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Feasibility of cortical bon
e trajectory screws for
bridging fixation in revision surgery for lumbar
adjacent segment degeneration
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Abstract
Background: To investigate the feasibility of using cortical bone trajectory (CBT) screws for bridging fixation in revision surgery for
lumbar adjacent segment degeneration and to provide a reference for clinical practice.

Methods: Computed tomography scans of the lumbar spines of 36 patients in our hospital were used. Sixteen males and 20
females with an average age of 65.5±10.5years (range: 46 to 83years) were included. Three-dimensional reconstruction was
performed using computer software. Screwswith appropriate sizes were selected for the L1 to L5 vertebral segments, and traditional
pedicle screws were placed using the standard method. After completing screw placement, simulated placement of CBT screws
was performed separately. No overlap occurred between the two screws in the process of CBT screw placement, and the placement
point and direction were adjusted until screw placement completion. After all screw placement simulations were complete, according
to the contact area of the cortical bone of the screw trajectory and the screw puncture position and distance through the trajectory,
the screw placement results were categorized as excellent, good, general, and failure. Excellent and good ratings were considered
successful, while a general rating was regarded as acceptable. Then, the success rate and acceptable rate of each segment of the
lumbar spine were calculated.

Results: Three hundred and sixty screw placement simulations were performed in lumbar pedicles, and 72 CBT screws were
implanted in each vertebral body of the lumbar spine. The success rates in the L1 to L5 segments were 73.6%, 80.6%, 83.3%,
88.9%, and 77.8%, respectively, and the acceptable rates were 91.7%, 97.2%, 97.2%, 100%, and 91.7%, respectively. The overall
success rate and acceptable rate of CBT screw placement in the lumbar spine were 80.8% and 95.6%, respectively.

Conclusion: CBT screws are feasible for bridging fixation in lumbar adjacent segment degeneration revision surgery, and the
accuracy of screw placement in different lumbar vertebrae varies.

Abbreviations: 3D = three-dimensional, CBT = cortical bone trajectory, CT = computed tomography, LASD = lumbar adjacent
segment degeneration, TP = traditional pedicle, TRW = trajectory reference width.
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1. Introduction
In recent years, cortical bone trajectory (CBT) screws have
constituted a new method of posterior lumbar internal fixation.
This technique not only can be used in patients with osteoporosis
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but also has the advantages of minimal trauma, strong holding
power, and few complications.[1–6] CBT screw technology has
gradually increased in clinical applications and has achieved
satisfactory results in lumbar spondylolisthesis and degenerative
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Figure 1. (A) A plain scan with the widest lateral wall of the pedicle is first selected, and then the narrowest width in the cross-section is selected. Two parallel lines
are drawn along the pedicle axis (L and M) at lateral edge of the lateral wall and at the medial edge of the medial wall of the pedicle. The distance between lines of L
andM is the PW. Two parallel lines are drawn along the pedicle axis (l andm) at themedial edge of the lateral wall and at lateral edge of medial wall of the pedicle. The
distance between lines l and m is the SBW. (B) CBT width in L1-L4 pedicles. A plain scan with the widest lateral wall of the pedicle is selected. Straight lines are
created parallel to themid-line of the vertebral body at the medial edge of the lateral wall and the lateral edge of themedial wall of the pedicle to measure the distance
between the two lines. (C) Schematic of the TRW of the L5 pedicle. A line is drawn at the narrowest width of this plane (line EF). This line intersects themedial edge of
the lateral wall at point K. Then, the lateral ridge of the lamina is identified andmarked as point G. A line parallel to the line GK is drawn at the lateral edge of themedial
wall. Finally, the distance between two parallel lines is measured. SBW = pedicle spongy width, TRW = trajectory reference width.
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diseases.[7–9] CBT screws can be used in combination with
traditional pedicle screws. Cortical bone channel screws are used
for the upper vertebral body, pedicle screws are used for the lower
vertebral body, and pedicle screws are used on one side, while
cortical bone channel screws are used on the other side.[10–12] In
the literature, cortical bone channel screws and pedicle screws
have been reported to be inserted simultaneously in the same
pedicle to improve fixation strength.[13] In addition, CBT screws
can also be used for bridging and fixation in revision surgery for
diseases of the lumbar vertebrae adjacent to the vertebral body. In
this way, bridging and fixation can be completed without
removing the original internal fixation device, which never
simplifies the operative steps, minimizes trauma, or promotes
patients’ recovery. However, few reports on this method are
available, and the operation is difficult. What is the accuracy of
CBT screw placement for bridging fixation? Do various cones
differ? At present, related anatomical research is lacking. In this
study, we use digital technology to study the feasibility of CBT
screws in the repair and bridging fixation of lumbar vertebra-
adjacent vertebral body disease and provide a reference for
clinical application.
2. Materials and methods

This study was conducted in accordance with the Declaration of
Helsinki and approved by the institutional review board of the
920 Hospital of the joint service support force of the Chinese
people’s liberation army. The need for informed consent was
waived by the institutional review board.

2.1. General data

The computed tomography (CT) data of 36 inpatients from
December 2015 to June 2018 were obtained, including 16 males
and 20 females with an average age of 57.90±17.40years (range:
46–83years). Inclusion criteria:
(1)
 patients aged greater than 18years; and

(2)
 complete lumbar CT scan data.
2

Exclusion criteria:
(1)
 lumbar deformity or vertebral dysplasia;

(2)
 damaged vertebral structures due to fractures, infections, or

tumors; and

(3)
 a history of lumbar surgery.

2.2. Study methods

The lumbar CT scan data from 36 patients were imported into
Mimics 19.0 software for three-dimensional (3D) reconstruction
in Digital Imaging and Communications in Medicine format.
Since the height of the L1-L5 pedicles is greater than the width,
the pedicle width is the main factor limiting the diameter of a
screw. Therefore, we first measured the pedicle width (PW),
pedicle spongy width, and pedicle trajectory reference width
(TRW), as shown in Figure 1. Among these parameters, PW and
pedicle spongy width are the references for selecting the
traditional pedicle screw diameter, TRW is the main reference
for selecting the CBT screw diameter, and the CBT screw
diameter should be � TRW. Combined with the pedicle
parameters and considering the placement of both CBT screws
and traditional pedicle (TP) screws in the same pedicle, we
selected screws with appropriate diameters based on the relevant
parameters measured (Table 1).
First, TP screws were positioned in the L1 to L5 pedicles

(Fig. 2). The criteria for screw placement are described below. (1)
The vertex of the “l”-shaped ridge was chosen as the entry point
for screw placement. (2) Regarding the direction of screw
placement, the screw trajectory in the sagittal plane was close to
the upper edge of the pedicle and parallel to the endplate of the
vertebral body. The screwwas placed along the pedicle axis in the
cross section, and the depth to the anterior wall of the vertebral
body. (3) The diameter of the screw was 5.0mm in L1, 6.0mm in
L2, 6.5mm in L3, 6.5mm in L4, and 6.5mm in L5. After TP
screw placement, the TP pedicle screw parameters were
unchanged, and CBT screw placement was simulated. The
diameters of the CBT screws were 4.0mm in L1, 4.0mm in L2,



Table 1

Related parameters and diameters of the screws in simulated placements.

Lumbar Related parameters of pedicle trajectory (mm) Screw diameter (mm)

segment TRW PW TRW TP CBT

L1 4.6±1.1 7.7±1.3 4.1±1.1 5.5 4.0
L2 5.8±1.2 8.7±1.5 4.7±0.9 6.0 4.0
L3 7.2±1.1 10.1±1.2 5.8±0.9 6.5 4.5
L4 9.2±1.4 12.4±1.5 7.1±1.2 6.5 5.0
L5 15.9±1.7 6.6±1.0 6.6±1.0 6.5 5.0

CBT = Cortical bone trajectory, PW = pedicle width, TP = traditional pedicle, TRW = trajectory reference width.
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4.5mm in L3, 5.0mm in L4, and 5.0mm in L5. According to the
characteristics of the CBT screw and the position of the pedicle
screw, the direction of CBT screw placement was adjusted in the
cross section, coronal plane, and sagittal plane by using Mimics
19.0 software to avoid overlap between the two screws (Fig. 3),
and all CBT screws were successively inserted according to the
requirements (Fig. 4). In the process of screw placement, the
position of the puncture cortex, the distance of screw penetration,
and the contact area of the screw track were recorded for grading
and evaluation. Grading standard: Grade I: CBT screws are
completely wrapped by cortical bone, and the screw track passes
through at least three cortical areas (the dorsal cortex, medial wall
of the pedicle, lateral wall of the pedicle, and lateral wall of the
vertebral body); grade II: CBT screws pass through< 2mm of the
cortex, and the screw track passes through at least three cortical
areas; grade III: screws pass through ≥ 2mm and < 4mm of the
cortex, and the screw track passes through at least three cortical
areas; grade IV: the screw passes through ≥ 4mm of the cortex, or
the screw trackpasses through twoor fewer layers of cortex.Grade
I is excellent; grade II is good for penetrating the outer wall of the
pedicle or the outer wall of the cone and is acceptable for
penetrating the innerwall or the lower wall of the pedicle; grade III
is acceptable for penetrating the outer wall of the pedicle or the
outer wall of the cone but is unacceptable for penetrating the inner
wall or the lower wall of the pedicle; and grade IV corresponds to
failed screwplacement. Finally, the success rate ((excellent +good) /
total number of screws), acceptable rate ((excellent + good +
general) / total number of screws), and failure rate (failure / total
number of screws or 1 - acceptability) were calculated to evaluate
the accuracy of screw placement.
Figure 2. The criteria of the TP screw placement. (A) The screw entry point is locate
the upper edge of the pedicle and parallel to the endplate of the vertebral body. (C)
anterior wall of the vertebral body. TP = traditional pedicle.
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2.3. Statistical analysis

SPSS 22 statistical software (SPSS) was used for statistical
analysis. The Kolmogorov-Smirnov test was used to assess
whether the quantitative data conformed to a normal distribu-
tion. Quantitative data with a normal distribution are presented
as x ± s and were compared using an independent sample T test,
including the parameters of the left and right pedicles. P< .05 was
considered statistically significant.

3. Results

In this study, 360 screw placement simulations were performed in
lumbar pedicles, and 72 CBT screws were implanted in each
vertebral body of the lumbar spine. L1 pedicle screw results: 33
screws were excellent, 20 were good, 12 were general, and two
failed; the success rate of screw placement was 80.6%, the
acceptable rate was 97.2%, and the failure rate was 2.8%. L2
pedicle screw results: 44 screws were excellent, 14 were good, 12
were general, and two failed; the success rate of screw placement
was 80.6%, the acceptable rate was 97.2%, and the failure rate
was 2.8%. L3 pedicle screw results: 44 screws were excellent, 16
were good, 10 were general, and two failed; the success rate was
83.3%, the acceptable rate was 97.2%, and the failure rate was
2.8%. L4 pedicle screw results: 50 screws were excellent, 14 were
good, eight were acceptable, and 0 failed; the success rate of screw
placement was 88.9%, and the acceptable rate was 100%. L5
pedicle screw results: 38 screws were excellent, 18 were good,
10 were general, and six failed; the success rate was 77.8%,
the acceptable rate was 91.7%, and the failure rate was 8.3%.
The success rate of lumbar spine screw placement was 80.8%, the
d at the vertex point of the “l”-shaped ridge. (B) The screw trajectory is close to
The screw is placed along the pedicle axis in the cross section, and the depth to

http://www.md-journal.com


Figure 3. Placement of CBT screwswith constant pedicle screw parameters: the location of the screw locus (A-C) in the coronal position, cross section and sagittal
plane, and the location of screw placement point (D) of the two screws. Through transparence of the vertebral body, it can be judged that the two screws are not
coincident (E). CBT screws pierce the medial wall of the vertebral arch root (F).
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acceptable rate was 95.6%, and the failure rate was 4.4%
(Table 2).
4. Discussion

With the aging of the world population and the development of
the pedicle screw technique, the number of patients undergoing
lumbar fusion with internal fixation has increased rapidly
each year. Between 1994 and 2006, the National Survey of
Ambulatory Surgery revealed 5.4- and 2.6-fold increases in the
Figure 4. Schematic of the CBT screw placement. The TP screw is placed at the
farther medial-inferior site (A). The anteroposterior and lateral view of the vertebral b
The axial view shows that the CBT screw is located under the pedicle screw, and t
view shows the positional relationship of the 2 screws (E).
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number of surgeries for patients with intervertebral disc disease
and spinal stenosis, respectively, and the number of patients
requiring intervertebral fusion surgery increased by 340%.[14]

Deyo [15] analyzed the National Health Data from the online
Health Care Utilization Project and found that the number of
lumbar fusion surgeries conducted between 1996 and 2011
increased by 600%. However, spinal fusion changes the
biomechanical environment of the spine and stresses the
intervertebral disc and facet joints of adjacent segments, thereby
accelerating degeneration of adjacent segments and resulting in
vertex of the “l”-shaped ridge. The CBT screw placement site is located at the
ody (transparent mode) shows the positional relationship of the 2screws (B/C).
he tip of the CBT screw reaches the sidewall of the vertebral body (D). The top



Table 2

CBT screw placement results.

Lumbar Screw grade Screw setting results (%)

vertebra Excellent Good General Fail Sample Success Acceptable Failure

L1 33 20 13 6 72 73.60% 91.70% 8.30%
L2 44 14 12 2 72 80.60% 97.20% 2.80%
L3 44 16 10 2 72 83.30% 97.20% 2.80%
L4 50 14 8 0 72 88.90% 100% 0.00%
L5 38 18 10 6 72 77.80% 91.70% 8.30%
Total 209 82 53 16 360 80.80% 95.60% 4.40%
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secondary lumbar disc herniation, lumbar spinal stenosis, and
degenerative lumbar spondylolisthesis. This phenomenon is
called lumbar adjacent segment degeneration (LASD), and
patients with severe symptoms must be treated with revision
surgery.[7,16,17] Different studies have reported that the incidence
of LASD varies, and the incidence of LASD varies between
studies. According to imaging evidence, the prevalence of LASD
exceeds 40%, and the rate of surgical intervention ranges from
5.2% to 18.5%.[7,8] LASD repair often requires removal of the
original internal fixation device, resulting in a prolonged
operative time, intraoperative blood loss, many postoperative
complications, and increased difficulty and risks of surgery and
thus leading to substantial challenges for many surgeons.[18,19]

The advent of the CBT screw provides a new option for
fixation in LASD repair. CBT screws can be used for bridge
fixation of adjacent vertebrae to achieve revision fixation, which
reduces the technical difficulty and risk of traditional revision
surgery. In 2014, Rodriguez et al[20] used an O-arm navigation
system to complete LASD repair in five patients by placing CBT
screws in the pedicle of the fused upper vertebra without
removing the original internal fixation device. During the follow-
up of 10 to 15months, no surgical complications occurred,
symptoms were significantly improved, and interbody fusion was
achieved. Wang et al[21] also reported satisfactory results for 12
patients with lumbar spondylitis who underwent revision surgery
with CBT screws without removing the internal fixation device.
Chen et al[22] performed revision surgery on six patients with
LASD using a C-armmachine alone, and satisfactory results were
also achieved. Based on these studies, CBT screws can be used for
revision surgery in patients with LASD; however, related reports
are rare in the literature. Due to differences in the pedicle
anatomy of different segments of the lumbar spine, the same
lumbar segment displays some differences between individuals.
Can CBT screws be used for revision bridge fixation in patients
with LASD? What is the accuracy rate of lumbar revision
surgery? The use of CBT screws in bridge fixation to complete
revision surgery has been challenging in an increasing number of
patients with LASD.
Mullin et al[9] selected lumbar CT scan data from 47 patients

and divided them into two groups according to their history of
lumbar surgery. In one group, CBT screws were placed based on
the locations of the original pedicle screws. In the other group,
two types of screws were placed concurrently, and the authors
reported the feasibility of inserting two screws at the same time.
However, the results obtained from the study have very limited
value because of the nonuniform distribution of the surgically
fixated segments in the group with a surgical history, namely,
only three patients underwent original fixation in L1. In the
present study, we used digital technology to simulate CBT screw
5

placement based on TP screws and verified the feasibility of CBT
screw placement. Using this approach, we successfully solved the
problem of the “nonuniform distribution of surgically fixated
segments” in the study by Jeffrey et al.
In the present study, lumbar CT scan data from 36 patients

were used to simulate screw placement after 3D reconstruction.
According to the parameters of the pedicle, the diameter of the
selected CBT screw was 4.0 to 5.0mm, and the diameter of the
pedicle screw was 5.5 to 6.5mm. These screw sizes were not the
same as those selected in previous studies. Ueno et al[13] used CBT
screws with a diameter of 4.5mm (L1-L5: 4.5mm) and TP screws
with a diameter of 5.5 to 6.5mm (L1-L2: 5.5mm and L3-L5: 6.5
mm). Rodriguez et al[20] selected CBT screws with a diameter of
5.5mm and TP screws with a diameter of 7.0 to 7.5mm (L1, L2,
and L4: 7.0mm; L3 and L5: 7.5mm) for revision surgery.
Different screw sizes might have different effects on the success
rate and biomechanical strength. Screws that are too large might
also increase the risk of fracture of the pedicle isthmus. Thus,
further studies are needed. Based on conventional criteria, we
simulated TP screw placement and then CBT screw placement.
This study has good repeatability and had a sufficient sample size.
At the same time, the screw trajectory, the cortical bone puncture,
and the distance to the screw’s exit point can be observed
intuitively, and the result of screw placement is simple to judge.
When evaluating screw placement, we classified screw placement
according to the contact area of the CBT screw locus and the
distance between the screw and the cortex. Then, the results of
screw placement were classified as excellent, good, general, and
failure and combined with the location of the puncture path
(different surgical risks for a different area). Excellent and good
ratings were considered successful, and a general rating was
regarded as acceptable, and then the success rate and acceptable
rate of each segment of the lumbar spine were calculated. The
evaluation method fully considers the characteristics of the CBT
screw track and the safety of screw placement such that the
evaluation of screw placement results is more reasonable and
scientific. The results showed that the success rate of lumbar spine
screw placement was 80.8% (73.6% ∼ 88.9%), and the
acceptable rate was 95.6% (91.7% ∼ 100%). Some differences
in the success rate and acceptable rate of screw placement were
found in different segments of the lumbar spine. The accuracy
rate of screw placement from high to lowwas L4> L3> L2> L5
> L1, which is related to the screw size and anatomical structure
of the pedicle.
This design has some shortcomings because pedicle screws are

placed in accordance with conventional standards, but in clinical
practice, pedicle screws can be located in the upper, middle, or
lower walls of the pedicle in the sagittal position and in the outer,
middle, or inner walls of the pedicle in the coronal position. In the

http://www.md-journal.com
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latter study, we classified pedicle screws according to the different
positions of the pedicle screw in the pedicle and further improved
the accuracy of screw placement. Because the operative
technique, pedicle screw position, and individual differences in
patients affect the results of screw placement, some differences in
screw placement simulations in the software will occur. In
addition, we explored only the feasibility of using CBT screws to
bridge and fix vertebral bodies with upper and lower fixation
with respect to posterior fixation for LASD repair. In addition to
posterior fixation, the curative effect of LASD revision is also
related to interbody fusion and nerve root decompression. A
computer navigation system can be used to facilitate screw
placement in clinical practice. Based on the CBT screw channel,
we can also design a guide plate to assist with screw placement.
When conditions are not sufficient, we can reconstruct 3D images
according to patients’ initial CT data, simulate screw placement
according to the position and size of the fixed screws, and then
simulate CBT screw placement based on the pedicle screws again
to provide a reference for the operation.
5. Conclusions

In this study, CBT screws were feasible for bridging fixation in
LASD revision surgery, and the accuracy of screw placement
accuracy in different lumbar vertebrae varied. However, the
feasibility of using different pedicle screw positions requires
further exploration. In addition, further experimental research
and clinical application verification are needed.
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