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Background: Cortical bone trajectory (CBT) screws have been recently described as a method of
lumbosacral fixation. These screws are typically inserted under fluoroscopic guidance with a medial-to-
lateral trajectory in the axial plane and a caudal-to-cephalad trajectory in the sagittal plane. In an effort to
reduce surgeon radiation exposure and improve accuracy, CBT screws may be inserted under navigation with
intraoperative cone beam computed tomography (CT). However, the accuracy of CBT screw placement
under intraoperative navigation has yet to be assessed in the literature. The purpose of the study was to
evaluate the accuracy of CBT screw placement using intraoperative cone beam CT navigation.

Methods: One hundred and thirty-four consecutive patients who underwent CBT fixation with 618 screws
under intraoperative navigation were analyzed from May 2016 through May 2018. Screws were placed by
one of three senior spine surgeons using the Medtronic O-Arm Stealth Navigation. Screw position and
accuracy were assessed on intraoperative and postoperative CT scans using 2D and 3D reconstructions with
VitreaCore software.

Results: The majority of surgeries were primary cases (73.1%). The mean age at the time of surgery was
61.5+10.0 years and the majority of patients were female (61.2%). Most patients underwent surgery for a
diagnosis of degenerative spondylolisthesis (47.8%) followed by mechanical collapse with foraminal stenosis
(22.4%). Ten violations of the vertebral cortex were noted with an average breach distance of 1.0£0.7 mm.
Three breaches were lateral (0.5%) and seven were medial (1.1%). The overall navigated screw accuracy rate
was 98.3%. The accuracy to within 1 mm of error was 99.2%. There were no intra-operative neurologic,
vascular, or visceral complications related to the placement of the CBT screws.

Conclusions: CBT screw fixation under an intraoperative cone beam CT navigated insertion technique
is safe and reliable. Despite five breaches greater than Imm, there were no complications related to the

placement of the CBT screws in this series.
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Introduction

Minimally invasive surgery (MIS) techniques have
been increasingly utilized to perform lumbar fusions.
Traditionally, pedicle screws provide the robust initial
stability required for arthrodesis constructs (1). Pedicle
screw fixation has been the gold-standard technique for
lumbar spine stabilization due to its superior biomechanical
strength compared to alternative forms of fixation.
Although pedicle screw constructs are often associated with
excellent surgical outcomes, there has been concern about
the incidence of superior articulating facet violation due to
screw proximity to the joint and the amount of soft tissue
dissection required for screw placement (2).

Over recent years, the cortical bone trajectory (CBT) was
developed as a minimally invasive screw option that aims to
improve fixation by targeting higher density cortical bone.
Unlike traditional pedicle screws that begin at the transverse
process-superior articular facet junction and progress
lateral-to-medial in the axial plane, CBT screws begin at the
superolateral aspect of the pars (Figure 1) (3). In the axial
plane, the medial to lateral trajectory allows for preservation
of lateral paraspinal muscles and their innervation, as well as
possibly decreasing the risk of neurologic injury (4).

Traditionally, CBT screws are inserted under fluoroscopic
guidance with lengths of approximately 25-30 mm. However,
in an effort to reduce surgeon fatigue, reduce surgeon
and staff radiation exposure, increase screw length, and
improve accuracy of screw placement, CBT screws may be
instrumented with intraoperative navigation. To date, there
is no study assessing the safety and efficacy of CBT screw
placement under the guidance of intraoperative cone beam
computed tomography (CT). The purpose of the current
study was to evaluate the safety and accuracy of CBT screw
placement using intraoperative CT navigation.

Methods
Study design

This retrospective study was conducted at a single,
academic medical center. All procedures were performed by
one of three fellowship-trained orthopaedic spine surgeons
(JL Gum, M Djurasovic, CH Crawford). All aspects of
this study were reviewed and approved by the university’s
institutional review board. A retrospective chart review was
performed on all patients who underwent spine surgery
with use of intraoperative cone beam CT navigation
(StealthStation®, Medtronic Sofamor Danek.; Minneapolis,
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Minnesota, USA) from the time period of May 1%, 2016 to
May 1%, 2018. All patients without post-instrumentation
axial imaging were excluded from the study. Over that
period, 134 patients underwent CBT fixation under
intraoperative navigation. In total, 618 screws were included
in the analysis. Standard demographic information (age,
gender, diagnosis), body mass index (BMI), smoking status,
presence of diabetes or steroid medication use and surgical
data was collected from the electronic medical record
system. CT scans were obtained at the same institution
using the same technique in each patient. One-millimeter-
thick, continuous, non-overlapping axial slices were
obtained, in addition to sagittal and coronal multi-planar
reconstructions. Additionally, intraoperative data, including
operative reports and technical notes, were reviewed.
Three independent fellowship-trained spine surgeons (JL
Laratta, JN Shillingford, AJ Pugely) analyzed intraoperative
fluoroscopy findings as well as CT scans to assess placement
of CBT screws. To eliminate potential bias, the independent
surgeons who reviewed the screws for accuracy were
not the surgeon-of-record on the respective cases. CT
analysis consisted of 2D and 3D reconstructions created
with VitreaCore software (Vital Images; Minnetonka,
Minnesota, USA).

Navigation-assisted surgical technique

The patient was positioned prone on a 6-post Jackson
frame with all bony prominences padded and abdomen
free from pressure. A surgical time out was performed in
accordance to World Health Organization policies. The
patient was given antibiotic prophylaxis based on weight.
The incision was localized with a spinal needle. A 5-cm
incision (for a single level procedure) was made in the
midline over the interspace. Incision was carried through
the subcutaneous tissue to the fascia, which was split
longitudinally. Subperiosteal dissection continued along the
spinous process and lamina. The subperiosteal dissection
did not extend lateral to the inferior articular process of
the cephalad vertebra. Inferior facetectomy at the caudad
level was performed intermittently based on the operative
surgeon’s preference.

A reference frame was clamped on the cephalad spinous
process with careful attention that the orientation of the
frame would not interfere with planned CBT screw start
points and trajectories. The O-arm was used to obtain an
intraoperative CT scan. The O-arm obtained images in
low-dose protocol in an effort to minimize radiation the
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Figure 1 Cortical bone trajectory (blue arrows) in the axial and sagittal planes.

patient. The images were transferred to the StealthStation.
Similar to fluoroscopic technique, the CBT screw starting
point began 1mm medial to the lateral aspect of the pars
interarticularis and 1mm inferior to the transverse process
(which projected at the 5 o’clock orientation in the left
pedicle and 7 o’clock orientation in the right pedicle). A
navigated drill was used to create the first 5 mm of the
cortical track. A navigated tap was then inserted into the
track and used to create the medial-to-lateral and inferior-
to-superior CBT. The tap was advanced until reaching the
lateral cortex of the vertebral body or superior endplate.
Care was taken to ensure that endplate integrity was
not violated. Given the cortical trajectory, screws were
tapped line-to-line to prevent iatrogenic fracture and
loss of fixation. Screws were placed under navigated
guidance and sizes were based on reverse projections on
the StealthStation. Most screws ranged from 30-40 mm in
length and 4.5-5.5 mm in diameter. The screw diameter
was determined by the surgeon based on the particular
patient’s corridor for the cortical trajectory. All screws were
uniformly pitched. Reduction screws were not utilized
in the current study. Where applicable, reduction was
performed with postural patient positioning, efficient disc
preparation, and rod reducers. In revision cases for adjacent
level pathology, CBT screws were placed in the adjacent
level and connected to the existing construct with domino
connectors.

Screw analysis

Assessment of screw placement accuracy was based on post-
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instrumentation CT scans. All scans were uploaded from
local imaging systems into the VitreaCore software. Screw
analysis was performed as originally described by Laratta and
colleagues (5). The VitreaCore software allowed for both
2D and 3D analyses of screw placement. Additionally, by
altering the CT gantry on both sagittal and axial planes, the
path of the screw could be tracked down its central axis. This
technique allowed for a 360-degree visualization around the
axis of the screw and a rigorous assessment of cortical breach.
A screw breach was defined as any part of the screw threads
crossing outside the cortex in any direction (superior, inferior,
medial, lateral). When breach was determined to be present,
the distance was measured at its greatest point. Breaches were
graded based on severity (Tuble 1).

Statistical analysis

Unadjusted univariate analysis was performed to determine
the mean differences between measurements utilizing
independent student #-test for continuous data and Chi-
squared or Fisher’s exact testing for categorical variables.
Findings were considered statistically significant when the
P value was <0.05. Analysis was conducted using IBM SPSS
Statistics version 24.

Results

Six hundred and eighteen CBT screws were analyzed in
134 patients, consisting of 82 females (61.2%) and 52 males
(38.8%). Patient characteristics are reported in Table 2.
The mean age at the time of surgery was 61.5+10.0 years,
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Table 1 Breach grading system
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Table 4 Surgical data

Variable Number of screws (%) Variable N (%)
Breach grade Levels

0 (0 mm) 608 (98.4) L1-L2 2(1.5)

1 (<1 mm) 5(0.8) L2-L3 43.0)

2 (1-3 mm) 4(0.6) Lo-L4 2 (1.5)

3 (>3 mm) 1(0.2) L2-L5 2 (1.5)

Breach direction L3-L4 20 (14.9)

None 608 (98.4) L3-L5 12 9.0)

Lateral 3(0.5) L4-S1 26 (19.4)

Medial 7(1.9) L4-L5 56 (41.8)

Inferior 0(0) L5-S1 10 (7.5)

Superior 0(0) Screw constructs
Average breach distance (mm) 1.0+0.7 4 screws 94 (70.1)

5 screws 2 (1.5)
6 screws 36 (26.9)
Table 2 Demographic information
: 7 screws 0(0)
Variable N (%)
8 screws 2(1.9)
Average age (years) 61.5£10.0
Average BMI, kg/m? 31.7+7.9
Female 82 (61.2) most common diagnoses (7able 3) included degenerative
Primary cases 98 (73.1) spondylolisthesis (47.8%), mechanical collapse with
. . o . . o
Revision cases 36 (26.9) foramlr?al stenosis (22.4 A>.), degenerative sc0119s1s (10.4%),
and adjacent segment disease (7.5%). Surgical data are
reported in 7able 4. Most screw constructs included one
Table 3 Soinal pathol level and four CBT screws (70.1%). The most commonly
able mal patholo .
P & instrumented level was L.4-L5 (41.8%).

. B 0, . . .
Diagnosis N (%) Intraoperative CT scans were available for evaluation of
HNP 6 (4.5) every CBT screw placed under navigated guidance. The mean
Degenerative scoliosis 14 (10.4) screw length and diameter was 40.0+2.6 and 5.2+0.4 mm,

) ) , respectively. The blinded clinical evaluations of screw
Degenerative spondylolisthesis 64 (47.8) R . .
placement indicated that ten violations of the cortex
Adjacent segment disease 10(7.5) occurred with an average breach distance of 1.0£0.7 mm
Mechanical collapse 30 (22.4) (Table 1). Three breaches were lateral (0.5%) and seven were
Cauda equina 4(3.0) medial (1.1%). There were five breaches (0.8%) over 1 mm
and only 1 breach over 3 mm. The overall navigated screw
Isthmic spondylolisthesis 6 (4.5)

HNP, herniated nucleus pulposus.

and mean BMI was 31.77.9 kg/m’. The mean operative
duration was 135.3£17.3 minutes. Nearly three-quarters

of patients had no history of lumbar surgery (73.1%). The
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accuracy rate was 98.3%. The accuracy to within 1 mm
of error was 99.2%. There were no significant differences
(P>0.5) in accurate versus breached screws (Table 5). There
were no intra-operative mechanical, neurologic, vascular, or
visceral complications related to the placement of the CBT
screws. A case of degenerative spondylolisthesis treated
with a midline lumbar interbody fusion with CBT screws is
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Table 5 Comparison of accurate versus breached screws
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Variable No breach Breach P value
Average age (years) 61.3+x10.1 63.3+9.9 0.629
Average BMI (kg/m?) 31.8+8.0 30.8+7.0 0.758
Female 74 (61.7) 8 (57.1) 1.000
Primary cases 86 (71.7) 12 (85.7) 0.665
Revision cases 34 (28.3) 2 (14.3)
Diagnosis 0.867

HNP 6(5.0) 0(0)

Degenerative scoliosis 14 (11.7) 0(0)

Degenerative spondylolisthesis 56 (46.7) 8 (57.1)

Adjacent segment disease 8 (6.7) 2 (14.3)

Mechanical collapse 26 (21.7) 4 (28.6)

Cauda equina 4(3.3) 0(0)

Isthmic spondylolisthesis 6 (5.0) 0(0)
Levels 0.723

L1-L2 2(1.7) 0(0)

L2-L3 2(1.7) 2(14.3)

L2-L4 2(1.7) 0 (0)

L2-L5 2(1.7) 00

L3-L4 18 (15.0) 2(14.3)

L3-L5 12 (10.0) 0 (0)

L4-S1 22 (18.3) 4 (28.6)

L4-L5 50 (41.7) 6 (42.9)

L5-S1 10 (8.3) 0 (0)
Screw constructs 0.970

4 screws 84 (70.0) 10 (71.4)

5 screws 2(1.7) 0(0)

6 screws 32 (26.7) 4 (28.6)

7 screws 0(0) 0 (0)

8 screws 2(1.5) 0(0)

BMI, body mass index; HNP, herniated nucleus pulposus.

shown in Figure 2.

Discussion

Fusion of the lumbosacral spine is commonly indicated

after failure of conservative management for a number
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of degenerative and traumatic spinal conditions (6).

CBT screws have been recently described as a method of

lumbosacral fixation with increased cortical bone purchase.

Unlike the traditional lateral-to-medial trajectory of pedicle

screws that traverse intrapedicular, cancellous bone, CBT

screws have a medial-to-lateral trajectory with an entirely
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Figure 2 Pre-operative and post-operative lateral radiographs of CBT screw fixation and midline lumbar interbody fusion for the treatment

of degenerative spondylolisthesis. Reduction of the spondylolisthesis with improvement in disc height and segmental lordosis is observed in

the post-operative image. CBT, cortical bone trajectory.

cortical course (3,4). Moreover, because CBT screws are
placed through a midline incision without dissection lateral
to the facet, there is decreased paraspinal muscle injury and
denervation, which could potentially allow for less pain,
quicker recovery, and less adjacent level disease (7,8).
There are a number of biomechanical studies that
compare the stability of CBT screws with traditional pedicle
screws. In a cadaveric study, Perez-Orribo and colleagues
reported that bilateral CBT screw-rod constructs provided
about the same stability as pedicle screw-rod constructs (9).
A follow-up cadaveric study reported that CBT screws have
superior resistance to craniocaudal toggling compared with
traditional pedicle screws (10). Unfortunately, the clinical
evidence supporting CBT screws is still rather limited (11,12).
Traditionally, CBT screws are meticulously placed under
fluoroscopic guidance due to the complex 3D anatomy of
the lumbar spine and surrounding neurologic structures.
Unfortunately, the technique of screw placement with
repeated static and live fluoroscopic images exposes both
patient and surgeon to radiation. Additionally, fluoroscopic
CBT screw placement can be time consuming and surgeon
dependent. Empirically in our practice, intraoperative
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CT navigation-guided CBT screw placement has reduced
radiation exposure to the surgeon, decreased operative time,
and improved accuracy.

To date, this is the first study to examine the safety and
accuracy of CBT screw placement with intraoperative CT
navigation. In a previous study, Le et 4/. compared robotic
and fluoroscopic guidance for CBT screw placement.
The authors reported a 13.1% and 4.7% rate of clinically
unacceptable CBT screw placement with fluoroscopy and
robotic guidance, respectively (13). In our series, 618 CBT
screws in 134 patients were evaluated in our series. The
overall accuracy rate for intraoperative CT-guided CBT
screw placement was 98.3%, and over 99.2% accuracy
within I mm. There were no significant differences between
accurate and breached screws (P>0.5). The breaches
represent a deviation from the navigated guidance plan.
It is possible that during the drilling or instrumentation
process, the reference frame was inadvertently violated
causing loss of correct trajectory. Most breaches were in the
lateral direction—which is likely a result of the surgeons
inadvertently favoring a more lateral trajectory in order to
avoid a neurologically significant medial breach. Regardless,
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there were no intra-operative mechanical, neurologic,
vascular, or visceral complications related to the placement
of the CBT screws. Similarly, other studies showed no
difference in complications with CBT screws compared to
more traditional methods of lumbar fixation (14,15).

Although the current study is retrospective in nature, it
is the first study of its kind to assess the safety and efficacy
of CBT screw placement under intraoperative navigated-
guidance. Before adopting new surgical techniques, it
is important to critically assess the application of the
technology prior to widespread usage, and the current study
provides this data. Despite being the only series assessing
the accuracy of intraoperatively-navigated CBT screws,
our study may benefit from a larger sample size gathered
over several institutions for more rigorous assessment and
improved external validity.

In conclusion, intraoperative cone beam CT navigation
for CBT screw placement is a safe and effective way to
achieve lumbar fixation with over 98-99% accuracy. There
were no complications directly related to the navigated
placement of the CBT screws in this series.
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