with the
entry point at the junction of the center
of the superior articular process of St
and approximately 3 mm inferior to the
most inferior border of the inferior
articular process of Ls. The direction was
straight forward in the axial plane
without convergence, angulated cranially
in the sagittal plane, penetrating the
middle of the sacral end plate. The mean
cephalad angle was found to be about
30°. The sacral end plate penetrating
screw seemed to gain more stability
against loosening and higher pullout
force, as confirmed by Grigoryan et al.*
Regarding size, the mean length was in
a range of 36.8—39.8 mm investigating all
lumbar pedicles and 31.5 £+ 3.5 mm for
S1.>* Zhang et al.®® identified in a
radiologic study the maximum theoretic

screw diameters from L1 to St to be
about 4.8, 5.1, 6.1, 6.8, 7.8, and 6.1 mm,
respectively, thus further confirming
previous reports by Matsukawa et al.>"

Modified Trajectories and Different
Applications

Early landmark studies were followed by
other studies describing modified trajec-
tories: more or less pronounced cephalad
or lateral angles have been proposed, as
have hybrid constructions, even for
different application after anecdotal re-
ports of clinical complications.?*3*# First
reviewed experiences®#’ encouraged the
use of this technique also for trauma and
deformity surgery. Goldstein et al.*®
described the use of CBT screws to treat
a single-level spondylolysis fracture. Mija-
koshi et al.*® successfully treated an L2
flexion-distraction fracture. Dual trajec-
tories and fixations have been proposed as
an option in osteoporotic patients or in

patients with adjacent segment disease,
who underwent previous pedicle instru-
mentation, or in spinal deformity
surgery.> >3

The use of CBT screws has been pro-
posed and described also for thoracic
spine fixation, with promising technical
results, both in adults and pediatric pa-
tients, analyzing the feasibility of the
technique together with different angles of
trajectory, length, and size of the
screws.>*® Orita et al.® described a
percutaneous CBT fixation on 20 patients
and compared it against percutaneous
pedicle screw fixation, with comparable
outcomes and safety.

Given the reduced visual exposure and
the peculiarity of the technique, the use of
neuromonitoring has been added and
described as an important tool to avoid
damage to nervous structures.’>** For the
same reason, modular head screws have
been developed to widen surgical
exposure, easing decompression
maneuvers given the medial entry point,
and a study”™ showed a significantly
lower fracture rate of modular than of
preassembled head screws.

Shifting to a New Paradigm in Surgical
Trajectory

After years of anatomic studies and trying
to identify the optimal entry point and
angulation, a new way of conceiving CBT
arose. The need for a customized trajec-
tory for the anatomy of the single patient
gained importance, to reach a concrete
biomechanical advantage on PT screws.
Given that most CBT arthrodeses come
from degenerative disease, investigators
started to notice that the degenerative
process does not always allow for easy and
perfect identification of the isthmus.
Furthermore, every patient's vertebrae
present slight differences from one
another, making it difficult to standardize
the perfect trajectory. For this reason,
many of the articles outlined -earlier
described the trajectory with similar but
different ranges of angulation. Matsukawa
et al.” first underlined the need for
varying CBT screw fixation according to
patient anatomy, particularly in terms of
bone mineral density. In this view,
trajectory measurements could be used
only as a guide in clinical practice.”®
Senoglu et al.”” gave a comprehensive
analysis of anatomic variations with a
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radiologic study, suggesting a detailed
computed  tomography (CT) scan
examination before the procedure to
determine the ideal fixation.

With technological advancements, new
tools have contributed to facing this chal-
lenge. Neuronavigation and robot-assisted
techniques are considered more accurate
and safer techniques than freehand
fluoroscopy-aided placements, according
to recent studies in CBT fixation.*® First
conceived for deformity surgery, three-
dimensional (3D) printed patient-matched
drill guides have been described for CBT
screw placement, with encouraging results
in terms of accuracy in cadaveric
studies.®® 7" Marengo et al.” described for
the first time the promising results of a
clinical study investigating the accuracy of
3D guides in a series of 1I patients.
Questions still remain about the use of
navigation and guides, considering
radiation exposure for the patient, costs,
and availability in common spine centers.
3D printed guides could represent a
promising strategy in selected cases of
important anatomic degeneration, thus
sustaining lower costs compared with CT-
based neuronavigation. However, they
require time for planning and a learning
curve for surgery. A real in-between strategy

could involve accurate CT planning with 3D
reconstruction for a visual aid during pro-
cedures, as described by the experience of
Penner et al.”?

CLINICAL/RADIOLOGIC STUDIES

The first articles describing clinical and
radiologic outcomes of CBT fixation
analyzed small case series with conflicting
conclusions: whereas some of them
highlighted the safety of the technique
and experienced satisfactory results,>>7477
showing less blood loss and a shorter
operative duration against PT fixation
with similar rates of bone union,”
conversely, others focused on
complications, which occurred after
surgery. Glennie et al.”® revised 2 of 8
patients with frank screw loosening.
Patel et al.”’ described 22 cases, and
among them 2 patients developed early
screw loosening, 1 developed an
intraoperative pars fracture, and 1 patient
developed both a pedicle fracture as well
as early screw loosening.

These opposing reports, among other
reasons, were likely to the result of the
small size of the studies and as a result of
the necessary learning curve, as confirmed
by the changes in the surgical technique

strategy outlined earlier. The first com-
parison between CBT and PT fusion was
reported in 2015 by Lee et al.*® in a
prospective randomized noninferiority
trial. Seventy-nine eligible patients were
randomly assigned to either CBT or PT
fusion. The primary study end point was
to measure the fusion rate. Secondary end
points included intensity of lower back
pain and pain radiating to the leg using
visual analog scales, and also functional
status using the Oswestry Disability Index,
surgical morbidity, and additional out-
comes such as pedicle fracture and me-
chanical failure. At 6 and 12 months
follow-up, similar fusion rates were
observed in both groups (P = 0.81 and
0.61, respectively). As for clinical
outcome, CBT fusions provided similar
improvements in pain amelioration and
functional status compared with PT. In
addition, CBT fusion also resulted in
significantly ~shorter incision length,
quicker operative time, and less blood
loss, compared with PT fusion. Therefore,
CBT screws in posterior lumbar interbody
fusion (PLIF) provided similar clinical and
radiologic outcomes compared with PT
screws in PLIF.

A large series of CBT fixations was re-
ported by Snyder et al. in 2016.%" A total of

B

Figure 4. L4-L5 advanced discopathy in a patient with bilateral sciatalgia and

back pain (A, B). A cortical bone trajectory—transforaminal lumbar interbody

fusion was performed et al. (C, D).
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Table 1. Cortical Bone Trajectory

Biomechanics Studies

Study Evidence

Number Reference Rate

1 Santoni et al., 2009° 2

2 Perez-Orribo et al., 2
2013"

3 Matsukawa et al., 2
2014"

4 Baluch et al., 2014° Not

available

5 Ueno et al., 2015* 4

6 Wray et al., 2015 2

7 Kojima et al., 2015° 2

8 Matsukawa et al., 2
2015'

9 Matsukawa et al., 2
2015"

10 Oshino et al., 2015° 2

1 Phan et al., 2015" 2/3

12 Cheng et al., 2015% 2

13 Matsukawa et al., 4
2015'

14 Ninomiya et al., 2015" 3

15 Akpolat et al., 20167 2

16 Mai et al., 2016'° 4

17 Matsukawa et al., 4
2016'°

18 Matsukawa et al., 4
2016%

19 Ninomiya et al., 2016 3

20 Sansur et al., 2016"7 2

21 Mobbs et al., 2016 N/A

22 Sakaura et al., 2016 4

23 Ninomiya et al., 2016%° 3

24 Matsukawa et al., 4
2017°

25 Delgado-Fernandez 2/3

et al., 20177

26 Phan et al., 20177 2/3

27 Matsukawa et al., 3
2018%

28 Grygorian et al., 2019 2

79 patients were included in a
retrospective analysis between October
2011 and January 2015. Mean length of
hospital stay was 3.5 days, and mean

operative blood loss was 306.3 mlL.
Image guidance was used in 69 cases
(87.3%). A total of 66 fusions (83.5%)
were single level and 54 fusions (68.4%)
were single level without previous
surgery. There were g complications in 7
patients  (8.9%), which  included
hardware failure, pseudarthrosis, deep
vein thrombosis, pulmonary embolisms,
epidural  hematoma, and  wound
infections. No complications were caused
by misplaced screws. Mean follow-up
was 13.2 months. No conclusions were
made about functional or radiographic
outcomes, because of the lack of a mini-
mum follow-up for all patients (12
months).

Khanna et al.®* presented the
retrospective results of a multicenter study
describing preliminary complications and
treatment results of CBT fixation. Of the
138 patients identified, 61% were treated
for degenerative spondylolisthesis at 167
levels, most commonly at Lg-5 (62%).
Mean total operative time was 135 minutes,
with an average of 236 mL of blood loss.
Mean total postoperative length of hospital
stays was 2.6 days, with 25% of the patients
being discharged on the same day or within
23 hours of surgery. The total perioperative
complication rate in 138 patients was 10.1%
(14/138), with 3 related reoperations. Intra-
operative complications included 5 in-
stances (3.6%) of incidental durotomy,
without any progression to persistent ce-
rebrospinal fluid leaks. Nine postoperative
complications (6.5%) occurred; none was
directly related to the technique. Three
reoperations (2.2%) were performed, 1 for
revision of an Lg vertebral body fracture,
and 2 for wound debridement. No instances
of postoperative radiculitis or neurologic
injury were observed.

Hung et al.®3 found no differences
compared with conventional PT fixations
with respect to short-term clinical out-
comes but reported less multifidus muscle
damage in a series of 32 patients. In a
prospective series by Dabbous et al.® with
25 patients, results were compared with
previous studies reported on PT fixation,
finding shorter operative time and
quicker discharges but preserving the
same safety and efficacy. Other
comparative studies confirmed the same
efficacy of CBT against PT fusions, with
a limited trend of better outcomes in the
short-term.**"  Furthermore, a larger

comparative study by Sakaura et al.”* (g5
patients who underwent CBT fixation
and PLIF vs. 82 PT-PLIF) showed that
PLIF with CBT screw fixation for degen-
erative spondylolisthesis provided compa-
rable improvement of clinical symptoms
with PLIF using traditional PT fixation.
Takenaka et al.” compared 42 patients
who underwent CBT-PLIF and 77 who
underwent conventional PT-PLIF. These
procedures were comparable in terms of
clinical outcomes and fusion rates, but
CBT-PLIF showed additional benefits in
terms of less blood loss, less intra-
operative muscle damage, less periopera-
tive pain, and earlier recovery of normal
activities.

In 2018, Lee et al.*® reported the 2-year
follow-up of their prospective randomized
study reported in 2015. The results
confirmed no significant differences in
both groups within 2 years postoperatively
considering clinical outcomes, radiologic
outcomes, and related complications.”*
Sakaura et al.®> reported the results of a
comparison of surgical outcomes in the
treatment of 2-level degenerative spondy-
lolisthesis between CBT and PT fusion.
CBT procedures proved to be a valid
alternative for fusion, with comparable
rates of bony fusion and clinical outcomes
considering PT fixations, with shorter
significant operative durations and less
blood loss, although in this case, the dif-
ferences were not significant.

Our group presented in 2018 the largest
available single-center experience study
regarding CBT for circumferential
arthrodesis.”® In a retrospective cohort
study, a total of 101 patients who
underwent ~ CBT  arthrodesis for
degenerative lumbosacral disease were
reviewed (Figures 3 and 4). Mean
procedural time was 187 minutes. Mean
operative blood loss and X-ray dose per
procedure was 383 mL and 1.60 mg/cm?,
respectively. Mean hospital stay was 3.47
days. Mean follow-up was 18.23 months.
Mean lordosis increment at the treated
level was 4.2°. When follow-up was longer
than 12 months (53% of patients), fusion
was obtained in 94% of cases. Mean
Oswestry Disability Index and visual
analog scale index improved with statisti-
cal significance. The results highlighted
the safety and efficacy of this technique.

Concerning muscular damage, our
group also provided evidence, through a
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Table 2. Cortical Bone Trajectory Literature About Surgical Technique

prospective study comparing CBT fusion
with the traditional open technique, that

Study Evidence Study Evidence radiologic muscular damage (evaluated
Number Reference Rate Number Reference Rate with the multifidus cross-sectional area
and the T2 multifidus/psoas ratio) was
1 Santoni et al., 2009’ 2 30 Senoglu et al., 2017% 4 reduced, as well as surgical morbidity
2 Perez-Orribo et al., 2 31 Matsukawa et al., 2017 4 (blood loss). However, no substantial dif-
2013" ferences were noticed in clinical and
3 Mobbs et al, 2013 N/A 2 Kaye et al, 20177 23 radiologic outcomes with PT fusion.”
Lee et al. described in a retrospective
4 Matsukawaswet al., N/A 33 Karsy et al., 2017 study the comparison between CBT and
A conventional PT technique in the
5 Ueno et al., 2013% 4 34 Delgado-Fernandez et al., 2/3 treatment of proximal adjacent segment
20177 disease. The CBT technique was shown
6 Rodriguez et al., 3 35 Phan et al., 20172 2/3 again to be a valid alternative for lumbar
2014% fusion. Fusion at 1 year postoperatively
7 Matsukawa et al., N/A 36 Cheng et al., 2018% 2 was acl?ieved'by 90% and 91% of.patients,
20143 respectively, in PT and CBT fixations (P >
- o - = 0.99). Patient satisfaction at 1 month after
8 Iwatsuki et al., 2014 3 37 Sellin et al., 2018 3 surgery (p = 0.03) and pain intensity
9 Takata et al., 2014 3 38 Chen et al., 2018 3 within 1 month after surgery (P = 0.04)
10 Song et al., 2014% 3 39 Cofano et al., 2019% 23 were significantly better in the CBT group
11 Ueno et al,, 2015 4 40 Bohl et al,, 2018" N/A :;:;gfft;l ‘gig; dpfc')s fevgvzzdlgimsgzagﬁ;
12 Pacione et al., 2015°  N/A M Goel et al., 2018'% N/A less, operation time and length of hospital
13 Gautschi et al., N/A 42 Asamoto et al., 2018" 3 stay were remarkably shorter, and the
2015% incision was notably smaller in the CBT
1 Matsukawa et al., ) 13 Gao et al, 2018% 9 group. Clinical parameters and outcomes
2015' were similar.
B = Other comparative studies contributed
15 Phan et al., 2015 2/3 44 Xuan et al., 2018 2 to proving comparable results between
16 Cheng et al., 20157 2 45 Miyakoshi et al., 2018 N/A CBT fusion and other classic minimally
17 Matsukawa et al., 4 16 Kaito et al., 2018% 4 invasive surgery (MIS) techniques such as
2015 microendoscopic laminotomy,”® MIS—
18 Zhang et al, 2016° 4 I Ashayeri et al,, 2018% 3 posterolateral fusion (PLF), or MIS—
transforaminal lumbar interbody fusion
19 Cheng et al., 2016 2 48 Le et al., 2018% 3 (TLIF) with Wiltse/percutanoeus
20 Matsukawa et al., 3 49 Rexiti et al., 2018® 2 approach.””” In the study by Elmekaty
2016 et al.,””° CBT-TLIF fusions showed a
2 Orita et al., 2016 2 50 Kim et al., 20187 N/A co.nsiderable shorter surgery duration (111
minutes), less bleeding (112.5 mL), and
22 Goldsteingt al., 4 51 Kim et al., 2018"" N/A lower values of C-reactive protein and
2016 creatine kinase than the other 2 tech-
23 Mullin et al., 2016 N/A 52 Mendenhall et al., 2019°' 3 niques. There was no significant differ-
2% Xuan et al., 2016 4 53 Grigoryan et al.,, 2019”" 2 ence in the overall function outcome of the
% = 3 groups. CBT-TLIF fusions provided a
25 Sakaura et al., 2016 4 54 Wang et al., 2019 N/A . . R
greater increase in the lumbar lordosis
26 Sheng et al., 2016%° 4 55 Zhang et al., 2019° 2/3 ang]e and in the Segmental disc angle‘
27 Tortolani et al., 2/3 56 Penner et al., 20197 3 CBT and MIS-TLIF resulted in a significant
2016'1° increase in the middle disc height
28 Ashayeri et al., N/A 57 Marengo et al., 2019’2 3 compared V,Vlth MIS-PLF. The fusion rate
2016°2 was 100% in CBT and MIS-TLIF groups
B and 9o% in the MIS-PLF group. Screw
= e el b loosening occurred in 10% of the MIS-PLF
N/A. not available. cases, 7.14% of the MIS-TLIF cases, and
4.76% of the CBT-TLIF cases.
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Table 3. Cortical Bone Trajectory Clinical Studies

Study Evidence  Study Evidence
Number Reference Rate Number Reference Rate
1 Rodriguez et al., 2014% 3 22 Feng et al, 2017'% (ongoing 1
trial)
2 Mizuno et al., 2014’ 3 23 Chin et al., 2017% 3
3 Glennie et al., 20157 3 24 Lee et al., 2018* 2
4 Kasukawa et al., 2015” 3 25 Sakaura et al., 2018% 3
5 Phan et al., 2015" 2/3 26 Hussain et al., 2018”" 3
6 Ohkawa et al., 2015’ 3 27 Phan et al., 2018% N/A
7 Lee et al., 2015%° 2 28 Marengo et al., 2018% 4
8 Snyder et al., 2016°' 4 29 Marengo et al., 2018% 2
9 Khanna et al., 2016% 4 30 Shi et al., 2018'"' 3
10 Hung et al., 2016% 3 31 Lee et al., 2018% 3
1 Patel et al., 2016”° 3 32 Hayashi et al., 2018%° 2
12 Dabbous et al., 2016* 2 33 Waochna et al., 2018'% 3
13 Chen et al., 2016%° 2 34 Elmekaty et al., 2018"% 3
14 Sakaura et al., 2016% 3 35 Huang et al., 2018"" 3
15 Bielecki et al., 2016 3 36 Kotheeranurak et al., 2018'"2  N/A
16 Mori et al., 2016”7 3 37 Dayani et al., 2018'% 2
17 Takenaka et al., 2017% 3 38 Sakaura et al., 2018'" 3
18 Keorochana et al., 2017% 2 39 Chen et al., 2018'% 4
19 Bruzzo et al., 2017%° 3 40 Tschugg et al., 2018'" 1
(ongoing trial)
20 Delgado-Fernandez et al.,  2/3 I Hoffman et al., 2019 3
20177
21 Phan et al., 20177 2/3 42 Wang et al., 2019'% 2
N/A, not available.

Recently, other investigators have
exploited little known applications of the
technique. Shi et al.”®* investigated the
efficacy of CBT fixations in the treatment
of elderly patients with lumbar
tuberculosis, with comparable results to
PT screws. Wochna et al."”* reported a
retrospective  study  analyzing  the
differences in  the treatment of
thoracolumbar fractures with CBT against
the PT technique, finding noninferior
results in terms of clinical and radiologic
outcomes.

Recent studies have continued to
confirm satisfactory outcomes in clinical,
technical, and radiologic results.””**** In
June 2019, Wang et al."® reported a
systematic review and meta-analysis

comparing the clinical efficacy and safety
of CBT and PT technique. These in-
vestigators found that both achieve similar
fusion and revision surgery rates. CBT was
superior, with lower incidence of compli-
cations, shorter operation time, less blood
loss, shorter incision length, and shorter
hospital stay. Given these results, the need
for high-quality randomized controlled
trials seems to emerge to better clarify the
effectiveness of the CBT technique against
traditional open fixation with pedicle
screws. Two trials investigating the com-
parison of CBT versus PT technique are
ongoing. Feng et al.*® will evaluate
patients until 24 months postoperatively.
A total of 254 participants with lumbar
disc degenerative disease who are

candidates for TLIF surgery will be
randomly allocated to either the CBT-
TLIF group or the PT-TLIF group at a ra-
tio of 1:1. The primary clinical outcome
measures will be the incidence of adjacent
cranial facet joint violation, fusion rate,
and the screw loosening rate. Secondary
clinical outcome measures will be the vi-
sual analog scale for back and leg pain,
Oswestry Disability Index, operative time,
intraoperative blood loss, and complica-
tions. These parameters will be evaluated
on a regular follow-up at day 3, and at 1, 3,
6, 12, and 24 months postoperatively.
Tschugg et al.”*” will evaluate a total of 154
adults allocated in a ratio of 1:1 in a single-
center randomize, controlled parallel-
group superiority trial. The primary
outcome parameter is the Oswestry
Disability Index up to 5 years after surgery.
Secondary outcome parameters are the
EuroQoL s5-Dimension questionnaire, the
Beck Depression Inventory, the painDE-
TECT questionnaire, and the timed-up-
and-go test, together with radiologic and
health economic outcomes.

These trials (level 1) will certainly help
to strengthen the mounting evidence of
the medium-quality studies (level 2—3),
suggesting that the CBT technique con-
stitutes a safe and viable alternative in
respect to traditional open PT arthrodesis,
with a limited trend of reduced surgical
morbidity.

Limits of Evidence and Disadvantages of
the Technique
CBT seems to represent a valid alternative
to traditional PT fixations but an effective
number of prospective series with long-
term follow-up is lacking. Selection bias
in retrospective studies could have inter-
fered with clinical results. The necessary
learning curve to face a different entry
point and trajectory is not well quantified,
because many surgeons have tended to
exclude from this technique patients with
advanced degeneration of the anatomy of
the lumbar spine; however, the progres-
sive spread of CBT and the use of tech-
nological tools such as navigation or 3D
printed guides is progressively overcoming
this issue, % 097273:90:97:105

S1 screwing with CBT is still an open
topic, although the first reported case se-
ries with medium-term  follow-up
involving sacral fixation showed encour-
aging clinical and radiologic results.””

20 WWW.SCIENCEDIRECT.cOM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2019.10.079


www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.10.079

FABIOD COFANDO ET AL.

LITERATURE REVIEW

CBT SCREWS IN SPINE SURGERY: A QUALITATIVE REVIEW

Although thoracic CBT fixation has been 3. Santoni BG, Hynes RA, McGilvray KC, et al. trajectory: what is the ideal screw size for optimal
described, no real clinical or radlologlc Cortical bpne trajectory for lumbar pedicle fixation? Acta Neurochir (Wien). 2016;158:465-471.

d PT hni h b screws. Spine J. 2009;9:366-373.

a Vanta%ess over tec mq_ue %Ve een ) 17. Sansur CA, Caffes NM, Ibrahimi DM, et al.
shown.”*™ In the thoracic spine, the 4. Ueno M, Sakai R, Tanaka K, etal. Should we use Biomechanical fixation properties of cortical
isthmic entry point is very close to the cortical bone screws for cortical bone trajectory? versus transpedicular screws in the osteoporotic
traditional one, and usually, fixations J Neurosurg Spine. 2015;22:416-421. lumbar spine: an in vitro human cadaveric
. ’ X ’ K model. ] Neurosurg Spine. 2016;25:467-476.
involve more than a single level. This 5. Oshino H, Sakakibara T, Inaba T, Yoshikawa T, ’
situation probably decreases or nullifies gjm T, Kz”‘l‘é' Abi"‘,“eiha“gflt?ompaé‘”r;,bf’ 18. Li HM, Zhang RJ, Gao H, et al. Biomechanical
. een cortical bone trajectory fixation and pedicle fxati ies of th tical bone traject
the advantages of a reduced mediolateral . xation properties of the cortical bone trajectory
8 . screw fixation. ] Orthop Surg Res. 2015;10:125. in the osteoporotic lumbar spine. World Neuro-
exposure and of muscular preservation. surg. 20185110:€717-€727.
For the same reason, clinical studies 6. Bfllthl Da, IPT“ﬂd AA, Lullo Bi et ;1- EdffeFt Of

ERT . .. physiological loads on cortical and traditiona .

; ; . . . Matsuk K, Yato Y, Imabayashi H,
hlgbhghnr.lg the lo.wer. incidence  of pedicle screw fixation. Spine (Phila Pa 1976). 2014; 9 H(?sj)u;an‘:aN i\sazui"tz T Nemrzsoal);asf;iome-
perioperative complications and the 39:E1297-E1302. 8 o o o
1 burd £ . h ital chanical evaluation of cross trajectory technique
ower burden of postoperative hospita . . for pedicle screw insertion: combined use of

tav in lumb . I 7. Wray S, Mimran R, Vadapalli S, Shetye SS, ditional trai f ical b .

Stay 1n um ar spine surgery are usually McGilvray KC, Puttlitz CM. Pedicle screw place- trahmona trajectory and cortical bone trajectory.
based on single-level or double-level fixa- ment in the lumbar spine: effect of trajectory and Orthop Sutg. 2015;7:317-323.
tions.?*®7 For >2-level fixations, no suffi- screw design on acute biomechanical purchase. . .

R d i h thesi b J Neurosurg Spine. 2015;22:503-510. 20. Sakaura H, lele T, Yamashita T, Kuroda' Y,
clent data exist to hypothesize better Ohwada T. Fixation strength of caudal pedicle
perioperative outcomes. 8. Matsukawa K, Yato Y, Hynes RA, et al. Com- screws after posterior 'Iumbar inte‘rbody fusion

A contraindication seems to emerge for parison of pedicle screw fixation strength among with the mf)dlﬁefi cortical bone trajectory screw
isthmic spondylolisthesis, and few data different transpedicular trajectories: a finite method. Asian Spine J. 2016;10:639-64s.
Y ) K element study. Clin Spine Surg. 2017;30:301-307.
support the use of CBT for open reduction 21. Grigoryan G, Inceoglu S, Danisa OA, Cheng W.
of  fractures in traumatic spine 9. Kojima K, Asamoto S, Kobayashi Y, Ishikawa M, Sacral enldplate penetra?ing'screw for‘ lumbosa-
surgery 24,25,102 Fukui Y. Cortical bone trajectory and traditional cral fixation: a cadaveric biomechanical study.
N . . . trajectory-a radiological evaluation of screw- Oper Neurosurg (Hagerstown). 2019;17:396-402.
Studies about biomechanics, Surglcal bone contact. Acta Neurochir (Wien). 2015;157: )
technique, and clinical outcomes are 1173-1178. 22. Cheng WK, Inceoglu S. Cortical and standard
summarized in Tables 1-3. trajectory pedicle screw fixation techniques in
10. Mai HT, Mitchell SM, Hashmi SZ, Jenkins TJ, stabilizing multisegment lumbar spine with low
Patel AA, Hsu WK. Differences in bone mineral grade spondylolisthesis. Int ] Spine Surg. 2015;9:46.
density of fixation points between lumbar
cortical and traditional pedicle screws. Spine J. 23. Ninomiya K, Iwatsuki K, Ohnishi Y,
CONCLUSIONS 2016;16:835-841. Yoshimine T. Radiological evaluation of the
initial fixation between cortical bone trajectory
CBT has proved to be a safe and valuable 11. Ninomiya K, Iwatsuki K, Ohnishi Y, Ohkawa T, and conventional pedicle screw technique for
option for screw fixation in spine surgery. YOShlm‘}Ie t}? leiar zotne fogmatl‘i“ 3“’“;‘1 lumbar degenerative spondylolisthesis. Asian

5 . g screws in the early postoperative stages after Spine J. 2016;10:251-257.
lee.n the qenser bope lntercep.ted, hlgh— posterior lumbar fusion using the cortical bone
quahty biomechanical studies have trajectory technique. Asian Spine J. 2015;9:884-888. 24. Matsukawa K, Yato Y, Imabayashi H,
shown equal or even better properties Hosogane N, Asazuma T, Chiba K. Biomechan-

d . . P p 12. Perez-Orribo L, Kalb S, Reyes PM, Chang SW, ical 5 I N £ lumb dicl .
compared with PT fixation dependmg on Crawford NR. Bi hani £ lumb dical ical evaluation of lumbar pedicle screws in
. rawlor - blomechanics ol fumbar cortica spondylolytic vertebrae: comparison of fixation
several factors such as screw size and screw-rod fixation versus pedicle screw-rod fix- strength between the traditional trajectory and a
length. Surgical techniques have improved atiqn with and without interbody support. Spine cortical bone trajectory. ] Neurosurg Spine. 2016;
to gain a longer and safer trajectory than (Phila Pa 1976). 2013;38:035-641. 24:910-915.
first described. Moreover, level 2 and i

.. . ’ .. 3 13. Matsukawa K, Yato ¥, Kato T,'Imabayas}.n H 25. Ninomiya K, Iwatsuki K, Ohnishi YI, Ohkawa T,
clinical studies suggest equal clinical and Asazu.ma T Nemoto. K. In. Vive an.alySls‘Of Yoshimine T. Significance of the pars inter-
radiologic outcomes with a lower inci- mnser tional forque during p ed}cle screwing usmg articularis in the cortical bone trajectory screw

I A o cortical bone trajectory technique. Spine (Phila Pa . P .
dence of perioperative comphcatlons 1976). 2014;39:E240-E245 technique: an in vivo insertional torque study.
- . R : 339 : Asian Spine J. 2016;10:901-906.
compared with PT fixation, but high- sian Spine J. 2016510:901-90
: : . Matsukawa K, Yato Y, Imabayashi H

uality, level 1, randomized controlled 4 ' ' yast i i
q. ty, ’ Hosogane N, Asazuma T, Nemoto K. Biome- 26. Matsukawa K,‘Abe Y, Yanai Y, Yato Y. Rgglonal
trials are needed to confirm these results. chanical evaluation of the fixation strength of Hounsﬁel'd unit measurement of screw trajectory

lumbar pedicle screws using cortical bone tra- for 'prlecgctmg Pedlcle screw ﬁxatl'on ulsmg

jectory: a finite element study. ] Neurosurg Spine. cortical bone trajectory: a retrospective cohort
REFERENCES e study. Acta Neutochir (Wien). 2018;160:405-411

2015;23:471-478. Y- . i100:405-411.

1. Liberati A, Altman DG, Tetzlaff J, et al. The ) . 5 X

PRISMA statement for reporting systematic re- 15. Matsukawa K, Taguchi E, Yato Y, et al. Evalua- 27. Akpolat YT, Inceoglu S, Kinne N, Hunt D,

views and meta-analyses of studies that evaluate tion of the fixation strength of pedicle screws Cheng WK. Fatigue Performance Of Cortical

healthcare interventions: explanation and elabo- using cortical bone trajectory: what is the ideal Bone Trajectory Screw Compared With Standard

ration. BM]. 20005339:b2700. trajectory for optimal fixation? Spine (Phila Pa Trajectory Pedicle Screw. Spine (Phila Pa 1976).
' 1976). 2015;40:E873-E878. 2016;41:E335-E341.

16. Matsukawa K, Yato Y, Imabayashi H, 28. Delgado-Fernandez J, Garcia-Pallero MA,

2. Wright JG, Swiontkowski , Heckman JD. osogane N, Abe Y, Asazuma T. Biomechanica asco G, Pulido-Rivas P, Sola RG. Review o

Wright JG, Swiontkowski MF, Heck D H N, Abe Y, A T. Bi hanical Bl G, DPulido-Ri P, Sola RG. Revi f
Introducing levels of evidence to the journal. evaluation of fixation strength among different cortical bone trajectory: evidence of a new tech-
J Bone Joint Surg Am. 2003;85-A:1-3. sizes of pedicle screws using the cortical bone nique. Asian Spine J. 2017;11:817-831.

WORLD NEUROSURGERY 134: 14-24, Fesruary 2020 WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY 21


http://refhub.elsevier.com/S1878-8750(19)32697-X/sref1
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref1
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref1
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref1
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref1
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref2
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref2
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref2
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref3
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref3
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref3
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref4
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref4
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref4
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref5
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref5
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref5
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref5
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref6
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref6
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref6
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref6
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref7
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref7
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref7
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref7
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref7
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref8
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref8
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref8
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref8
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref9
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref9
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref9
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref9
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref9
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref10
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref10
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref10
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref10
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref10
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref11
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref11
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref11
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref11
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref11
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref12
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref12
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref12
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref12
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref12
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref13
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref13
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref13
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref13
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref13
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref14
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref14
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref14
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref14
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref14
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref14
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref15
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref15
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref15
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref15
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref15
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref16
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref16
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref16
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref16
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref16
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref16
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref17
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref17
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref17
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref17
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref17
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref18
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref18
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref18
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref18
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref19
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref19
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref19
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref19
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref19
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref19
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref20
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref20
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref20
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref20
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref20
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref21
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref21
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref21
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref21
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref22
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref22
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref22
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref22
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref22
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref22
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref23
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref23
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref23
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref23
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref23
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref23
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref24
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref25
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref25
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref25
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref25
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref25
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref26
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref26
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref26
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref26
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref26
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref27
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref28
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref28
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref28
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref28
www.journals.elsevier.com/world-neurosurgery

FABIOD COFANDO ET AL.

LITERATURE REVIEW

CBT SCREWS IN SPINE SURGERY: A QUALITATIVE REVIEW

29.

30.

31.

32.

33.

34.

35

36.

37-

38.

39-

40.

41.

Phan K, Ramachandran V, Tran TM, et al. Sys-
tematic review of cortical bone trajectory versus
pedicle screw techniques for lumbosacral spine
fusion. J Spine Surg. 2017;3:679-688.

Mobbs RJ. The "medio-latero-superior trajectory
technique": an alternative cortical trajectory for
pedicle fixation. Orthop Surg. 2013;5:56-59.

Matsukawa K, Yato Y, Nemoto O, Imabayashi H,
Asazuma T, Nemoto K. Morphometric mea-
surement of cortical bone trajectory for lumbar
pedicle screw insertion using computed tomog-
raphy. ] Spinal Disord Tech. 2013;26:E248-E253.

Ueno M, Imura T, Inoue G, Takaso M. Posterior
corrective fusion using a double-trajectory tech-
nique (cortical bone trajectory combined with
traditional trajectory) for degenerative lumbar
scoliosis with osteoporosis: technical note.
J Neurosurg Spine. 2013;19:600-607.

Rodriguez A, Neal MT, Liu A, Somasundaram A,
Hsu W, Branch CL Jr. Novel placement of cortical
bone trajectory screws in previously instru-
mented pedicles for adjacent-segment lumbar
disease using CT image-guided navigation. Neu-
rosurg Focus. 2014;36:Eg.

Matsukawa K, Yato Y, Kato T, Imabayashi H,
Asazuma T, Nemoto K. Cortical bone trajectory
for lumbosacral fixation: penetrating S-1 end-
plate screw technique: technical note. ] Neurosurg
Spine. 2014;21:203-209.

Zhang H, Ajiboye RM, Shamie AN, Wu Q,
Chen Q, Chen W. Morphometric measurement
of the lumbosacral spine for minimally invasive
cortical bone trajectory implant using computed
tomography. Eur Spine J. 2016;25:870-876.

Iwatsuki K, Yoshimine T, Ohnishi Y,
Ninomiya K, Ohkawa T. Isthmus-guided cortical
bone trajectory for pedicle screw insertion. Orthop
Surg. 2014;6:244-248.

Takata Y, Matsuura T, Higashino K, et al. Hybrid
technique of cortical bone trajectory and pedicle
screwing for minimally invasive spine recon-
struction surgery: a technical note. ] Med Invest.
2014;61:388-392.

Song T, Hsu WK, Ye T. Lumbar pedicle cortical
bone trajectory screw. Chin Med ] (Engl). 2014;127:
3808-3813.

Pacione D, Kim I, Wilson TA, Frempong-
Boadu A. Cortical screw trajectory for instru-
mentation and fusion in the setting of osteo-
pathic  compression fracture allows for
percutaneous kyphoplasty for adjacent level
compression fractures. ] Clin Neurosci. 2015;22:

899-904.

Cheng WK, Akpolat YT, Inceoglu S, Patel S,
Danisa OA. Pars and pedicle fracture and screw
loosening associated with cortical bone trajec-
tory: a case series and proposed mechanism
through a cadaveric study. Spine ]. 2016;16:

e59-€05.

Bohl MA, Hlubek RJ, Kakarla UK, Chang SW.
Divergent bilateral posterior lumbar interbody
fusion with cortical screw fixation: description of
new trajectory for interbody technique from

42.

43.

45.

46.

47.

48.

49.

50.

5I.

52.

53-

midline exposure. World Neurosurg. 2018;113:
e480-e48s.

Asamoto S, Kojima K, Winking M, Jodicke A,
Ishikawa M, Ishihara S. Optimized screw tra-
jectory for lumbar cortical bone trajectory pedicle
screws based on clinical outcome: evidence fa-
voring the buttress effect theory. ] Neurol Surg A
Cent Eur Neurosurg. 2018;79:464-470.

Rexiti P, Abudurexiti T, Abuduwali N, Wang S,
Sheng W. Measurement of lumbar isthmus pa-
rameters for novel starting points for cortical
bone trajectory screws using computed radiog-
raphy. Am ] Transl Res. 2018;10:2413-2423.

. Matsukawa K, Kato T, Yato Y, et al. Incidence

and risk factors of adjacent cranial facet joint
violation following pedicle screw insertion using
cortical bone trajectory technique. Spine (Phila Pa
1976). 2016;41:E851-E856.

Gautschi OP, Garbossa D, Tessitore E, et al.
Maximal access surgery for posterior lumbar
interbody fusion with divergent, cortical bone
trajectory pedicle screws: a good option to
minimize spine access and maximize the field
for nerve decompression. ] Neurosurg Sci. 2017;61:
335-341.

Phan K, Hogan J, Maharaj M, Mobbs RJ. Cortical
bone trajectory for lumbar pedicle screw place-
ment: a review of published reports. Orthop Surg.
2015;7:213-221.

Kaye ID, Prasad SK, Vaccaro AR, Hilibrand AS.
The cortical bone trajectory for pedicle screw
insertion. JBJS Rev. 2017;5:€13.

Goldstein MJ, Bruffey J, Eastlack RK. New
minimally invasive technique for direct pars
interarticularis osteosynthesis using cortical
screws and spinous-process modular link. Spine
(Phila Pa 1976). 2016;41:E1421-E1424.

Miyakoshi N, Maekawa S, Urayama M,
Shimada Y. Utilizing a cortical bone trajectory
pedicle screw for lumbar flexion-distraction
injury. Case Rep Orthop. 2018;2018:8185051.

Mullin JP, Perlmutter B, Schmidt E, Benzel E,
Steinmetz MP. Radiographic feasibility study of
cortical bone trajectory and traditional pedicle
screw dual trajectories. ] Neurosurg Spine. 2016;25:
727-732.

Zhang RJ, Li HM, Gao H, et al. Cortical bone
trajectory screws used to save failed traditional
trajectory screws in the osteoporotic lumbar
spine and vice versa: a human cadaveric
biomechanical study [e-pub ahead of print]. ]
Neurosurg Spine. https://doi.org/10.3171/2018.12.
SPINE18970, accessed March 8, 2019.

Ashayeri K, Nasser R, Nakhla J, Yassari R. The
use of a pedicle screw-cortical screw hybrid sys-
tem for the surgical treatment of a patient with
congenital multilevel spinal non-segmentation
defect and spinal column deformity: a technical
note. Eur Spine J. 2016;25:3760-3704.

Chen CH, Huang HM, Chen DC, Wu CY,
Lee HC, Cho DY. Cortical bone trajectory screws
fixation in lumbar adjacent segment disease: a
technique note with case series. ] Clin Neurosci.
2018;48:224-228.

54-

55-

56.

57-

58.

59-

6o.

61.

62.

63.

64.

6s.

66.

Xuan J, Chen ], He H, et al. Cortical bone tra-
jectory screws placement via pedicle or pedicle
rib unit in the pediatric thoracic spine (T9-T12): a
2-dimensional multiplanar reconstruction study
using computed tomography. Medicine (Baltimore).
2017;96:€5852.

Sheng SR, Chen JX, Chen W, Xue EX, Wang XY,
Zhu QA. Cortical bone trajectory screws for the
middle-upper thorax: an anatomico-radiological
study. Medicine (Baltimore). 2016;95:e4676.

Xuan J, Zhang D, Jin HM, et al. Minimally
invasive cortical bone trajectory screws place-
ment via pedicle or pedicle rib unit in the lower
thoracic spine: a cadaveric and radiographic
study. Eur Spine J. 2016;25:4199-4207.

Matsukawa K, Yato Y, Hynes RA, et al. Cortical
bone trajectory for thoracic pedicle screws: a
technical note. Clin Spine Surg. 2017;30:E497-E504.

Sellin JN, Raskin JS, Staggers KA, Brayton A,
Briceflo V, Moreno AJ. Feasibility and safety of
using thoracic and lumbar cortical bone trajec-
tory pedicle screws in spinal constructs in chil-
dren: technical note. ] Neurosurg Pediatr. 2018;21:
190-190.

Karsy M, Jensen MR, Cole K, Guan J, Brock A,
Cole C. Thoracolumbar cortical screw placement
with interbody fusion: technique and consider-
ations. Cureus. 2017;9:€1419.

Xuan J, Xie CL, Wu Y, et al. Cortical bone tra-
jectory screw fixation in the upper and middle
thoracic spine (T1-T8): an anatomic and radio-
graphic assessment. World Neurosurg. 2018;116:
€1023-€1031.

Mendenhall S, Mobasser D, Relyea K, Jea A.
Spinal instrumentation in infants, children, and
adolescents: a review. ] Neurosurg Pediatr. 2019;23:
1-15.

Orita S, Inage K, Kubota G, Sainoh T, Sato J,
Fujimoto K. One-year prospective evaluation of
the technique of percutaneous cortical bone
trajectory spondylodesis in comparison with
percutaneous pedicle screw fixation: a pre-
liminary report with technical note. ] Neurol Surg
A Cent Eur Neurosurg. 2016;77:531-537.

Cofano F, Zenga F, Mammi M, Altieri R,
Marengo N, Ajello M. Intraoperative neurophys-
iological monitoring during spinal surgery:
technical review in open and minimally invasive
approaches. Neurosurg Rev. 2019;42:297-307.

Ashayeri K, Sahasrabudhe N, Galic V, Beric A,
Smith M. Retrospective analysis of EMG-evoked
potentials in cortical bone trajectory pedicle
screws. Clin Spine Surg. 2018;31:E391-E396.

Cheng WK, Akpolat YT, Inceoglu S, Danisa OA.
Pedicle screws with modular head vs. preas-
sembled head used in cortical bone trajectory:
can pars and pedicle fractures be prevented in
osteoporotic bone? ] Clin Neurosci. 2018;47:
304-310.

Gao H, Zhang R, Jia C, Xing T, Zhang ], Dong F.
Novel placement of cortical bone trajectory
screws in the lumbar spine: a radiographic and
cadaveric study. Clin Spine Surg. 2018;31:
E329-E336.

22

WWW.SCIENCEDIRECT.comM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WwNEU.2019.10.079


http://refhub.elsevier.com/S1878-8750(19)32697-X/sref29
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref29
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref29
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref29
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref30
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref30
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref30
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref31
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref31
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref31
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref31
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref31
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref32
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref32
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref32
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref32
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref32
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref32
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref33
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref33
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref33
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref33
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref33
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref33
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref34
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref34
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref34
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref34
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref34
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref35
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref35
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref35
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref35
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref35
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref36
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref36
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref36
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref36
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref37
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref37
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref37
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref37
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref37
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref38
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref38
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref38
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref39
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref40
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref41
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref41
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref41
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref41
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref41
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref41
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref42
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref42
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref42
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref42
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref42
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref42
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref43
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref43
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref43
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref43
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref43
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref44
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref44
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref44
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref44
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref44
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref45
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref46
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref46
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref46
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref46
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref47
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref47
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref47
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref48
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref48
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref48
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref48
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref48
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref49
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref49
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref49
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref49
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref50
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref50
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref50
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref50
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref50
https://doi.org/10.3171/2018.12.SPINE18970
https://doi.org/10.3171/2018.12.SPINE18970
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref52
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref52
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref52
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref52
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref52
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref52
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref53
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref53
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref53
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref53
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref53
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref54
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref54
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref54
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref54
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref54
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref54
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref55
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref55
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref55
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref55
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref56
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref56
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref56
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref56
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref56
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref57
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref57
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref57
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref58
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref58
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref58
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref58
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref58
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref58
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref59
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref59
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref59
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref59
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref60
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref60
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref60
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref60
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref60
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref61
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref61
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref61
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref61
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref62
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref63
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref63
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref63
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref63
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref63
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref64
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref64
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref64
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref64
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref65
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref66
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref66
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref66
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref66
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref66
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.10.079

FABIOD COFANDO ET AL.

LITERATURE REVIEW

CBT SCREWS IN SPINE SURGERY: A QUALITATIVE REVIEW

67.

68.

69.

70.

7I.

72.

73

74.

75

76.

77-

78.

79-

Senoglu M, Karadag A, Kinali B, Bozkurt B,
Middlebrooks EH, Grande AW. Cortical bone
trajectory screw for lumbar fixation: a quantita-
tive anatomic and morphometric evaluation.
World Neurosurg. 2017;103:694-701.

Le X, Tian W, Shi Z, et al. Robot-assisted versus
fluoroscopy-assisted cortical bone  trajectory
screw instrumentation in lumbar spinal surgery:
a matched-cohort comparison. World Neurosurg.
2018;120:€745-€751.

Kaito T, Matsukawa K, Abe Y, Fiechter M,
Zhu X, Fantigrossi A. Cortical pedicle screw
placement in lumbar spinal surgery with a
patient-matched targeting guide: a cadaveric
study. ] Orthop Sci. 2018;23:865-869.

Wang K, Zhang ZJ, Chen JX, Wu AM, Wang XY,
Sheng SR. Design and application of individu-
alized, 3-dimensional-printed navigation tem-
plate for placing cortical bone trajectory screws
in middle-upper thoracic spine: cadaver research
study. World Neurosurg. 2019;125:€348-€352.

Kim SB, Rhee JM, Lee GS, Lee HY, Kim T,
Won Y. Computer-assisted patient-specific pro-
totype template for thoracolumbar cortical bone
trajectory screw placement: a cadaveric study.
Tech Orthop. 2018;33:246-250.

Marengo N, Matsukawa K, Monticelli M, et al.
Cortical bone trajectory screw placement accu-
racy with a patient-matched 3D printed guide in
lumbar spinal surgery: a clinical study. World
Neurosurg. 2019;130:€98-€104.

Penner F, Marengo N, Ajello M, et al. Preopera-
tive 3D CT planning for cortical bone trajectory
screws: a retrospective radiological cohort study.
World Neurosurg. 2019;126:1468-€1474.

Mizuno M, Kuraishi K, Umeda Y, Sano T,
Tsuji M, Suzuki H. Midline lumbar fusion with
cortical bone trajectory screw. Neurol Med Chir
(Tokyo). 2014;54:716-721.

Kasukawa Y, Miyakoshi N, Hongo M,
Ishikawa Y, Kudo D, Shimada Y. Short-term re-
sults of transforaminal lumbar interbody fusion
using pedicle screw with cortical bone trajectory
compared with conventional trajectory. Asian
Spine J. 2015;9:440-448.

Ohkawa T, Iwatsuki K, Ohnishi Y, Ninomiya K,
Yoshimine T. Isthmus-guided cortical bone tra-
jectory reduces postoperative increases in serum
creatinine phosphokinase concentrations. Orthop
Surg. 2015;7:232-238.

Mori K, Nishizawa K, Nakamura A, Imai S.
Short-term clinical result of cortical bone tra-
jectory technique for the treatment of degenera-
tive lumbar spondylolisthesis with more than 1-
year follow-up. Asian Spine J. 2016;10:238-244.

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;22:972-975.

Patel SS, Cheng WK, Danisa OA. Early compli-
cations after instrumentation of the lumbar spine
using cortical bone trajectory technique. ] Clin
Neurosci. 2016;24:63-67.

8o.

81.

82.

83.

84.

8s.

86.

87.

88.

89.

90.

oI

Lee GW, Son JH, Ahn MW, Kim HJ, Yeom ]JS.
The comparison of pedicle screw and cortical
screw in posterior lumbar interbody fusion: a
prospective randomized noninferiority trial. Spine
J. 2015;15:1519-1526.

Snyder LA, Martinez-Del-Campo E, Neal MT,
Zaidi HA, Awad AW, Bina R. Lumbar spinal
fixation with cortical bone trajectory pedicle
screws in 79 patients with degenerative disease:
perioperative outcomes and complications. World
Neurosurg. 2016;88:205-213.

Khanna N, Deol G, Poulter G, Ahuja A.
Medialized, Muscle-splitting approach for pos-
terior lumbar interbody fusion: technique and
multicenter perioperative results. Spine (Phila Pa
1976). 2016;41(suppl 8):Sgo0-Sg6.

Hung CW, Wu MF, Hong RT, Weng MJ, Yu GF,
Kao CH. Comparison of multifidus muscle at-
rophy after posterior lumbar interbody fusion
with conventional and cortical bone trajectory.
Clin Neurol Neurosurg. 2010;145:41-45.

Dabbous B, Brown D, Tsitlakidis A, Arzoglou V.
Clinical outcomes during the learning curve of
MIDline Lumbar Fusion (MIDLF®) using the
cortical bone trajectory. Acta Neurochir (Wien).
2010;158:1413-1420.

Chen YR, Deb S, Pham L, Singh H. Minimally
invasive lumbar pedicle screw fixation using
cortical bone trajectory. a prospective cohort
study on postoperative pain outcomes. Cureus.
2016;8:€714.

Bielecki M, Kunert P, Prokopienko M, Nowak A,
Czernicki T, Marchel A. Midline lumbar fusion
using cortical bone trajectory screws. Preliminary
report. Wideochir Inne Tech Maloinwazyjne. 2016;11:
156-163.

Chin KR, Pencle FJR, Coombs AV, et al. Clinical
outcomes with midline cortical bone trajectory
pedicle screws versus traditional pedicle screws
in moving lumbar fusions from hospitals to
outpatient surgery centers. Clin Spine Surg. 2017;
30:E791-E797.

Keorochana G, Pairuchvej S, Trathitephun W,
Arirachakaran A, Predeeprompan P,
Kongtharvonskul J. Comparative outcomes of
cortical screw trajectory fixation and pedicle
screw fixation in lumbar spinal fusion: system-
atic review and meta-analysis. World Neurosurg.
2017;102:340-349.

Bruzzo M, Severi P, Bacigaluppi S. Midline
lumbar fusion with cortical bone trajectory as
first line treatment in a selected series of patients
with lumbar instability [e-pub ahead of print]. ]
Neurosurg ~ Sci.  https://doi.org/10.23736/S0390-
5616.17.03976-5, accessed May 11, 2017.

Phan K, Mobbs RJ. Considerations in meta-
analysis regarding complications of cortical
bone trajectory versus traditional pedicle screw
fixation. World Neurosurg. 2018;110:502-503.

Hussain I, Virk MS, Link TW, Tsiouris AJ,
Elowitz E. Posterior lumbar interbody fusion
with 3D-navigation guided cortical bone trajec-
tory screws for L4/5 degenerative spondylolis-
thesis:  1-year clinical and radiographic
outcomes. World Neurosurg. 2018;110:€504-€513.

92.

93.

94.

95-

96.

97-

98.

100.

Sakaura H, Miwa T, Yamashita T, Kuroda Y,
Ohwada T. Posterior lumbar interbody fusion
with cortical bone trajectory screw fixation versus
posterior lumbar interbody fusion using tradi-
tional pedicle screw fixation for degenerative
lumbar spondylolisthesis: a comparative study.
] Neurosurg Spine. 2016;25:591-595.

Takenaka S, Mukai Y, Tateishi K, Hosono N,
Fuji T, Kaito T. Clinical outcomes after posterior
lumbar interbody fusion: comparison of cortical
bone trajectory and conventional pedicle screw
insertion. Clin Spine Surg. 2017;30:E1411-E1418.

Lee GW, Ahn MW. Comparative study of cortical
bone trajectory-pedicle screw (cortical screw)
versus conventional pedicle screw in single-level
posterior lumbar interbody fusion: a 2-year post
hoc analysis from prospectively randomized
data. World Neurosurg. 2018;109:e194-€202.

Sakaura H, Miwa T, Yamashita T, Kuroda Y,
Ohwada TJ. Cortical bone trajectory screw fixa-
tion versus traditional pedicle screw fixation for
2-level posterior lumbar interbody fusion: com-
parison of surgical outcomes for 2-level degen-
erative lumbar spondylolisthesis. Neurosurg Spine.
2018;28:57-62.

Marengo N, Berjano P, Cofano F, et al. Cortical
bone trajectory screws for circumferential
arthrodesis in lumbar degenerative spine: clin-
ical and radiological outcomes of 101 cases. Eur
Spine J. 2018;27(suppl 2):213-221.

Marengo N, Ajello M, Pecoraro MF, et al.
Cortical bone trajectory screws in posterior
lumbar interbody fusion: minimally invasive
surgery for maximal muscle sparing—a pro-
spective comparative study with the traditional
open technique. Biomed Res Int. 2018;2018:

7424568.

Lee GW, Shin JH. Comparative study of two
surgical techniques for proximal adjacent
segment pathology after posterior lumbar inter-
body fusion with pedicle screws: fusion exten-
sion using conventional pedicle screw vs cortical
bone trajectory-pedicle screw (cortical screw).
World Neurosurg. 2018;117:€154-€1061.

. Hayashi K, Toyoda H, Terai H, et al. Comparison

of minimally invasive decompression and com-
bined minimally invasive decompression and
fusion in patients with degenerative spondylo-
listhesis with instability. J Clin Neurosci. 2018;57:

79-8s.

Elmekaty M, Kotani Y, Mehy EE, et al. Clinical
and radiological comparison between three
different minimally invasive surgical fusion
techniques for single-level lumbar isthmic and
degenerative spondylolisthesis: minimally inva-
sive surgical posterolateral fusion versus mini-
mally invasive surgical transforaminal lumbar
interbody fusion versus midline lumbar fusion.
Asian Spine J. 2018;12:870-879.

. Shi S, Ying X, Zheng Q, et al. Application of

cortical bone trajectory screws in elderly patients
with lumbar spinal tuberculosis. World Neurosurg.
2018;117:82-e89.

. Wochna JC, Marciano R, Catanescu I, Katz J,

Spalding MC, Narayan K. Cortical trajectory

WORLD NEUROSURGERY 134:

14-24, Fesruary 2020

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

23


http://refhub.elsevier.com/S1878-8750(19)32697-X/sref67
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref67
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref67
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref67
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref67
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref68
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref68
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref68
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref68
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref68
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref69
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref69
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref69
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref69
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref69
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref70
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref70
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref70
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref70
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref70
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref70
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref71
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref71
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref71
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref71
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref71
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref72
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref72
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref72
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref72
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref72
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref73
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref73
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref73
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref73
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref74
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref74
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref74
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref74
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref75
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref75
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref75
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref75
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref75
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref75
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref76
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref76
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref76
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref76
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref76
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref77
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref77
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref77
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref77
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref77
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref78
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref78
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref78
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref78
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref79
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref79
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref79
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref79
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref80
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref80
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref80
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref80
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref80
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref81
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref81
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref81
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref81
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref81
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref81
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref82
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref82
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref82
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref82
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref82
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref83
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref83
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref83
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref83
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref83
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref84
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref84
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref84
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref84
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref84
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref84
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref85
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref85
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref85
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref85
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref85
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref86
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref86
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref86
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref86
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref86
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref87
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref87
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref87
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref87
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref87
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref87
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref88
https://doi.org/10.23736/S0390-5616.17.03976-5
https://doi.org/10.23736/S0390-5616.17.03976-5
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref90
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref90
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref90
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref90
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref91
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref91
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref91
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref91
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref91
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref91
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref92
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref93
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref93
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref93
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref93
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref93
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref94
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref94
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref94
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref94
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref94
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref94
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref95
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref96
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref96
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref96
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref96
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref96
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref97
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref98
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref99
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref99
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref99
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref99
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref99
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref99
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref100
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref101
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref101
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref101
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref101
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref102
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref102
www.journals.elsevier.com/world-neurosurgery

FABIOD COFANDO ET AL.

LITERATURE REVIEW

CBT SCREWS IN SPINE SURGERY: A QUALITATIVE REVIEW

103.

104.

105.

106.

107.

pedicle screws for the fixation of traumatic
thoracolumbar fractures. Cureus. 2018;10:€2891.

Chen Y, Deb S, Jabarkheel R, Pham L, Patel M,
Singh H. Minimally invasive lumbar pedicle
screw fixation using cortical bone trajectory:
functional outcomes. Cureus. 2018;10:€3462.

Dayani F, Chen YR, Johnson E, Deb S, Wu Y,
Pham L. Minimally invasive lumbar pedicle screw
fixation using cortical bone trajectory—screw
accuracy, complications, and learning curve in
100 screw placements. ] Clin Neurosci. 2019;61:
106-111.

Wang J, He X, Sun T. Comparative clinical effi-
cacy and safety of cortical bone trajectory screw
fixation and traditional pedicle screw fixation in
posterior lumbar fusion: a systematic review and
meta-analysis. Eur Spine J. 2019;28:1678-1689.

Feng Z, Li X, Tang Q, et al. Transforaminal
lumbar interbody fusion with cortical bone tra-
jectory screws versus traditional pedicle screws
fixation: a study protocol of randomised
controlled trial. BMJ Open. 2017:€017227.

Tschugg A, Kavakebi P, Hartmann S, et al.
Clinical and radiological effect of medialized
cortical bone trajectory for lumbar pedicle screw

108.

109.

110.

III1.

I12.

fixation in patients with degenerative lumbar
spondylolisthesis: study protocol for a random-
ized controlled trial (mPACT). Trials. 2018;19:129.

Mobbs RJ. Differences in bone mineral density
between cortical bone trajectory and traditional
lumbar pedicle screws: commentary. Spine J.
2016;16:842.

Goel A. Letter to the Editor. Cortical bone tra-
jectory screw technique. ] Neurosurg Spine. 2018;
20:121-122.

Tortolani PJ, Stroh DA. Cortical bone trajectory
technique for posterior spinal instrumentation.
] Am Acad Orthop Surg. 2016;24:755-761.

Huang HM, Chen CH, Lee HC, et al. Minimal
invasive surgical technique in midline lumbar
inter-body fusion: a technique note. ] Clin Neuro-
sci. 2018;55:103-108.

Kotheeranurak V, Lin GX, Mahatthanatrakul A,
Kim JS. Endoscope-assisted anterior lumbar
interbody fusion with computed tomography-
guided, image-navigated unilateral cortical bone
trajectory screw fixation in managing adjacent
segment disease in Lg/S1: technical note. World
Neurosurg. 2019;122:469-473.

113.

114.

Sakaura H, Ohnishi A, Yamagishi A, Ohwada T.
Early fusion status after posterior lumbar inter-
body fusion with cortical bone trajectory screw
fixation: a comparison of titanium-coated poly-
etheretherketone cages and carbon poly-
etheretherketone cages. Asian Spine ]. 2019;13:
248-253.

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 traditional
pedicle screws: a case-control study. Int ] Spine
Surg. 2019;13:33-38.

Conflict of interest statement: This study was supported by
Ministero dell’Istruzione, dell'Universita e della Ricerca—
MIUR project “Dipartimenti di eccellenza 2018—2022".

Received 14 August 2019; accepted 13 October 2019

Citation: World Neurosurg. (2020) 134:14-24.
https.//doi.org/10.1016/j.wneu.2019.10.079

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2019 Elsevier Inc. All
rights reserved.

24

WWW.SCIENCEDIRECT.comM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WwNEU.2019.10.079


http://refhub.elsevier.com/S1878-8750(19)32697-X/sref102
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref102
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref103
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref103
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref103
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref103
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref104
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref105
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref105
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref105
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref105
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref105
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref106
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref106
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref106
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref106
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref106
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref107
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref107
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref107
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref107
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref107
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref107
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref108
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref108
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref108
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref108
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref109
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref109
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref109
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref110
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref110
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref110
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref111
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref111
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref111
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref111
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref112
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref113
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref114
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref114
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref114
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref114
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref114
http://refhub.elsevier.com/S1878-8750(19)32697-X/sref114
https://doi.org/10.1016/j.wneu.2019.10.079
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.10.079

	The Era of Cortical Bone Trajectory Screws in Spine Surgery: A Qualitative Review with Rating of Evidence
	Introduction
	Methods
	Biomechanics Investigations
	Surgical Technique
	Standard Technique and Morphometric Measurements
	Modified Trajectories and Different Applications
	Shifting to a New Paradigm in Surgical Trajectory

	Clinical/Radiologic Studies
	Limits of Evidence and Disadvantages of the Technique

	Conclusions
	References


