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Abstract

The cortical bone trajectory (CBT) is a novel technique in lumbar fixation and
fusion. The unique caudocephalad and medial-lateral screw trajectories endow it with
excellent screw purchase for vertebral fixation via a minimally invasive method. The
combined use of CBT screws with transforaminal or posterior lumbar interbody fusion
can treat a variety of lumbar diseases, including spondylolisthesis or stenosis, and can
also be used as a remedy for revision surgery when the pedicle screw fails. CBT has
obvious advantages in terms of surgical trauma, postoperative recovery, prevention
and treatment of adjacent vertebral disease, and the surgical treatment of obese and
osteoporosis patients. However, the concept of CBT internal fixation technology
appeared relatively recently; consequently, there are few relevant clinical studies, and
the long-term clinical efficacy and related complications have not been reported.
Therefore, large sample and prospective studies are needed to further reveal the long-
term complications and fusion rate. As a supplement to the traditional pedicle trajectory
fixation technique, the CBT technique is a good choice for the treatment of lumbar
diseases with accurate screw placement and strict indications and is thus deserving of

clinical recommendation.
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Core Tip: The cortical bone trajectory (CBT) has obvious advantages in terms of surgical
trauma, postoperative recovery, prevention and treatment of adjacent vertebral disease,
and the surgical treatment of obese and osteoporosis patients. This review present the
biomechanical characteristics, the perioperative osteoporosis management of midle line

fusion (MIDLF) surgery, the clinical effect of MIDLF when comparing to other lumbar




fusion surgery, the clinical effect of MIDLF for the treatment of lumbar
spondylolisthesis, the advantages about MIDLF for spinal revision surgery, and the

computer navigation-assisted CBT technique.

INTRODUCTION

Since its first use for stabilizing the spine segment six decades agolll, pedicle screw
(PS) fixation has been widely applied and popularized due to its desirable
biomechanical properties and high fusion success rate. It is considered to be the main
surgical method for spinal fusion and fixation/*4l. The traditional trajectory for PS
insertion is from lateral to medial, which corresponds to the anatomical axis of the
pedicle and is parallel to the endplate in the vertebral body. However, to longitudinally
arrange the screws on the left and right sides with a focus on convergence, the muscles
and soft tissues must be widely retracted, which will increase muscle injury and
prolong the recovery time. Especially in patients with osteoporosis, maintaining the
stability of internal fixation is a major challenge. When PSs are embedded in cancellous
bone with low pedicle density, they can be easily loosened, removed or broken,
resulting in poor surgical effects and even complications. The fixation strategies for low
bone mass are mainly divided into (1) modifying the implant design, such as changing
the length, pitch, and thread depth or expanding the diameter of the screw, and (2)
strengthening the vertebral body with reinforcing materials, such as assisted fixation
with bone cement, to improve the structural strength of the osteoporotic bone.
However, the use of screws with larger diameters and lengths will lead to a doubling of
the risk of injury to nerves and vessels, and the use of bone cement is associated with
risks of bone cement leakage and spinal canal nerve compression, leading to more
disastrous consequences. A CT study of pedicle bone density conducted by Hirano et
all®! revealed that the pyramidal cortex of osteoporotic bone is thinner than the normal
cortex, and the bone mineral density of subcortical bone is low. Increasing the screw

diameter does not improve the stability of the screw and may even lead to extraneous




fracture of the thinned pedicle cortex. Therefore, a new internal fixation system is
urgently needed to solve this problem.

To solve the major problem of effectively fixing vertebrae with low bone mass,
based on the idea proposed by Buck and attempted by a group of surgeonsl®l, an
alternative screw trajectory was reported by Santoni ef al and gaingd increasing
attention in 2009/°.. This novel trajectory has a caudocephalad direction in the sagittal
plane and a medial-lateral path in the transverse plane (Figure 1). With this new
trajectory, the mechanical stability and pullout strength of the screws were significantly
improved by including 4 Layers of cortical bone, including the starting point, the inner
wall of the pedicle, the upper wall of the pedicle and the outer-upper wall of the
vertebral body; hence, the trajectory was called the “cortical bone trajectory (CBT)”. The
screw designed by Santoni is shorter and has a lower diameter and a tighter thread than
the traditional PS, all of which aim to maximize the thread contact with this higher
density bone surface to increase vital biomechanical parameters.

Based on the application of CBT screw fixation, Mizuno ef all1¥ first proposed the
concept of midline lumbar fusion (MIDLF) in 2014. In this original procedure, single
segment spinal canal decompression, discectomy, interbody fusion and cortical screw
fixation are all completed through a small midline incision, minimizing the injury
related to the approach and providing another choice of fusion internal fixation for the
clinical treatment of lumbar diseases. Over time, surgeons have applied CBT screws
through a middle incision to fix two or more levels, which, combined with
transforaminal lumbar interbody fusion (TLIF) or posterior lumbar interbody fusion
(PLIF), has also been defined as MIDLIFI"-3l. Although many researchers have
described techniques with names such as CBT-PLIF or CBT-TLIF, they were in fact
instances of MIDLIF[14-18],

Although MIDLF also involves separation of the paravertebral muscles along both
sides of the spinous process, unlike in traditional TLIF or PLIF, only exposure of the

inner edge of the articular process and the vertebral lamina is required, and the




relatively large distance between the screw entry point and the articular process helps

to protect the articular process joints.

Biomechanical characteristics and imaging study of the CBT technique

In 1986, Steffee et al proposed the term “force nucleus”, which refers to the focus
point of the pedicle, lateral pars, lamina, transverse process and superior articular
processl9l. This area has a high concentration of cortical bone, so it can provide a strong
screw holding force. In 2004, Li ef al found that the medial and superior pedicle isthmus
cortex (more than 2 mm) was thicker than the lateral and inferior pedicle isthmus cortex
(less than 2 mm), providing a stronger holding force for the screw than the lower and
outer walls of the pedicle%. In 2009, Santoni ef al proposed the CBT fixation technique
and first analyzed its biomechanical properties®l. The results showed that CBT screws
provide a 30% increase in uniaxial yield pullout load over traditional PSs and have
similar flexion and extension resistance to PSs. Another notable result was that the type
of CBT screw required did not depend on bone quality, which means it was suitable for
osteoporosis patients, similar tg, the findings of other studies!?'2°l. In 2014, Matsukawa
K et al first reported that the insertional torque of CBT screws is approximately 1.71
times higher than that of traditional PSsl2¢l.

Ueno M et al found that the maximum pullout strength of CBT screws in pig lumbar
vertebrae was significantly higher than that of traditional pedicle cancellous screws!7l.
Oshino H et al concluded that the intervertebral stability after CBT fixation was similar
to that after PS fixation?®]. Delgado F et al found that CBT screws exhibit greater
stiffness in cephalocaudal and medio-lateral loading, better flexion and extension
resistance and better screw-holding stability in the pullout strength than traditional PSs;
however, CBT screws were inferior in terms of lateral bending and axial rotationl29];
these findings were confirmed in recent studies!24 30-34],

Mai et al found a higher bone mineral density (BMD) for the CBT path than for the
traditional pedicle trajectory path through CT examination of the lumbar vertebrae of

180 patients?4l. Therefore, CBT screw purchase may be sufficient to stabilize the spine in




osteoporotic patients. Another radiological evaluation performed by Kojima arrived at a
similar conclusion(®l. The mean CT number (HU) for CBT was more than four times
that of the traditional pedicle trajectory. This is in keeping with previous hypotheses
that the new trajectory offers. A previous study found that among 470 adult lumbar
vertebral specimens, the CBT screw bone channels showed no significant differences in
the diameter, length, or angle with the sagittal and transverse positions of the vertebral
body; thus, the researchers concluded that the lumbar CBT screw bone cortex channel
has a stable anatomical structure and small dissection variation!®l. Perez et al found that
the strength of CBT screws in lateral bending was significantly lower than that of PSs[37
Ninomiya et al showed that the average insertion torque of the vertebral bodies of
patients with spondylolysis was significantly lower than that of the vertebral bodies of
patients without spondylolysis®8l. In addition, the authors found that the average
insertion torque of CBT screws in women over 75 years old was low and that CBT
internal fixation was not suitable for 75-year-old women with spondylolysis.
Matsukawa K performed a biomechanical study and showed that CBT is not suitable
for patients with lumbar spondylolysis, mainly due to anti-flexion stretching and poor
rotation compared with traditional PS fixation°l.

Given that CBT screws demonstrate lower lateral bending and axial rotation than
traditional PSs, new attempts at developing combination strategies have been reported.
Cornaz F et al suggested that a cross-connector could be beneficial for incEasing the
anti-lateral bending or axial rotation properties of CBT screws; however, there is no
increased necessity to use a cross-connector in a CBT construct/4?l. Matsukawa K et al
found that the combined use of traditional trajectory and CBT screws offered superior
fixation strength over the traditional trajectory and CBT techniques in each plane of
motion[4ll. Kahaer A et all®2l and Mullin JP et al#3] also found that using a combined CBT
and traditional pedicle trajectory offered superior fixation strength over that of the
individual trajectories alone. This may be because the shorter length of the original CBT
screw designed by Santoni ef al cannot provide sufficient fixation strength for the

vertebral body, whereas the intervertebral space is the main structure for bending or




rotation. Therefore, the original CBT screws not only provides less strength for anti-
lateral bending or axial rotation but also may decrease the fusion rate for the interverbal
body. This was demonstrated by Matsukawa K et al in 2 studies. In the first study
conducted in 2016, they found that the screw length within the wvertebral body
(%length) was more important than the total screw length and that the screw should be
placed sufficiently deep into the vertebral body!*l. Then, in a study conducted in 2021,
they identified that %depth > 39.2% was a predictor of bone fusion (sensitivity 90.9%,
specificity 75.0%), that is, that the depth of the screw in the vertebral body should be at
least 39.2% to achieve a stable fusion ratel5l.

CBT screw placement method

The CBT screw placement method differs from the traditional trajectory screw
internal fixation method in a number of ways. The first difference is the screw entry
point, which in the CBT is located much more medially than in the traditional
trajectory. Mobbs's study first described the nail placement path in the CBT!4¢l: after the
nail insertion point is selected inside the isthmus, holes are drilled with a 2 mm
grinding drill to establish the nail insertion channel, and the screws are inserted to point
from the tail side to the head side and finally end at the rear 1/3 of the upper endplate
to minimize the risk of isthmus fracture. However, this study did not indicate the
standard trajectory for CBT screw implanation. Matsukawa et all¥’- 8l showed that the
ideal insertion point of a CBT screw is the intersection of the vertical line passing
through the center of the superior articular process and the horizontal line 1 mm below
the lower edge of the transverse process. They found no significant difference in the
angle of insertion from L1 to L5; the head angle was 8° to 9°,_and the abduction angle
was 25° to 26°. The diameter of the screw varies according to the width and shape of the
L1-L5 pedicle and is generally smaller than that of the traditional PS. The diameter of
the screw channel is 6.2 to 8.4 mm, and the depth of the screw is 36.8 to 38.3 mm.

In conclusion, most researchers believe that the ideal starting point is at the junction
of the 1 mm horizontal line at the lower edge of the transverse process and the vertical

line in the middle of the superior articular process. The point was specifically located




projecting in the 5-0’clock orientation in the left pedicle and the 7-0’clock orientation in
the right pedicle under fluoroscopic imagingl2361. Another difference is the trajectory
path. Most researchers have concluded that the ideal screw path is at a 25° to 30°
inclination from caudal to cephalad and at an 8° to 20° inclination from medial to
laterall® 10. 49, 501 Additionally, the length of the CBT screw is 25 to 40 mm, and the
diameter is 4.0 to 7.8 mm|[44, 51-54]. The angle and path vary greatly, possibly because
of variations in the lumbar vertebrae from person to person due to, for example,
ethnicity and the degree of lumbar degeneration, which make it difficult to develop an
ideal, standardized trajectory.

Perioperative osteoporosis management of MIDLF surgery

To date, few articles have discussed the perioperative osteoporosis management of
MIDLF surgery; therefore, we will describe existing management methods combined
with our experience. For osteoporosis patients who undergo MIDLF surgery, it is very
important to avoid excessive lying in bed, as it will result in accelerated bone loss.
Based on the excellent purchase of CBT screws and the reduced tissue damage, patients
are advised to perform out-of-bed activities 48 h postoperatively and avoid standing or
sitting for long periods of time during the first monthl5®l. The thoracolumbosacral
orthosis should be worn for 6 mo postoperativelyl>l, and the patients will be able to
resume normal activities 3 mo postoperatively. Postoperative intravenous analgesia is
typically unnecessary due to the low amount of intraoperative trauma; for those
patients who do experience postoperative pain, celecoxib is sufficient. However, when
considering the poor anti-lateral bending and axial rotation properties of CBT screw
fixation, patients should avoid lumbar lateral bending and rotation, especially when
getting up from a seated or supine position. Patients are advised to wear the
thoracolumbar orthosis when lying in bed and then get up from bed. Other common
management strategies are similar to traditional lumbar fusion surgery, such as
standard anti-osteoporosis treatment, prevention of deep venous thrombosis, straight
leg lifting exercises to avoid adhesion of the nerve root in the spinal canal, incision care

and postoperative radiographic imaging examinations.




MIDLF for lumbar spondylolisthesis and comparative studies on traditional lumbar
fusion

Although MIDLF has been widely used in recent years and has achieved good
clinical efficacy in lumbar spondylolisthesis, it was initially controversial. From 2014-
2016, some of the first articles highlighted good results from this procedure, including
better safety and effectiveness, less multifidus muscle damage and blood loss, shorter
operative duration and hospital stays and less postoperative pain than traditional
pedicle trajectory surgeriesl0 1857621 Conversely, others have focused on postoperative
complications, including pseudarthrosis caudal adjacent segment failure, screw
looseningl®®, intraoperative pars fracturel®, and pedicle fracturel®5l. The contrasting
results may be related not only to the small size of the studies, the necessary learning
curve and the experience of the surgeon but also to the patient's individual factors, such

nerve and surrounding tissue adhesion and local anatomical structure variation.
%erefore, it is urgent to perform a randomized comparative study to identify the
effectiveness of MIDLIF.

The first prospective, randomized, noninferiority, comparative study between
MIDLIF and traditional lumbar fusion was published by Lee et al in 2015[%]. A total of
79 patients were enrolled and randomly assigned to the PS group or CBT group. Similar

sion rates were observed in both groups at the 6- and 12-month follow-ups.
According to the clinical outcomes, CBT provided similar improvements in pain
amelioration and functional status over traditional PSs. Additionally, CBT was superior
to PS in terms of blood loss, operative duration and incision length. The same authors
then published a consecutive study on the same group of patients at the 2-year follow-
up in 2018. The results demonstrated that there was no statistically significant
difference between the groups in terms of clinical outcomes, radiologic outcomes and
related complications!®],

Over time, some large series on MIDLIF have been published, mostly regarding

lumbar spondylolisthesis. The main purposes of these articles were to compare the




fusion rate, recovery scores such as the Japanese Orthopedic Association (JOA) score,

the visual analog scale (VAS) score and the Oswestry Disability Index (ODI) and the
incidence of adjacent segment disease (ASDs) and complications. Sakaura et al
compared 95 patients who underwent MIDLIF to 82 patients who underwent
traditional PLIF. Although there were no significant differences in the fusion rate
between them, the JOA score and incidence of symptomatic ASDs in the MIDLIF group
were significantly more favorable than those in the traditional PLIF groupl®sl. Mori et al
also found that MIDLIF exhibited a significantly lower ASD incidence than traditional
PLIF in a comparative study that enrolled 52 consecutive patients with single-level
lumbar spondylolisthesisl®?l. Other studies on MIDLIF for lumbar spondylolisthesis also
showed better results than traditional PLIF, including a shorter operative time, lower
blood loss and shorter length of stay, while the fusion rate showed no significant
differencel> 70l

Most of the literature on MIDLF for lumbar spondylolisthesis aimed to analyze
grade I to II spondylolisthesis, and there have been few publications about high-grade
spondylolisthesis. Although low-grade spondylolisthesis seems more common than
high-grade spondylolisthesis, this may be due to a lack of suitable instruments for
reducing severe spondylolisthesis.

There were no significant differences in operative duration or fusion rates, whereas the

Takenaka et al studied 119 consecutive patients with a minimum 1-year follow-up.

MIDLIF group experienced significantly less blood loss and lower postoperative
creatine kinase levels than the PLIF groupl7ll. Matsukawa et al performed a
retrospegtive cohort study aiming to find a predictor of screw loosening!”l. He found
that the regional HU values of the screw trajectory were more stronglyéorrelated with
the insertional torque than the femoral BMD and lumbar BMD, and the incidence of
screw loosening was 4.6%. Multivariate logistic regression analysis revealed that the
regional HU value was an independent risk factor that significantly affected screw
loosening. Lee et al compared the CBT and conventional PT techniques in terms of

proximal adjacent segment pathology after lumbar fusion/”. Among 53 patients




enrolled in this study, the postoperative fusion rate was not significantly different at the
1-year follow-up, while CBT exhibited superior satisfaction at 1 mo and lower pain
intensity within 1 mo, blood loss, operative time, hospital stay and incision length. This
study suggests that CBT can be a viable alternative to conventional PS surgery.

Other comparative studies have aimed to investigate the results between MIDLIF
and other traditional minimally invasive surgeries, such as percutaneous PS
placement(747¢l, microendoscopic laminotomy 77l and minimally invasive (MIS)-PLIF or
MIS-TLIFI78.

Bonis et al reviewed 72 consecuti\é patients treated with percutaneous PSs (PPSs)
and CBT screws!™! and showed that pain significantly improved in both groups. The
Charlson Comorbidity Index was the only variable associatgd with an increased risk of
complications. Patients with a body mass index (BMI) > (median value) and patients

ith percutaneous screws had an increased risk of a worse Smiley-Webster Score.
Patients with a BMI =274, patients with percutaneous screws and patients with more
comorbidities showed a higher risk of presenting with a severe/crippling ODI. Maruo
et al compared the clinical outcomes after TLIF using CBT or PPSs in 77 patients/”> and
found that the CBT group showed significantly lower serum creatine kinase (CK) levels
ﬁd numeric rating scale scores on postoperative days 1 and 3 than the PPS group.
There were no significant differences in cage subsidence, screw loosening, or fusion
rates between the groups at the 1-year follow-up. Another study performed by Inoue et
al compared traditional PSs, CBT-PSs, and PPSs for PLIFV%l and found that neither the
operative time nor blood loss was significantly different among them. However, the
postoperative drainage volume in the PPS-PLIF group was significantly lower than that
in the PS-PLIF and CBT-PLIF groups. Elmekaty et al found that CBT-TLIF led to a
shorter operative time, less blood loss, and lower CK and C-reactive protein (CRP)
levels than MIS-TLIF and MIS-PLF"8], while there was no significant difference in
functional outcomes among the three techniques. Additionally, the fusion rate was
100% with CBT-TLIF and MIS-TLIF but 90% with MIS-PLF. Screw loosening occurred in
10% of the MIS-PLF group, 7.14% of the MIS-TLIF group and 4.76% of the CBT-TLIF




group. Ding et al performed a prospective randomized controlled trial study that aimed
to compare the results with TLIF using CBT and traditional PSs for treating
osteoporosis patients with lumbar degenerative diseasel®l. The results indicated similar
fusion rates between the two techniques at 6 and 12 months, while CBT resulted in a
significantly lower incidence of screw loosening and better ODIs and JOA scores at 3
mo postoperatively.

Compared with traditional lumbar fusion surgery, the advantages and
disadvantages of MIDLF are as follows:

Advantages: (1) strong screw purchase, especially for osteoporosis patients; (2)
minimal invasiveness: the CBT screw is inserted near the middle line in the lumbar
posterior approach, and less paravertebral muscle stripping is required. Compared with
traditional PS insertion, CBT screw insertion results in less operative blood loss, shorter
hospitalization time, lower postoperative CK level, less fat infiltration, and a larger
postoperative lumbar dorsal muscle cross-sectional area; (3) safety: CBT screws are
inserted distant from the spinal canal and nerves; (4) effectiveness: combined with
various lumbar fusion procedures, CBT can treat a variety of lumbar diseases, lumbar
spondylolisthesis, spinal traumas, and infections and produce effective outcomes,
especially in the early postoperative period.

Disadvantages: (1) it is difficult to place the screw by hand, and the manual feel
with the CBT is notably different from that of the traditional pedicle trajectory, which
results in a steep learning curve; (2) for patients with thin pedicles, pedicle fracture can
easily occur; (3) it is difficult to connect screws and rods when fixing long segments;
and (4) relevant imaging equipment is required to place the screw accurately, and
intraoperative fluoroscopy must be performed repeatedly.

MIDLIF is advantageous in the treatment of lumbar spondylolisthesis with
osteoporosis due to its superior biomechanics and minimally invasive nail placement.
With the maturity and popularization of computer navigation system technology, 3D
printing navigation, 3D navigation and robot navigation-assisted CBT screw placement

can reduce the complications caused by screw placement errors, address the




shortcomings of CBT screw internal fixation technology, and increase the effectiveness

of CBT screw internal fixation technology in the treatment of spinal surgical diseases.

Advantages of MIDLF in spinal revision surgery

With the application of posterior lumbar interbody fusion, ASDs caused by fusion
have become increasingly prominent, with 5%~16% and 10%~26% of patients with
symptomatic ASDs requiring revision surgery 5 and 10 years after lumbar posterior
interbody fusion, respectively(7?$1l. Compared with the first surgery, revision surgery is
more difficult due to the obstruction of the PSs and the influence of surgical scars. The
risk of dural sac tears and other complications during revision surgery are increased 1.7
times, and the bleeding volume is increased by 16% in traditional posterior fusion
surgery fixed by vertebral arch screwsl82 83, MIDLIF can be used to perform
decompression, fusion and fixation on the basis of less soft tissue dissection while
retaining the original PSs, providing a new option for posterior revision of ASD.

In revision surgeries, CBT screws can be placed without removing the original PS so
that one PS and one CBT screw can be accommodated in the same segment at the same
timel®. In addition, the insertion point of the CBT screw is closer to the midline near
the isthmus; it is not necessary to expose the outer edge of the articular process when
placing the screw, significantly reducing surgical trauma and bleeding.

Zhang et al performed a human cadaveric biomechanical study and found that both
CBT screws and PSs can be applied in a revision operation to salvage each other(8>l. The
biomechanical stability of the traditional PS in revision with CBT is equivalent to that of
the original PS, while the stability of the CBT screw in revision with a traditional PS is
significantly lower than that of the original CBT screw. The original PS has a great
influence on the modified CBT screw; however, the original CBT screw has little
influence on the traditional pedicle revision screw(?3l. He et al used MIDLF with 3D-
printed navigation templates in revision surgery to treat ASDs and obtained good
clinical efficacy with a short operation duration and little blood loss(%l. Recently, Wang

et al found that CBT screws were feasible for bridging fixation in ASD revision




surgery[‘%l. Melikian et al published a case report on unilateral cortical trajectory screw

instrumentation, allowing for posterior instrumentation without having to remove_the
existing PSs in the setting of ASDI7l. Rho et al first applied robotic placement of a CBT

screw in the same pedicle as a prior traditional PS for ASDIsSI.

Study on the accuracy of computer navigation-assisted CBT screw placement

With the development and progress of computer navigation systems and related
equipment, robot navigation technology, 3D-guided plate navigation, and preoperative
3D CT planning trajectory-assisted placement of CBT screws have addressed the lack of
accuracy in manual screw placement and improved the accuracy and safety of CBT
screw internal fixation technology in spinal surgery.

To better standardize and increase the accuracy of the trajectory, Matsukawa et al
attempted to improve the perspective during CBT screw surgery using a computed
tomography guide, which acts as a "pedicle diagram" similar to a clock; that is, in the

t pedicle, the screw starts in the direction of 5 o'clock and is aimed at the direction of
11-12 o'clock, and in the right pedicle, the starting point is located in the direction of 7
'clock, and the screw is aimed at the direction of 12-1 o'clock[®]. The authors also
believed that the starting point of the sacral CBT screw should be located at the junction
of the center of the S1 upper articular process and approximately 3 mm below the
lowest edge of the L5 Lower articular processi8%l. In the axial plane, the direction is
vertical and forward, and in the sagittal plane, the angle is 30°, and the screw directly
penetrates the middle of the sacral endplate. Although penetrating the sacral endplate
seems dangerous, it produces more stability against pullout forces and loosening/®0l.
However, Spirig JM et al did not recommend placing CBT screws that penetrate the
lumbar vertebral endplate, as no relevant biomechanical advantage is gained, while the
potential risk for iatrogenic injury to structures anterior to the spine is increased!?!l.

Intraoperative CT (o-arm) image navigation technology combined with CBT screw

fixation technology was first used to treat symptomatic adjacent vertebral diseases by

Rodriguez et al in 2014; CBT screws were placed again in the pedicle in which




traditional PSs had been previously placed®!. This technique avoids the disadvantage
of removing the connecting rod in traditional revision surgery and can reduce the
operation time and trauma. Similarly, Kotheranurak et al used CT-guided and image-
guided unilateral CBT screw fixation to treat L5/S1 intervertebral disc diseases in an
anterior approach assisted by endoscopy. The results showed that a variety of
minimally invasive combined technologies with the assistance of a navigation system
can improve the ease and accuracy of screw placement and reduce the amount of
surgical traumal®. Larata et al used intraoperative cone beam CT to insert 618 CBT
screwsl®l and showed that the accuracy rate of the overall navigation was as high as
98.3%. Kumar ef al compared the accuracy and complication rate of CBT screw
placement under traditional fluoroscopy and CT navigation during the operation/®l.
The results showed that the destruction rate of the medial wall of the pedicle and the
incidence of cerebrospinal fluid leakage and postoperative infection-related
complications in the fluoroscopy group were higher than those in the navigation group.

In designing a 3D-printed navigation template, the surgeon first obtains images
through preoperative CT scanning and then uses computer-aided, preset nail tracks to
transfer the data to the 3D printer to create an individualized and accurate nail
placement navigation template that allows CBT screws to be accurately placed during
the operation. First, this technique was limited to cadaveric research!>%l, Recently,
some researchers have used this technique in clinical surgery. Kim et al used this
technique to treat an L4 spondylolisthesis patient, and the postoperative recovery was
satisfactory without any related complicationsl?7Il. Marengo et al also used this technique
to treat 11 patients in the same year[*®l. The results showed that the average deviation
between the actual position of the screw and the postoperative position was 0.91 mm,
and 85.2% of the screw deviation angles were <2°. Mastsukawa et al found that the
accuracy rate of the 3D-printed template reached up to 97.5%, and the screw size used
in this study was as large as 6.0 mm % 40 mm, which potentially increases the fixation
strengthl®l. Similarly, Maruo et al studied the accuracy of CBT screw placement by

surgeons without free-hand experience using 3D-printed navigation template




technology!?0l. The results showed that the overall accuracy was 91%, which increased
to 97% after 10 operations.

Compared with traditional CT navigation technology, robots can avoid the
interference of personnel and human errors caused by fatigue and emotion. Le et al
compared the accuracy of CBT screw placement under robot assistance and traditional
fluoroscopy assistancel?ll. According to the improved Gertzbein-Robbins classification,
the accuracy of the robot-assisted group was as high as 87.2%, while the accuracy of the
traditional fluoroscopy-assisted group was only 66.9%. However, the operation time,
blood loss and cumulative radiation time were greater than those in the traditional
fluoroscopy-assisted group. Le ¢t al also found that the use of robots could reduce the
rate of facet joint invasion and concluded that a measurement 245° was a significant risk
factor for facet joint invasion in both groups. Khan ef al compared the accuracy of CBT
screw placement assisted by the Mazor X robot and intraoperative 3D CT navigation
technologyl192l. The results showed that 92 screws in the robot group and 69 screws in
the CT group were accurately placed, but there was no significant difference in

operation time or bleeding volume.

CONCLUSION

CBT is a technique that can enhance the stability of screw fixation of osteoporotic
vertebral bodies without the use of additional materials. It provides a new selection for
lumbar internal fixation, especially for osteoporosis and revision cases. According to the
anatomical characteristics of the resulting screw channels, the exposure range of the
CBT technique is small and provides a safe passage distant from the nerve root and
facet joint, which reduces the potential risk of neurovascular and facet joint injury and
the incidence of ASDs and can also achieve a minimally invasive effect. Additionally,
the CBT screw technique can be used in conjunction with the traditional PS technique
and is expected to play an increasingly important role in treating lumbar diseases.

At present, large-scale, high-quality randomized controlled trials on CBT and

traditional trajectory technology in lumbar degenerative diseases are being carried




out!!® 104 and more evidence-based medical evidence will be produced. Of course,
with further basic research and clinical practice, clinicians and researchers will achieve a
deeper understanding of the CBT technique. In short, the application prospects of CBT

technology are worth considering.
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