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Cortical Bone Trajectory for Lumbar Pedicle Screw
Placement: A Review of Published Reports

Kevin Phan, BSc'?, Jarred Hogan, MD"?, Monish Maharaj, MD"?, Ralph ] Mobbs, MD"*

'Neuro Spine Clinic, Suite 7a, Level 7, Prince of Wales Private Hospital, Barker Street, Randwick and *Neuro Spine Surgery Research Group
(NSURG), Sydney, New South Wales, Australia

There have been a number of developments in screw design and implantation techniques over recent years, including
proposal of an alternative trajectory for screw fixation aimed at increasing purchase of pedicle screws in higher density
bone. Cortical bone trajectory (CBT) screw insertion follows a lateral path in the transverse plane and caudocephalad
path in the sagittal plane. This technique has been advocated because it is reportedly less invasive, improves
screw—bone purchase and reduces neurovascular injury; however, these claims have not been supported by robust
clinical evidence. The available evidence was therefore reviewed to assess the relative merits of CBT and highlight
areas for further research. To this end, a search of relevant published studies reporting biomechanical, morphometric
or clinical outcomes after use of CBT screws in patients with spinal pathologies was performed via six electronic
databases.

Key words: Cortical bone trajectory; Cortical screw; Medio-lateral superior trajectory; Pedicle fixation; Pedicle screw

Introduction

edicle screw fixation has been the mainstay technique for

lumbar spine stabilization for several decades, its superior
biomechanical strength and properties surpassing alternative
forms of fixation'. Pedicle screw fixation offers multiple advan-
tages, allowing superior correction of spinal deformities, and
reduced rates of loss of fixation and non-union?®. Therefore,
this technique has been used in the treatment of a number of
lumbar disorders such as treatment of fractures, tumors and
degenerative disease and so on.

The traditional insertion pathway for pedicle screws
involves a transpedicular lateral to medial trajectory with the
initial insertion point at the junction of the transverse process
and lateral wall of the facet*”. Several complications are asso-
ciated with conventional pedicle screw fixation. Screw mis-
placement rates for pedicle fixation reportedly range from
21%—40% despite the use of navigation techniques®®. Screw
loosening and loss of surgical construct stability may occur,
particularly in patients with osteopenia or osteoporosis’. Addi-
tional drawbacks include the significant muscle dissection

required for pedicle screw insertion because of its lateral to
medial trajectory'®'! and increased risk of neurovascular
injury documented by multiple reports of incorrect placement
of pedicle screws'>".

Over recent years, there have been a number of develop-
ments in screw design and implantation techniques, including
a proposal for an alternative trajectory for screw fixation aimed
at increasing purchase of the pedicle screw in higher density
bone. Santoni et al. were the first one to report the cortical
bone trajectory (CBT), in which screws follow a lateral path in
the axial plane and caudocephalad path in the sagittal plane. In
contrast to conventional pedicle screw fixation, CBT screws do
not penetrate the vertebral body trabecular space'. Although
several morphometric and biochemical studies have supported
the use of the CBT approach>?'*2, there have been few clini-
cal studies investigating outcomes of this technique in patients
with lumbar spine pathologies®'>'*. The trajectory of the
CBT screw is demonstrated in Fig. 1. We will here review the
history, development, and biomechanical and clinical evidence
for CBT as an alternative technique for pedicle screw insertion.

Address for correspondence Ralph J Mobbs, MD, Neuro Spine Clinic, Suite 7a, Level 7, Prince of Wales Private Hospital, Barker Street, Randwick,
New South Wales, Australia 2031 Tel: 0061-2-96504766; Fax: 0061-2-96504943; Email: kphan.vc@gmail.com or ralphmobbs@hotmail.com
Disclosure: The authors declare that they have no conflict of interests regarding this review. No funds were received in support of this work.

Received 21 March 2015;accepted 2 June 2015

Orthopaedic Surgery 2015;7:213-221 « DOI: 10.1111/0s.12185


mailto:kphan.vc@gmail.com
mailto:ralphmobbs@hotmail.com

214

ORTHOPAEDIC SURGERY
VoLUME 7 - NUMBER 3 - AuGusT, 2015

© Ralph Mobbs

F)P

‘ CBT ror PEDICLE FIXATION

Fig. 1 Medio-lateral superior trajectory (MLST) for cortical bone trajectory screws. (A) Model showing the starting point for the MLST technique
(Point 1). Points 2 and 3 demonstrate the trajectories that the surgeon can use during lateral or anteroposterior radiography, respectively. (B)
Model showing the axial trajectory for an MLST screw (arrow). The screw follows a medial to lateral path, thus avoiding lateral dissection of the
paraspinal musculature. (C) Lateral radiograph showing the trajectory of an MLST screw in Ls, starting at the pars with the screw angled
towards the lateral aspect of the endplate. Note the L, pedicle screw is angled in a superior-inferior direction, the opposite of the MLST screw.

Image adapted with permission from Mobbs et al.*°. (D) Three-dimensional CT demonstrating CBT/MLST screw insertion.

Methods
A search of relevant published reports was performed via
six electronic databases; namely, Ovid Medline, PubMed,
Cochrane Central Register of Controlled Trials, Cochrane
Database of Systematic Reviews, American College of Physi-
cians Journal Club and Database of Abstracts of Review of
Effectiveness® from their dates of inception to March 2015. To
maximize the sensitivity of the search strategy, the terms: “cor-

» » «

tical bone”, “cortical bone trajectory”, “CBT”, “medial-lateral
superior trajectory”, “spine”, and “pedicle screw” were com-
bined as either key words or MeSH terms. The reference lists of
all retrieved articles were reviewed to identify additional
potentially relevant studies. Biomechanical, morphometric or
clinical studies that reported complications, technique, effi-
cacy, anatomy or animal or cadaveric studies on CBT screw
fixation for spinal pathologies were included. Full text articles
and abstracts were included in the present review; however,
editorial and commentary texts were excluded.

Results
Biomechanical and Morphometric Evidence

Since the seminal biomechanical study of Santoni et al.",
several biomechanical and morphometric studies comparing

the properties of CBT screw fixation with those of traditional
pedicle screws have been performed. Our review of published
reports identified nine relevant studies, these are summarized
in Table 1.

In 2013, Matsukawa et al. performed a morphometric
study in which they analyzed 100 CT scans of adult patients
who had undergone spinal imaging, providing the first detailed
measurements of the new cortical trajectory'. Subsequently,
Perez-Orribo et al. carried out non-destructive flexibility tests
on cadaveric lumbar spines'®. No differences in mean range of
motion or lax zone were found between CBT and traditional
pedicle screws during flexion or extension tests. However, it
was noted that CBT allowed a greater range of “stiff zone” in
axial rotation tests than did traditional pedicle screws. In
another study evaluating similar variables, Calvert et al. dem-
onstrated that CBT screws provided similar stiffness in flexion,
extension, lateral bending and axial rotation tests as traditional
pedicle screws in cases of rescue screw constructs'®. This study
provides evidence for widening the applicability of CBT screws
as an alternative to traditional pedicle screws in the repair of
failed pedicle screw constructs. A recent study also compared
the long-term stability of CBT and traditional screws following
simulated in vivo spine wear'’. Pre-fatigue and post-fatigue
were statistically equivalent for both CBT and traditional
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techniques during flexion-extension, lateral bending and axial
rotation flexibility tests. Thus, there is increasing evidence sug-
gesting that CBT achieves at least comparable stability to tra-
ditional pedicle screws.

To evaluate the fixation strength of cortical screws under
physiological loads, Baluch et al. performed a human cadaveric
study in which they inserted CBT screws on one side and
traditional pedicle screws on the contralateral side on 17 ver-
tebral levels (Ti1—Ls) and then performed quantitative CT
scans'. After cycle craniocaudal toggling under increasing
physiological loads, they demonstrated that CBT screws were
associated with improved resistance to toggle testing (184
cycles vs. 102 cycles) and resistance force (398 N vs. 300 N)
compared with traditional trajectory screws. Thus, these
researchers demonstrated that CBT screws achieved superior
stability to traditional screws. Matsukawa et al. measured the
insertional torque of CBT and traditional screws intra-
operatively in 48 patients and showed that insertional torque
of a pedicle screw strongly predicts pullout strength®**. They
also demonstrated that the insertional torque of CBT screws
was 1.71 times greater than that of the traditional technique,
suggesting an advantage for CBT screws. However, it should be
noted that this favorable difference cannot be attributed to the
cortical trajectory alone: the shorter screw length and smaller
screw diameter in CBT may also contribute to the pullout force
and screw stability, respectively. The biomechanical evidence
for CBT screws is summarized in Table 1.

Clinical Evidence

There is a lack of comprehensive and robust clinical evidence
for CBT screws; to the best of our knowledge, no systematic
review of such studies has yet been published. In our review of
published reports, we identified 10 relevant studies reporting
clinical outcomes for CBT pedicle screws, these are summa-
rized in Table 2.

In 2004, Steel et al. reported using a medio-lateral supe-
rior trajectory for CBT screw placement in 18 patients with
thoracolumbar burst fractures®. All patients were mobilized
within 10 days of surgery and had stable fusions at 6-month
follow-up. One patient reported back pain at 12-month
follow-up and was found to have non-union. As to complica-
tions, there was one case of wound infection, but no cases of
neurological deficit, delayed kyphotic deformities or instru-
ment failure. The authors concluded that the CBT approach is
safe and effective for fixation and stabilization of fractured
segments.

In 2014, Gonchar et al. reported a retrospective com-
parative study of 100 CBT and 63 traditional pedicle screw
patients who had spinal deformity, degenerative disease, osteo-
porotic vertebral collapse or trauma®. The durations of
surgery were similar in the two groups (162 min vs. 177 min,
respectively). There was significantly less blood loss in the CBT
group (177 mL vs. 334 mL) but similar improvement in Visual
Analogue Scale (VAS), Oswestry Disability Index (ODI) and
Japanese Association Back Pain Evaluation Questionnaire
(JOABPEQ) pain scores in the two groups. Most notably, there

CBT ror PEDICLE FIXATION

was one case (1%) of screw loosening in the CBT group versus
16 cases (25%) in the traditional pedicle group. Gonchar and
colleagues subsequently reported results of a prospective com-
parative study of 30 CBT versus 30 traditional pedicle screws in
patients undergoing posterior lumbar interbody fusion
surgery”. Indications included Ls—Ls spondylolisthesis. While
both screw fixation approaches significantly improved pain
scores, greater improvement was noted in the CBT group.
Screw loosening occurred more frequently in the traditional
pedicle fixation group (six cases vs. one case); additionally,
there were three cases of non-union in the pedicle group versus
none in the CBT group. Slip loss correction also occurred less
frequently in the CBT group. The authors concluded that
single level minimally invasive surgery with CBT is associated
with lower rates of screw loosening and less frequent loss of
correction and is less invasive than traditional approaches.

Iwatsuki et al. performed isthmus-guided CBT pedicle
screw fixation on eight patients®. This technique involves
using the lateral margin of the isthmus and superior margin of
the intervertebral foramen as reference points for screw inser-
tion during lateral fluoroscopy, thus solving the problem of
using a degenerated inferior articular process as a reference
point (as in the original CBT technique) or an incorrect refer-
ence point of screw insertion resulting from lateral slippage.
No complications such as dural injury, nerve root disorders or
fractures were noted. Only one screw was misplaced in patients
treated using the modified CBT technique, demonstrating
excellent accuracy of screw insertion with this approach.

Mizuno et al. reported results from a retrospective analy-
sis of 12 patients with single-level lumbar spondylolisthesis
who underwent posterior or transforaminal lumbar interbody
fusion surgery using CBT screws™. One intraoperative compli-
cation was noted, namely a cortical bone fracture at the site of
screw compression. There were no cases of surgery-related
spinal nerve injury or neurological deficits. At 20-month
follow-up of five patients, successful fusion was noted with no
failure of hardware or fracture of screw rods. No loose screws
were detected. However, four screws (8.3%) were judged to
have perforated the walls of the pedicles and vertebral bodies;
however, no nerve injury had resulted from this.

In a retrospective comparative study of 16 CBT versus 19
traditional screws in open posterior lumbar interbody fusions
for single-level lumbar spondylolisthesis, Okudaira et al. dem-
onstrated that CBT screws were associated with shorter dura-
tion of surgery (148 min vs. 184 min), less blood loss (132 g vs.
184 g), and similar pain and functional outcomes compared
with traditional screws”. No complications were noted in the
CBT group; however, there was one case of deep infection and
permanent neural damage in the traditional pedicle screw
group. Overall, CBT was less invasive, required less exposure
and resulted in faster recovery with fewer complications.

Rodriguez et al. reported outcomes of CBT screw fixa-
tion in five patients®. No postoperative complications were
observed and all patients were discharged after an average hos-
pital stay of 2.8 days. All patients reported improvements in
symptoms at follow-up visits, three reporting a reduction in
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analgesic dosage. Thus, this small study demonstrated good
clinical outcomes for CT-guided CBT pedicle screw placement.

Takata et al. reported a mean operation duration of
175.8 mins, with intraoperative blood loss ranging from 70 mL
to 200 mL in six patients with degenerative spondylolisthesis®.
No patients required blood transfusions. There were no surgi-
cal complications, with the exception of a mild infection of
unidentified origin at 6-week follow-up. After the 3-month
follow-up, the mean slippage rate decreased from 19.8% to
3.9% at.

Discussion

Previous Studies

Prior to the introduction of CBT by Santoni et al."*, several
studies had proposed alternative pedicle screw trajectories that
did not follow the anatomical axis of the pedicle. In 1976 and
1992, Roy-Camille et al. described a vertical screw insertion
trajectory that crossed the axis of the pedicle, which contacts a
greater proportion of cortical bone at its endpoint than with
traditional insertion techniques®?!. However, it was only in
2007 that Sterba and colleagues formally assessed the biome-
chanical properties of vertical straight screws, and demon-
strated that they are associated with superior stability and
pullout strength compared with conventionally angled pedicle
screw pathways™.

There have been reports of the application of cortical
trajectory for pedicle fixation in clinical practice for over 10
years®"®. The CBT approach, which was initially termed the
“medio-latero-superior trajectory” (MLST) technique (Fig. 1),
was initially used for monosegmental screw fixation of thora-
columbar burst fractures. Satisfactory outcomes were
obtained, with no cases of neurological deficit or instrumen-
tation failure. These early studies laid down the groundwork
for the development of alternative trajectories for pedicle
screws.

Recent Developments

Since its initial description in 2009, several advances and varia-
tions in the CBT approach for pedicle fixation have been
reported. In many patients with interbody fusion, the inferior
articular process cannot be used as an accurate marker for CBT
screw insertion because it has degenerated. Iwatsuki et al.
described an isthmus-guided CBT for pedicle screw inser-
tion”. This modification provides alternative markers for
accurate insertion of CBT screws and incorporates intraopera-
tive fluoroscopy imaging confirmation to avoid screw
malpositioning.

Ueno et al. recently reported a single case in which the
double-trajectory technique was used; this involves simultane-
ous insertion of both CBT and traditional pedicle screws into
the same pedicles”. The cortical screw trajectories converge,
which is expected to increase pullout strength and grip force
on the vertebral bodies.

Matsukawa et al. have extended the use of CBT screws to
sacral pedicle screw trajectories, which penetrate the S; supe-
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rior endplate through a more medial entry point than with
traditional approaches®. The insertion point is located at the
junction of the S; superior articular process and the inferior
border of the Ls inferior articular process; this technique
achieves a 141% increase in insertional torque over traditional
techniques.

The use of CT-guided navigation during placement of
CBT screws for adjacent-segment lumbar disease has recently
been described by Rodriguez et al.?®. The main advantage
offered by this novel approach is that it eliminates the need to
expose, remove or connect pre-existing hardware. Whether
this technique is suitable for multi-level lumbar fusion has not
yet been determines.

Mizuno etal. recently reported a mnovel approach
termed midline lumbar fusion that aims at simultaneously
performing microsurgical laminectomy and CBT screw fixa-
tion via a posterior midline approach?®. The advantage offered
by this approach is that both decompression and fusion can
be performed using a single access, thus avoiding the damage
that results from using multiple accesses in separate opera-
tions. These authors advocate this approach in patients with
lumbar spondylolisthesis requiring concomitant midline
decompression.

Advantages and Disadvantages

The novel CBT technique for pedicle screw fixation has several

advantages over traditional approaches.

1. The cortical trajectory is considered less invasive than the
traditional screw trajectory. The initial insertion point is
located medial on the pars interarticularis, which translates
into smaller initial incisions and less muscle dissection and
retraction. This is particularly pertinent in obese or mor-
bidly obese patients, in whom incision, exposure and access
to the surgical site is especially challenging. Perioperatively,
this advantage theoretically translates into a reduction in
intraoperative and postoperative blood loss, postoperative
pain, duration of hospitalization and an enhancement of
postoperative recovery.

2. The CBT approach may reduce injury or trauma to neuro-
vascular structures in close proximity to the pedicle. Given
that the trajectory is laterally directed in the transverse
plane and caudocephalad in the sagittal plane, the screw
follows a path away from the nerve roots, dural sac and
anterior vascular structures. Therefore, there is a reduced
risk of neurovascular damage, which means a safer profile
for insertion of CBT screws.

3. CBT may also avoid injury to the medial branch nerves,
which arise from the dorsal rami of each lumbar spinal
nerve. Normally, the medial branch nerve is susceptible to
injury by traditional pedicle screws, especially ones near the
mammillary process'*. However, in the case of CBT,
reduced risk of injury to the medial branch nerve may
translate into reduced risk of postoperative radiculitis®.

Several drawbacks and complications are associated with
the CBT approach to screw fixation. There is an increased risk
of pedicle fracture if an inappropriately sized screw diameter is
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utilized. Incorrect depth of screw penetration can also increase
the risk of upper nerve root injury®**, These potential com-
plications highlight the need for thorough comprehension of
the anatomy both pre- and intra-operatively". Failure of the
pedicle screws to line up in the sagittal plane may increase the
challenge and difficulty of rod placement. In patients with
partially or fully destructed articular joints, particularly in
those with intervertebral fusion, landmarks for CBT screw
insertion may no longer be available”. The novel isthmus-
guided CBT approach by Iwatsuki ef al. may help solve this
problem. Like other surgical approaches requiring intraopera-
tive imaging, there is potentially increased radiation exposure
in CBT procedures, particularly for operators early in their
learning curve and with longer operation times®. Hybrid CBT
approaches may also extend the surgical procedure and
increase exposure times, which may lead to increased infection
rates, blood loss and associated expenses. It must be noted that
most biomechanical and clinical studies thus far have been
heterogeneous in terms of their CBT techniques, screw size and
diameter; this should be kept in mind when planning such
procedures.

Limitations of Clinical Evidence

Overall, the currently available clinical evidence provides

promising preliminary data demonstrating that the efficacy

and safety of CBT screws is at least comparable to that of
traditional pedicle screws. However, these clinical studies are
constrained by the following limitations:

1. Because the reported studies are small, there may be lack of
adequate statistical power to detect complications associ-
ated with CBT for pedicle screw fixation.

2. The non-randomized study designs mean that potential
selection bias may undermine the reported results and
trends.

3. Because there is heterogeneity amongst the studies in terms
of CBT surgical technique, screw length and diameter, navi-
gation assistance techniques and follow-up durations, their
results may not be directly comparable.

Consequently, the data published to date are too few
and short to allow for definitive conclusions and formal
recommendations.

Several other limitations should be considered. Although
biomechanical studies suggest that CBT screws have favorable
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pull-out strength, the average screw core diameter is usually
smaller than with the traditional technique. There are insuffi-
cient data addressing the screw breakage rate and frequency of
delayed union. Additionally, because many surgeons use a free-
hand technique when inserting traditional pedicle screws, the
time-per-screw insertion is expected to be shorter than with
CBT screws, because no imaging guidance is necessary.

Indications and Contraindications

Future large prospective studies with standardized surgical
technique and outcome reporting are required to provide
robust clinical evidence for CBT pedicle fixation®"*’. Based on
current available evidence, the indications for CBT screw
insertion include: (i) posterior fixation during lumbar fusion;
(ii) decompressive laminectomy if fusion is required;
(iii) transforaminal lumbar interbody fusion requiring instru-
mentation; (iv) obese patients who would benefit from an
instrumentation approach that requires less anatomical expo-
sure; and (v) patients with osteopenia or osteoporosis who
would benefit from the increased screw-bone purchase and
stability of CBT screws. The CBT technique may be useful in
conditions such as osteogenesis imperfecta or neuromuscular
scoliosis with significant osteoporosis; however, this possibility
is yet to be supported by clinical data.

Relative contraindications for CBT pedicle screws
include: (i) longer constructs of greater than three levels or
multi-level scoliosis; and (ii) narrow or medialized pars, and
congenitally small pedicles. Absolute contraindications include
(iii) congenital pars defects and lack of cortical bone at the
pars.

Conclusions

In summary, the recently introduced CBT/MLST for pedicle
screws offers several advantages over traditional pedicle screws.
Biomechanical studies have confirmed the advantages of the
former, including improved bone-screw purchase and stability
that are at least comparable to those of traditional trajectories.
However, there is still a lack of robust clinical data for CBT in
lumbar surgery. Further clinical studies with long-term
follow-up are required to investigate the long-term outcomes
of CBT pedicle screws for stabilization in various lumbar spine
pathologies.
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