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Purpose: The objective of this study was to describe the Mazor Renaissance robotic system-assisted CBT (cortical bone trajectory) 
screw technique as a salvage strategy for failed lumbar spine surgery.
Patients and Methods: Between January 2018 and June 2022, 7 patients underwent salvage surgery with the CBT screw fixation 
technique assisted by the Mazor Renaissance robot system in our institution. Intraoperative observations were recorded for blood loss, 
duration of operation, and fluoroscopy time. Complications related to CBT screws were also recorded. The accuracy of CBT screws 
was recorded in accordance with the modified Gertzbein-Robbins classification. The JOA (Japanese Orthopedic Association) score for 
low back pain was used to evaluate surgical outcomes.
Results: A total of 26 CBT screws were placed in 7 patients, including 4 females and 3 males. Three patients underwent ASD 
(adjacent segment disease) and four patients underwent lumbar union failure with loose or compromised PSs (pedicle screws). The 
mean operation time was 129.29 ± 32.97 minutes, the mean blood loss was 180 ± 52.60 mL, and the mean intraoperative fluoroscopy 
time was 14.29 ± 3.15 s. All screws were clinically acceptable according to the Gertzbein-Robbins classification. There were no 
complications related to CBT screws in any of the cases. The JOA scores for low back pain of all patients were significantly improved 
at the final follow-up.
Conclusion: The CBT screw fixation technique supplemented the traditional PS fixation technique, which can be performed as 
a salvage strategy for failed lumbar spine surgery and achieved good clinical results. The spinal robot was very helpful in evaluating 
pedicle size and determining CBT screw direction, especially in a previously instrumented lumbar pedicle.
Keywords: CBT screw, robot-assisted, salvage strategy, ASD

Introduction
The pedicle screw (PS) fixation technique is one of the most common procedures in lumbar fusion surgery. However, the 
PS fixation technique often leads to problems due to screw loosening and pullout in osteoporotic patients, which often 
causes insufficient strength of pedicle screw fixation and further internal fixation failure.1 In addition, while performing 
revision surgery for adjacent segment degenerative diseases, it is often necessary to extensively expose the entire 
previous wound and remove all of the previous hardware, so this technique has certain limitations in clinical 
applications.1,2

Santoni et al3 first proposed the cortical bone trajectory (CBT) screw fixation technique for the surgical treatment of 
lumbar spondylosis with osteoporosis, spinal deformities, spinal infections, and revision surgery for the failure of lumbar 
fusion. The CBT screw fixation technique improves fixation strength by increasing the contact surface of the screw with 
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cortical bone, and the CBT procedure is minimally invasive.4,5 However, the CBT method is technically challenging and 
requires multiple fluoroscopies during the process of CBT trajectory preparation.6,7 Moreover, the learning curve of the 
CBT fixation technique is long, and the technical difficulty of the CBT method is greatly increased when the anatomical 
structure of the pedicle is abnormal or the direction of CBT screws must be adjusted in revision surgery to avoid 
attachment to previous pedicle screws.2,6,7 Improving the precision of screw placement is a technical difficulty that 
urgently needs to be addressed in CBT screw application.

As robotic spinal surgery has become widely used, the advantages of a relatively short learning curve, high accuracy 
of robot-assisted screw placement, and short radiation exposure time have been highlighted.8–12 In view of this, this study 
presented an analysis of the clinical data of 7 cases treated by the CBT screw fixation technique as a salvage strategy with 
the help of the Mazor Renaissance robot system to evaluate the therapeutic effect of this technique for failed lumbar 
spine surgery.

Materials and Methods
From January 2018 to June 2022, 7 patients who underwent salvage surgery with the CBT screw fixation assisted by the 
Mazor Renaissance robot system in our institution were included. The diagnosis was confirmed by clinical symptoms and 
imaging findings. All procedures were performed by the same team of experienced surgeons. The details of the 7 patients 
are given in Table 1.

Data Collection
Intraoperative observations were recorded for blood loss, duration of operation, and fluoroscopy time. Complications 
related to CBT screws, such as inadequate screw holding, pedicle or isthmus splitting, and surrounding nerve or dural sac 
injury, were also recorded.

Immediate postoperative x-ray and CT scans were used to observe the accuracy of CBT screw insertion and the 
accuracy of CBT screws were recorded in accordance with the modified Gertzbein-Robbins classification13 (grade A, no 
breach or deviation; B, breach <2 mm; C, 2 mm < breach ≤4 mm; D, breach >4 mm). Screw grades A and B were 
considered clinically acceptable, and screw grades C and D were defined as malposition. The JOA score for low back 
pain14 was used to evaluate surgical outcomes at the final follow-up. The mean follow-up duration was 24.43 months 
(with a range of 8–46 months).

Surgical Procedures
All patients underwent thin-slice CT scanning (0.625-mm thick) of the surgical site before surgery. The original CT data 
(Dicom format) were imported into the specialized software of the spinal robot (Mazor Renaissance, Israel) for 
preoperative design. The ideal length, diameter, insertion point, and angle of the CBT screw were set on the correspond-
ing CT sagittal, coronal, and cross-sectional images of the surgical segment.

Patients underwent successful general anesthesia and were placed prone on a robot-assisted specialized operating 
table. After mounting the spinous fixation needle and the multidirectional bridge platform a 3D positioning device was 
fixed. Anteroposterior and oblique fluoroscopy was performed under the C-arm, and fluoroscopic data were transferred 
into the spine robot. Subsequently, the fluoroscopic data were matched with preoperative CT data in a single vertebral 
registration fashion, followed by error rating and minor adjustments of individual nail tract positions.

Then, the terminal robot was guided precisely to a predetermined position according to the preoperative plan, with 
subsequent placement of a mechanical arm and cannulated dilator under the guidance of the spine robot. Drilling by the 
electric drill and guide wire placement were subsequently completed. These steps were repeated for subsequent guide 
wire insertions. Anteroposterior and lateral fluoroscopy were performed to confirm the position of the guide wires. After 
decompression of the corresponding segment was completed, tapping and CBT screw placement were performed. 
Fluoroscopy was performed again to confirm placement of the CBT screws.
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Table 1 Patient Basic Information and Clinical Parameters

Case 
No.

Sex/ 
Age

Primary 
Diagnosis

Primary Op Duration 
(Month)

Failure Pathology Salvage Op. Op. 
Time (min)

Blood 
Loss (mL)

JOA Score for Low 
Back Pain (Max: 29) 
Preop Postop 
(Recovery Rate)

1 F/63 LCS L4-S1 PLIF 24 L34 ASD and S1 screw 
breakage

L34 PLIF + PS and L5S1 PLF + S1 CBT 
+ S2AI screw

180 280 13 25 (75%)

2 M/66 LCS L2-5 PLIF 66 L12 ASD and T10-T12 
TCS

L12 and T10-12 laminectomy+ L12 
CBT and T10-11 PS

160 200 10 22 (63%)

5 F/72 L45 LDH and 
osteoporosis

L45 PLIF 96 L34 ASD and 
osteoporosis

L34PLIF + CBT 90 160 11 21 (56%)

6 M/65 L4-S1 LCS L4-S1 PLIF 84 L34 ASD and L23 LCS L23 and L34 PLIF + L2-4 CBT 95 150 14 26 (80%)

7 M/62 L45 LCS L45 PLIF 36 L45 PS loosening and L45 

fusion failure

PS removal and L45 CBT + iliac Bone 

autograft and PLIF

140 200 8 22 (67%)

3 F/60 LCS L34 PLF and 

L45 PLIF

6 L4PS loosening and L45 

fusion failure

PS remove and L45 CBT + iliac Bone 

autograft and PLIF

120 150 14 23 (60%)

4 F/62 LCS L45 PLIF 12 L4 PS loosening and L45 

fusion failure

PS remove and L45 CBT + iliac Bone 

autograft and PLIF

120 120 9 21 (60%)

Note: Recovery rate = [Postoperative score - Baseline score]/[29 - Baseline score]×100 (%). 
Abbreviations: M, male; F, female; Op, operation; LCS, lumbar canal stenosis; LDH, lumbar disc herniation; PLIF, posterior lumbar interbody fusion; PLF, posterolateral fusion; ASD, adjacent segment disease; PS, pedicle screw; S2AI, S2 
alar iliac screw; CBT, cortical bone trajectory.
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Results
As shown in Table 1, a total of 26 CBT screws were placed in 7 patients, including 4 females and 3 males. The mean 
operation time was 129.29 ± 32.97 minutes, the mean blood loss was 180 ± 52.60 mL, and the mean intraoperative 
fluoroscopy time was 14.29 ± 3.15 s. The mean duration between the salvage CBT screw fixation technique and the 
previous surgery was 53.4 ± 31.0 months (with a range of 12–96). There were no intraoperative complications or 
complications related to CBT screws in any of the cases. Among all screws, the immediate postoperative CT results 
showed that 92.31% (24) were grade A and 7.69% (2) were grade B; therefore, all screws were clinically acceptable. At 
the final follow-up, the JOA score for low back pain of all patients was significantly improved, and all patients had no 
signs of screw loosening on x-ray.

Case 1 (Figures 1-3)
A 63-year-old woman had undergone L45 and L5S1 posterior lumbar interbody fusion (PLIF) for a diagnosis of L4-S1 
lumbar canal stenosis. Two years after the first surgery, she had back pain and radiation pain in both lower limbs caused 
by an accidental fall. The plain radiograph and MR images showed adjacent segment disease (ASD) in L34 and S1 
pedicle screw fractures. Conservative treatment had no effect on her low back pain, and salvage surgery was performed. 
After removal of the posterior rod and S1 screw tail, L34 decompression and TLIF were performed. By the preoperative 
planning of the screw trajectory, we found that the previous hardware does not block the trajectory of the CBT screws, So 
the S1 screw bodies were retained to prevent further destruction of the vertebral body, and S1 CBT and S2AI screw 
fixation were used to construct the lumbosacral stability under guidance of a spine robot. Finally, PLF was performed in 
L5S1. The radicular pain and back pain disappeared after the second surgery. Postoperative CT showed that S1 CBT and 
S2AI screws were all grade-A according to the Gertzbein-Robbins classification, and an x-ray at 12 months after the last 
surgery illustrated no signs of screw loosening or displacement.

Case 2 (Figures 2-6)
A 66-year-old man was admitted to our hospital due to numbness and weakness in the lower limbs for half a year, 
accompanied by difficulty urinating. The patient had previously undergone posterior L2-L5 lumbar fusion surgery 5 years 
prior. Preoperative CT showed L12 ASD and T10/11 and T11/12 ossification of the ligamentum flavum (OLF). Posterior 
laminectomy and decompression were performed on T10/11, T11/T12, and L1/2. The stress in the thoracolumbar 
segment was high, and instead of prolonged fixation, we used short segmental fixation with CBT screws in order to 
distribute the stress. L1-L2 bilateral CBT screws were placed with robot assistance, and T10-T11 pedicle screws were 
inserted freehand. Local bone was used as autograft bone to fill the facet joint space for fusion. Postoperative and final 
follow-up x-rays showed that CBT and PS screws were in a good position.

Figure 1 Preoperative x-ray showed S1 PS (a and b). Preoperative MRI showed L34 ASD (c). S1 CBT and S2AI screws were designed in the platform of the Mazor 
Renaissance spinal robot (d–g).
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Case 3 (Figure 7)
A 60-year-old woman who had undergone L34 PLF and L45 PLIF for lumbar canal stenosis (LCS) 6 months prior to 
visiting our clinic for severe low back pain. The radiograph and CT images showed pedicle screws and L45 fusion 
failure. We performed salvage surgery for L4/L5 fusion failure, and the CBT screw fixation technique was used for 
stability reconstruction. After the L3-L5 pedicle screws were removed, we found that osseous destruction due to 
loosening of the PS at the L45 level allowed us to perform CBT only unilaterally. The L45 cage was also removed, 
and lumbar interbody fusion was reperformed using autograft bone taken from the ilium. Her low back improved 

Figure 2 Intraoperative position of K-wires and screws in intraoperative fluoroscopy (a–d). An intraoperative pilot hole of the S1 CBT screw was prepared (e). Fractured 
S1 pedicle screw tails were removed (f).

Figure 3 Immediate postoperative x-ray (a and b) and CT (c–f) showed that S1 CBT and S2 AI screws reached grade A according to the modified Gertzbein-Robbins 
classification. X-ray at 12 months after surgery (g–h).
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completely after the second surgery, and x-ray and CT images taken 1 year after the last surgery illustrated successful 
bone union at the affected level.

Discussion
CBT was first described by Santoni and colleagues to obtain a stable fixation in osteoporotic lumbar vertebrae.3 

Anatomical studies and radiological evidence have demonstrated that CBT can obtain 4-point contact between the dorsal 
cortex at the site of insertion, the medially oriented posterior pedicle wall, the laterally oriented anterior pedicle wall, and 
the curvature of the vertebral body wall.15 Additionally, biomechanical studies have shown that CBT screws have similar 
or greater fixation and pullout strength in comparison with traditional PS or bone cement screw internal fixation.16–18 

Figure 4 Preoperative x-ray and MRI showed previous L2-5 PLIF (a) and L12 ASD (b). Preoperative CT showed L12 ASD (c), T10-12 LCS, and OLF (d–f).

Figure 5 CBT screws were designed in the Mazor Renaissance spinal robot platform (a–d). Preparing the pilot hole of the CBT screw with the assistance of a spinal robot 
(e and f).

Figure 6 Intraoperative position of guided pins (a and b). Immediate postoperative x-ray (c and d). Postoperative CT at the final follow-up (e–i).
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CBT screw insertion from a more caudal and medial starting point requires less facet joint violation and less paraspinal 
muscle damage.5,15 Clinical outcomes showed equal or better results in the fusion rates, patient satisfaction, functional 
recovery, and perioperative complication rates from the review of the literature.1,4

However, CBT may be more technically challenging for cases in which the trajectory is narrower and more difficult 
to cannulate through multiple cortices compared to PS. Ishii et al19 performed CBT screw insertion using a freehand 
technique in PLIF with 3.3% unacceptable misplacements and 2.2% revisions because of subsequent neurological 
symptoms caused by unacceptable screw position. The study by Dayani et al20 demonstrated that the difference in 
surgical complications between the early and late experience groups trended toward statistical significance, and 66.7% of 
medial pedicle breaches and the only case of lateral vertebral body breach were identified in the early experience group. 
In addition, surgeons and patients may be exposed to greater radiation due to intraoperative multiplanar fluoroscopy 
during CBT screw insertion.8,11

Navigation-based and robot-assisted CBT screw placement has been described to increase CBT screw placement 
accuracy and reduce radiation exposure.8,10,11 In a retrospective study of 81 patients by Li et al,11 the safety and accuracy 
of CBT screw placement between robot-assisted and fluoroscopy-assisted approaches were compared, and the results 
showed that screw placement accuracy was higher in the robot-assisted group (93%) than in the fluoroscopy-assisted 
group (83%). They demonstrated that robot-assisted CBT screw placement improves screw placement accuracy and 
shortens screw placement time with a relatively smooth and short learning curve. Buza et al9 reviewed the technical 
aspects of utilizing MXSE (Mazor X Stealth Edition) for CBT screws and reported that the learning curve associated with 
CBT technology must be considered. Although robotic technology has been shown to increase pedicle screw placement 
accuracy, any technical errors during the procedure may lead to screw malposition.9 Khan et al10 reported initial 
experience with CBT screw insertion under robotic guidance and CT navigation in 40 patients with degenerative disc 
disease, and the study demonstrated that both robotic technology and CT navigation technology for CBT screw insertion 
were accurate and safe.

In this study, we performed robot-assisted salvage surgery with CBT in seven patients with fusion failure or ASD 
after PLIF. We also noted that all steps in the robot workflow must be performed accurately during CBT screw placement 
to ensure a safe outcome, and screw pilot hole exploration and intraoperative radiographs are still required for traditional 
freehand screw placement.

While most recent studies on robotic-assisted CBT screw placement have evaluated CBT screw trajectories in spine 
surgery, reports about the application of this technique under the guidance of robots for failed lumbar spine surgery or 
revision surgery are rare, and only a few studies on CBT screw fixation techniques for ASD have been reported. Several 
surgical approaches have been introduced for ASD, including decompression alone, anterior or lateral interbody fusion 
with posterior fixation, and posterior decompression and fixation with the fusion of the adjacent segments. The posterior 
approach is still the most commonly used method for ASD, with the advantages of long-term stability and sufficient 
decompression.2,6 However, extensive exposure was required for the connection to preexisting hardware, and subsequent 

Figure 7 MRI showed L3-5 LCS before the initial operation (a). Immediate postoperative x-ray (b) and x-ray at 6 months after the first operation (c). CT before the 
revision surgery showed loosened PS and L45 union failure (d). Immediate postoperative x-ray and postoperative CT at the final follow-up (e and f).
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soft-tissue damage was unavoidable in this procedure. The CBT screw fixation technique was used in several studies to 
solve this problem, with placement in the previous PS instrumented vertebral bodies as a domino system to connect 
adjacent levels. Chen et al2 introduced the freehand CBT screw fixation technique in previously instrumented vertebral 
bodies for ASD; this method can prevent the need for previous hardware removal and reimplantation. Rodriguez et al6 

reported that the CBT screw fixation technique was used in a previously instrumented lumbar pedicle with CT-guided 
navigation in 5 consecutive patients for symptomatic ASD, and all the patients experienced good clinical results. 
Moreover, some authors have also suggested that the pedicle size should be evaluated before surgery to determine 
whether a pedicle with a preexisting pedicle screw can accommodate a CBT pedicle screw.2,6 In cases 2 and 6, the 
preoperative planning program in the Mazor Renaissance robot system was very helpful. The residual amount and the 
CBT screw size can be calculated accurately without being limited by scarring or preexisting PSs, thus providing precise 
directive guidance during cortical cannulation and screw placement. In addition, further destruction of the vertebral body 
can be avoided if the previous hardware can be retained. Postoperative CT demonstrates accurate screw placement, and 
the symptoms were clearly relieved.

Patients with screw loosening resulting in fusion failure often have a combination of many unfavorable factors such 
as osteoporosis. Combined with the difficulty in exposure due to scar formation and loss of bony structures from previous 
surgery, salvage surgery is highly challenging. There are currently several techniques are available for salvaging loose or 
compromised PSs, such as changing the previous screws with PSs with greater diameters and lengths, using bone cement 
screws, and vertebral augmentation.18 The CBT screw fixation technique is another option that uses a different screw 
trajectory or insertion technique, with no need for additional level fusion and vertebral augmentation.3 A human 
cadaveric and biomechanical study using this technique by Zhang et al21 demonstrated that the original torque increased 
by 50%, an average of 81% of the pullout strength of the initial PS screws was retained, and the fatigue performance was 
equal to that of the PS screws, which were considerably stronger than the loose PS screws. Calvert et al22 investigated the 
biomechanical properties of rescue CBT screws in osteoporotic lumbar spines and demonstrated that CBT rescue screws 
retained 60% of the pullout strength of the original PS. This study reported similar stiffness in flexion/extension and axial 
rotation between CBT rescue screws and the initial PS. We supported this opinion that CBT screws may serve as 
a suitable salvage technique for failed PS (cases 1, 3, and 7). The patient achieved good symptom relief and spinal fusion. 
Moreover, sufficient bone grafting was required for fusion in these revision surgeries.

This study suffered from several potential limitations. First, the study had a small sample size due to the rarity of the 
etiology, and this limited the broad generalizability of the results. Second, the robot-assisted CBT screw fixation 
technique can be performed as a replacement for or supplement to the traditional PS fixation technique in spine surgery, 
but this technique may need long-term follow-up to confirm the clinical results. Third, the learning curve associated with 
the adoption of spinal robots must be considered. Future studies are required to address these concerns.

Conclusion
The robot-assisted CBT screw fixation technique supplemented the traditional PS fixation technique and can be 
performed as a salvage strategy for failed lumbar spine surgery. We introduced the robot-assisted CBT screw fixation 
technique in ASD and loose and compromised PSs. Moreover, the spinal robot was very helpful in evaluating the pedicle 
size and determining the CBT screw direction, especially in cases with previously instrumented lumbar pedicles. The 
robot-assisted CBT screw fixation technique provides an option for surgeons to perform salvage surgeries safely and 
efficiently.
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QYFY WZLL 27404). All procedures performed in studies involving human participants were in accordance with the 
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its 
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