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Study Design: This was a prospective randomized controlled trial study.

Objective: To elucidate clinical and radiographic outcomes and complications of cortical bone trajectory (CBT)-screw fixation in
patients with osteoporosis at 24-month follow-up and to compare the results with those after transforaminal lumbar interbody fusion
(TLIF) using traditional pedicle screw (PS) fixation.

Methods: We enrolled 124 patients and randomly assigned them to two groups (each group had 62 participants). The primary
outcome was fusion rate. Secondary outcomes were VAS, Oswestry Disability Index (ODI), and Japanese Orthopaedic Association
(JOA) scores, operation duration, incision length, estimated blood loss, drainage volume, radiological outcomes, and complications.
Results: At the 6- and 12-month follow-up points, similar fusion rates were observed based on CT scans in both groups (P=0.583 and
0.583). CBT provided significantly better short-term functional status at 3 months postoperation on ODI and JOA scores (P=0.012 and
0) and similar improvements in pain intensity and functional status at other follow-up points. In addition, CBT resulted in significantly
better surgical characteristics. Notably, CBT fixation led to lower incidence of screw loosening (P=0.006).

Conclusion: CBT-screw fixation for single-level lumbar fusion in patients with osteoporosis provided improvement in clinical
symptoms comparable to that of TLIF using PS fixation. Significantly better lumbar stability was found in the CBT group. We suggest
that CBT-screw fixation is a reasonable and superior alternative to PS in TLIF in osteoporosis.

Trial Registration Number: ChiCTR1900022658.

Date of Registration: April 20, 2019.

Keywords: cortical bone-trajectory screw, pedicle screw, lumbar fusion, osteoporosis, randomized controlled trial

Introduction

Posterior lumbar fusion is one of the most used surgical methods for the treatment of lumbar degenerative diseases for its
advantages of solid construction and high fusion rate of pedicle-screw internal fixation.' > However, some drawbacks
have been reported as well, including extensive soft-tissue and paravertebral muscle exposure, lack of purchase strength
in osteoporosis patients, and superior facet-joint violation.*® The cortical bone trajectory (CBT) technique, first
described in 2009 by Santoni et al, was developed as a solution to reduce the incidence of complications associated
with conventional pedicle screws (PSs).”'° While traditional screws engage with cancellous bone, directed convergently
along the anatomical axis of the pedicle, CBT screws increase the pullout strength by maximizing thread contact with the
cortical bone of the pedicle and vertebrae, which start at the junction of the superior articular process and pars, following

: : : 7,9-11
a sagittal caudocephalad path and a medial-lateral path in the transverse plane.”
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The superior pullout strength, higher insertional torque, and satisfactory stability of the screw-rod construction
compared to traditional fixation have been confirmed by biomechanical studies.”""'* Also, the comparable clinical
outcomes, less multifidus muscle damage, and fewer complications associated with instrumentation compared to
PSs have been observed in some retrospective clinical studies.'>'” However, to our knowledge, even though CBT
fixation was introduced to improve internal fixation efficacy in osteoporosis patients, there have been few prospective
studies on osteoporotic cohorts based on a large patient population. The aim of our study was to elucidate clinical and
radiographic outcomes and complications of CBT-screw fixation in patients with osteoporosis at 18 months postoperation
and to compare the results with those after transforaminal lumbar interbody fusion (TLIF) using traditional PS fixation.

Methods

Patients

The study was approved by the institutional ethics committee of the authors’ hospital. Inclusion criteria were: diagnosis
of lumbar degenerative disease (LDD) according to radiography, computed tomography, and magnetic resonance
imaging, as well as an additional diagnosis of osteoporosis based on World Health Organization criteria (dual-energy
X-ray absorptiometry scan, f-score <—2.5), and meeting indications for lumbar surgery. Patients needed to present both
clinical symptoms and radiological evidence of severe single-level LDD, and the symptoms and physical examination
had to be consistent with radiological evidence. In addition, all patients underwent conservative treatment for 6 months
with poor response. Patients were volunteers, provided written consent, and were required to complete at least 2 years’
follow-up. Exclusion criteria were secondary osteoporosis, history of previous lumbar spinal surgery, fractures, infection
or tumors in the lumbar spine, inability to accurately complete preoperative and postoperative questionnaires, and lack of
suitability as judged by the corresponding author. The inclusion and exclusion criteria were applied to avoid confounding
effects on outcome variables.

Sample-Size Estimation

As this was an open-label, clinical superiority trial in patients with LDD and osteoporosis to determine whether CBT
screws are stabler in posterior lumbar surgery than PSs based on fusion rate and clinical outcomes, we used noninfer-
jority criteria to calculate the appropriate sample size.'® The primary end point was fusion rate, and the expected fusion
rate of the control group using PSs was 93%, which agreed with several studies.> For noninferiority of CBT versus PS in
TLIF with two-sided 1% significance, power of 80%, and noninferiority margin of 15%, a sample of 56 patients for each
group was necessary. Given an anticipated dropout rate of 10%, at least 124 patients were required.

Randomization

Patients were randomly assigned to undergo either midline lumbar fusion with CBT screws or TLIF combined with
traditional PS fixation (PS group). Randomization was performed using nQuery Advisor PPS 6.01, which assigns
numbers in strict chronological sequences and enters regular sequences for each group. Randomization was stratified
via age (>60 versus <60 years), smoking status (smokers versus nonsmokers), and BMI (>24 versus <24). Each study
participant was allocated a unique randomization number on screening completion. This was a single-blind study for
patients, rather than the surgeon and other health providers.

Surgical Procedures and Postoperative Protocols

All surgeries were performed using the same operative technique. Transforaminal decompression was performed via
a midline posterior incision. One polyether ether ketone interbody cage with the autograft bone locally obtained during
decompression was routinely inserted in each patient for interbody fusion. In the CBT group, a bilateral screw-rod system
with a cortical screw-fixation system (Medtronic CD Solera 4.75 spinal system) was used under fluoroscopic guidance. In
the PS group, a bilateral screw-rod system with traditional PS fixation (CD Horizon Legacy spinal system) was used.
Lastly, one drainage tube was placed beneath the paraspinal muscles and pulled out until the drainage volume in 24 hours
was <50 mL. All patients were treated with the same postoperative protocols. They were permitted to ambulate after the
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Figure | Radiological examination of one patient who had undergone CBT-fixation surgery with lumbar spinal stenosis at L4/5 segment with failure of conservative
treatment. (A and B) Anteroposterior and lateral views of preoperation lumbar spine X-ray; (C) sagittal image of preoperation MRI scan; (D) L4/5-disk axial image of
preoperation CT scan; (E) L4/5-disk axial image of preoperation MRI scan; (F and G) anteroposterior and lateral view lumbar spine X-ray at 3 months post-CBT fixation
surgery; (H) sagittal CT image at 3 months postoperation for lumbar CT reconstruction, showing signs of fusion at L4/5; (I and J) cortical screw position in L4 and L5
vertebrae.

drainage tube had been removed, and most were discharged on postoperative days 5—7. Patients were encouraged to wear
a customized lumbar brace and avoid standing or sitting for long periods during the first month after surgery. They were
able to resume normal activities at 3 months postoperation (Figures 1 and 2).

Outcome Measures

Primary End Point

The primary end point of our study was fusion rate. Fusion status was evaluated at 12 months postoperation. Fusion was
defined as the presence of a continuous fusion mass inside or outside the cage on CT imaging. Status was regarded as
nonunion when the fusion mass on CT was discontinuous. Two independent orthopedic spine surgeons blind to the
surgery assessed the fusion status by CT. Radiographic data measurements were carried out using Picture Archiving and
Communication Systems. All CT scans were taken using 1 mm intervals (Siemens Somatom Sensation 16).
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Figure 2 Radiological examination of one patient who had undergone PS fixation surgery with lumbar spinal stenosis at L4/5 with failure of conservative treatment. (A and
B) Anteroposterior and lateral views of preoperation lumbar spine X-ray; (C) sagittal image of preoperation MRI scan; (D), L4/5-disk axial image of preoperation CT scan;
(E) L4/5-disk axial image of preoperation MRl scan; (F and G) anteroposterior and lateral view of lumbar spine X-ray at 3 months post-PS fixation surgery; (H) sagittal image
at 3 months postoperation of lumbar reconstruction CT scan, showing signs of fusion at L4/5; (I and J) pedicle-screw position in L4 and L5 vertebrae.

Secondary End Points

Several secondary end points were measured: intensity of low-back and lower-extremity pain (using a VAS), functional
status (using the Oswestry Disability Index [ODI] and Japanese Orthopaedic Association [JOA] scores), surgical
morbidity (based on operating duration, incision length, estimated blood loss, and drainage volume), and incidence of
intraoperative complications (nerve-root injury, durotomy, and screw misplacement) and postoperative complications
(infection, cage malposition, screw loosening, and revision surgery). CBT-screw accuracy was evaluated according to the
method described by Ding et al'® and PS-screw accuracy by the method of Abul-Kasim et al*® on postoperative CT
scanning. Data were collected prospectively by the corresponding author, both perioperatively and at each follow-up
visit.

Statistical Analysis

SPSS 18 was used for statistical analysis. Two-samples independent t-tests were conducted to assess differences in
continuous variables of parametric data between the two cohorts. Fisher’s exact and x° tests were used to analyze
differences in categorical outcome variables, and P<0.05 denoted statistical significance.
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Figure 3 Flowchart of enrollment.

Results

Demographic Data
In sum, 124 eligible patients were enrolled and randomly allocated to a CBT group (62 patients) and PS group (62

patients). Eventually, 61 in the CBT group and 60 in the PS group qualified for the study, each of whom fully complied

with the inclusion criteria (Figure 3). No significant differences were found between the groups in terms of age, sex,

follow-up, smoking status, body-mass index, bone-mineral density, or surgical level distribution (Table 1).

Primary Outcome Measure
Based on CT scans, at 6 months postoperation 37 patients (60.66%) in the CBT group and 33 (55%) in the PS group
showed fusion, with no significant difference between the groups (P=0.583). At 1 year postoperation, fusion had been
achieved in 55 patients (90.16%) in the CBT group and 52 (86.67%) in the PS group, with no significant difference
between the groups (P=0.583, Table 2).

Table | Patient demographics and perioperative parameters

CBT group (n=61) PS group (n=60) P
Demographics
Age (years) 66.20+8.47 66.53+7.41 0.817
Sex (male:female) 34:27 31:29 0.717
Follow-up (months) 26.26£2.15 26.47+2.07 0.596
BMI (kg/m?) 26.30+3.62 26.19+3.35 0.865
BMD (T score) —3.00+0.33 —3.04+0.35 0.587
Smokers:nonsmokers 16:45 14:46 0.834
Surgical level (Ly/3:L34:las:Ls/S)) 3:7:24:27 2:6:26:26 0.967
Perioperative parameters
Average surgery time (minutes) 138.30+22.81 160.92+16.28 of
Intraoperative blood loss (mL) 133.44+26.97 156.92+12.29 of
Length of incision (mm) 64.74+6.38 77.5710.10 ot
Postoperative drainage (mL) 93.03%13.21 142.58+16.35 of

Notes: Values expressed as means % SD unless indicated otherwise. TP<0.05.
Abbreviations: BMI, body-mass index;

BMD, bone-mineral density.
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Table 2 Fusion status and complications

CBT group PS group P
Status
At 6 months postop 37 33 0.583
At | year postop 55 52 0.583
Complications
Screw misplacement 2/244 3/240 0.684
1/61* 2/60%* 0.619
Durotomy 1/61 1/60
Nerve-root injury 0/61 2/60 0.244
Surgical site infection 0/61 1/60 0.496
Screw loosening 3/244 14/240 0.006"
1/61% 9/60* 0.008"
Cage migration 1761 0/60
Revision surgery 1761 3/60 0.365
Recharge in hospital 2/61 4/60 0.439
Total 4/61 12/60 0.034"

Notes: 'P<0.05; *count by case number.

Secondary Outcome Measures
Both had similar improvements in mean VAS scores postoperatively. Pain levels at last follow-up were significantly

lower than preoperation for both groups, with means decreasing from 6.2040.87 preoperatively to 1.49+0.74 at last

follow-up in the CBT group and from 6.22+0.90 to 1.48+0.81 in the PS group, with no significant difference between the
groups (Table 3). ODI scores decreased from 66.62+6.83 preoperation to 31.54+4.69 at 3 months postoperation to 15.87
+2.15 at last follow-up in the CBT group and from 66.05+6.03 preoperation to 34.08+6.20 at 3 months postoperation to

15.90+2.27 at last follow-up in the PS group, a significant reduction. ODI scores at 3 months postoperation in the CBT

group were significantly lower than the PS group, but showed no difference at other follow-up points (Table 3). JOA

Table 3 Clinical outcomes

CBT group PS group P
Pain (VAS)
Preoperation 6.20+0.87 6.22+0.90 0.902
3 months 2.98+0.74 2.98+0.75 0.998
| year 1.90+0.68 1.93+0.73 0.805
Latest follow-up 1.49+0.74 1.48+0.81 0.952
P* 0 0 /
Oswestry Disability Index score
Preoperation 66.62+6.83 66.05+6.03 0.625
3 months 31.54+4.69 34.08+6.20 | 0.012F
| year 17.69+3.17 17.47+2.67 | 0.678
Latest follow-up 15.87+2.15 15.90£2.27 | 0.938
P* 0 0 /
Japanese Orthopaedic Association score
Preoperation 1221£1.92 12.22+1.42 0.991
3 months 16.41x1.70 15.30+1.45 of
| year 24.64+1.44 24.60+1.34 | 0877
Latest follow-up 25.05%1.10 24.98+1.23 0.066
P* 0 0 /

Notes: Values expressed as means * SD. P<0.05; #preoperation vs latest follow-up.
Abbreviations: VAS, Visual Analogue Scale; ODI, Oswestry Disability Index; JOA, Japanese Orthopaedic

Association Score.
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scores also improved from 12.21£1.92 preoperatively to 16.41+1.70 at 3 months postoperation and 25.05+1.10 at last
follow-up in the CBT group and from 12.22+1.42 preoperatively to 15.30+=1.45 at 3 months postoperation and 24.98
+1.23 at last follow-up in the PS group. These ODI scores were not significantly different between the two groups, except
that at 3 months postoperation (Table 3).

Perioperative parameters, ie, average surgery time, intraoperative blood loss, length of incision, and postoperative
drainage, are given in Table 1. The CBT group had better outcomes than the PS groupon all of these. Perioperative
complications, ie, durotomy, nerve-root injury and surgical site infection, between the groups were similar. Screw misplace-
ment on postoperative CT occurred with two of 244 screws (0.82%) in the CBT group and three of 240 (1.25%) in the PS
group, which indicated no significant difference between the groups (P=0.684). During follow-up, three of 244 (1.23%)
screws in the CBT group were loose and had migrated on CT scans, the incidence of which was significantly lower than the PS
group, with 14 of 240 (5.83%) screws loosening (P=0.006). One of 61 patients in the CBT group had had cage migration at 3
months post operation, while there was none in the PS group. No significant difference was found.

Two patients (3.28%) in the CBT group returned to hospital during follow-up because of screw loosening (one) and
cage migration (one), with the latter receiving revision surgery and obtaining relief. Four patients (6.67%) in the PS
group returned to hospital during follow-up because of screw loosening and internal fixation failure, of which three
received revision surgery and obtained relief. However, there was no significant difference between the groups in terms
of revision surgery. Complications occurred in four of 61 patients (6.56%) in the CBT group and 12 of 60 (20.0%) in the
PS group during follow-up, with significantly higher incidence in the PS group (P=0.034, Table 2).

Discussion

According to rough estimates, there are approximately 200 million people worldwide with osteoporosis,”' and as the
population ages and the expected life span increases, the prevalence of osteoporosis continues to rise. Rates of osteopenia
and osteoporosis among patients undergoing spine surgery have been reviewed recent years. It was reported that 46.1%
of male patients and 41.4% of female patients had osteopenia and 14% of male patients and 51.3% of female patients had

osteoporosis in Chin et al.*? 1,

According to Bjerke et al,” of 140 patients undergoing primary posterior thoracolumbar or
lumbar fusion, the prevalence of osteopenia was 58.6% (82 of 140), and osteoporosis 10% (14 of 140). It has been well
proven that surgical complications, such as instrument failure (cage migration, screw loosening, and pseudarthrosis) and
subsequent vertebral compression fractures, correlate with osteoporosis.>*** Both PS loosening and cage migration are
correlated with an increase in back pain, rate of nonunion, and pseudarthrosis, leading to poor quality of life.***” In the
treatment of elder patients with osteoporotic LDD, many surgical techniques have hsve shown satisfactory fusion
rates and good stability, including cement augmentation of PS, expandable PSs, and CBT-screw fixation.”® CBT-screw
fixation is considered a potential option for patients with osteoporosis undergoing lumbar fusion.””** However, the
utilization of CBT screws in the osteoporotic lumbar spine are supported by limited data. This is the first study to
thoroughly evaluate at least 2-year follow-up outcomes in patients with osteoporosis undergoing single-level TLIF using
CBT screws and to compare these outcomes with those after single-level TLIF using PSs via prospectively collected data.

In the current study, similar clinical recovery was recorded in the two osteoporotic groups. Both pain intensity and
function status in terms of VAS, ODI, and JOA scores in the two groups showed significant improvement compared to
preoperation scores. There was no statistically significant difference between the two groups in improvements in VAS,
ODI, and JOA scores. However, in the short-term postoperative period, within 3 months of surgery CBT fixation
provided significantly better ODI and JOA scores tha PSs as a result of smaller skin incisions and less muscle dissection.
In addition, CBT fixation resulted in lower surgical morbidity measured by average surgical time, intraoperative blood
loss, length of incision, and postoperative drainage than the PS group. It has been reported that CBT fixation could offer
several advantages that may overcome the limitations of PSs.*'>!%*! The reduction in surgery-related morbidity may be
attributed to the medial insertion point of CBT screws, less lateral muscle dissection, and shorter skin incisions. As an
indicator of postoperative recovery, less postoperative drainage means better and faster recovery. Purposeful attention
paid to soft-tissue handling, protection of muscles, and hemostasis leads to less trauma and damage, which could yield
visible short-term and potential further benefits to patients, translating to significantly better ODI and JOA scores than
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those of PS patients in a 3-month postoperative period. The results from two prospective randomized controlled trials
support our findings of CBT fixation’s advantages.>*~>

For patients with osteoporosis who undergo PS fixation and interbody fusion, the stability of instrumentation and rate
of union are the biggest concerns. As the primary end point of the current study, fusion rates between the two groups
were compared. The fusion rate in the osteoporotic population is considered one of the most important factors in
evaluation of the safety and efficacy of CBT fixation in lumbar fusion surgery and influences postoperative clinical
outcomes and patient satisfaction. The fusion rate at 1-year follow-up was 86.67% (52 of 60) in the PS group and 90.16%
(55 of 61) in the CBT group on CT scans (P=0.583). It was even higher in CBT group, while fusion rates at 1-year
follow-up showed no significant differences between the groups. A meta-analysis of 14 studies (466 patients in a CBT
group and 488 in a PS group) reported fusion rates of 92.6% (452 of 488 levels) in the CBT group and 92.7% (471 of 508
levels) in the PS group based on dynamic radiography and CT images between the 12- and 40-month follow-up,
demonstrating no statistically significant difference in fusion rates between the two groups.** The reported fusion rates in
the two groups were similar to those in our current study. In a previous comparative study of CBT- and PS-screw fixation
used in the treatment of osteoporotic LDD, CBT fixation achieved a higher fusion rate (24 of 31 vs 18 of 32, P=0.06) at
1 year postoperation on CT scans, with no significant difference. The results reported by Liu et al*’ were similar to our
study.

Loosening of PSs is known to be the main reason for failure in posterior stabilization for osteoporosis. Stability of an
implanted PS depends on bone quality, implantation technique, and screw properties.>> In the current study, the incidence
of screw loosening was much higher in the PS group than thef CBT group (P=0.006). The advantage of CBT screws lies
in the superior biomechanical foundation in the osteoporotic spine. Cortical screws are minimally affected by the
enhanced cancellous properties of osteoporotic lumbar pedicles, because they target the highly dense cortical bone,
which is mostly spared by the osteoporotic disease process. According to the human cadaveric study of Weiser et al,*
mean fatigue load at failure was 264.9 N for standard PSs and increased significantly to 324.7 N by the use of cortical
screws (P=0.014). This effect was particularly evident in reduced BMD vertebrae, rather than normal BMD.

CBT screws rely on four-point purchase between the dorsal cortex at the site of insertion, the medial and lateral
cortices of the pedicle wall, and the curvature of the vertebral body wall to maximize cortical bone contact to improve
purchase strength.'* Inaccurate placement may give rise to suboptimal fixation, even nerve injury. In our study, the
incidence of misplacement in CBT group was similar to the PS group. The narrow nail trajectory of CBT screws puts
higher demands on the technique of the surgeon. In terms of other surgical complications, such as durotomy, nerve-root
injury, and surgical site infection, no significant difference was found between our two groups.

Our study has some limitations. It was conducted only on patients undergoing single-level TLIF surgery, which means
the conclusions drawn may not be applied to subjects having multilevel fusion surgeries. The study was not blinded to the
surgeons because of its nature, which might have produced performance bias. Moreover, this was a single-institution
study, which may have led to some bias. Despite these limitations, the present study has some unique strengths. This is
the first clinical research study with a prospective randomized design to evaluate CBT-fixation outcomes in an
osteoporotic population. In our opinion, this study is meaningful in reporting 2-year follow-up outcomes, because it
provides a reference for further studies regarding CBT fixation in osteoporotic patients undergoing lumbar fusion surgery.

Conclusion

CBT-screw fixation for single-level lumbar fusion in patients with osteoporosis provided improvement in clinical
symptoms comparable to that of TLIF using PS fixation. In addition, statistically significant lumbar stability was
found in the CBT group. We suggest that CBT-screw fixation is a reasonable and superior alternative to PSs in TLIF
for osteoporotic populations.

Abbreviations

CBT, cortical bone trajectory; PS, pedicle screw; TLIF, transforaminal lumbar interbody fusion; VAS, visual analogue
scale; ODI, Oswestry Disability Index; JOA, Japanese Orthopaedic Association; BMI, body-mass index; BMD, bone-
mineral density.
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