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Introduction

Cortical bone trajectory (CBT), which was advocated by 
Santoni et al. in 2009, is a technique for posterior lumbar 
interbody fusion (PLIF) (1). The use of CBT has become 
widespread use because it is less invasive than other 
methods and it results in a solid fixation, as demonstrated 
by biomechanical studies (2-4). 

The purpose of PLIF is to reduce neurogenic and lumbar 

pain due to neural irritation and intervertebral instability. 
Whether the intervertebral fusion status correlates with 
clinical outcomes is controversial (5-7). However, solid 
fusion may be an important factor in achieving successful 
PLIF because nonunion could lead to screw loosening, 
implant failure, cage retropulsion, and revision surgery 
(2,8,9). Gender, age, osteoporosis, smoking, rheumatism, 
and steroid use have been all reported as factors associated 
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with nonunion after spinal fusion (7,9-14). Fujibayashi et al.  
also reported postoperative endplate cyst formation as a 
predictor of nonunion (15).

Sakaura et al. reported a better Japanese Orthopedic 
Association (JOA) score after CBT-PLIF than after 
conventional-PLIF and that CBT-PLIF tended to have a 
low bone union rate (16). Furthermore, although Kaito et al.  
reported an increased incidence of diffuse endplate cyst 
formation at three months after CBT-PLIF compared to 
conventional-PLIF, they also reported that the bone union 
rate at one year indicated no significant difference between 
conventional-PLIF and CBT-PLIF (17). However, to the 
best of our knowledge, the factors contributing to the bone 
union rate in CBT-PLIF are unclear. The aim of this study 
was to investigate radiographic factors that are important in 
bone union in CBT-PLIF. We present the following article/
case in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/jss-20-608).

Methods

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the Research Ethics Committee of Murayama 
Medical Center (receipt ID: 12-10) and individual consent 
for this retrospective analysis was waived. Sixty-nine 
consecutive patients (50 males and 19 females) who were 
treated with “single” level CBT-PLIF from October 2011 
to December 2016 were enrolled retrospectively in this 
study. The exclusion criteria were trauma, tumor, infection, 
and congenital disease. The mean age and standard 
deviation (SD) were 51.1±16.2 years (range, 24−81 years). 
The preoperative diagnoses were 29 cases of degenerative 
spondylolisthesis, 24 cases of lumbar central huge disc 
herniation, and 16 cases of degenerative disc disease. We 
followed all patients for at least 24 months (mean and SD 
31.6±9.17 months).

Surgical procedure

We exposed the surgical field by a midline incision 
and a spinous process splitting approach and preserved 
the adjacent cranial facet joint. The entry point of the 
CBT screw was made by a 2 mm high-speed drill under 
fluoroscopic support, in accordance with the technique of 
Matsukawa et al. (18). The direction of the CBT screw was 
set at 25°cranial and 10° lateral. The holes were expanded in 
two steps, using probes of different diameters, and pedicle 

marker pins were placed into the holes. The decompression 
and interbody procedures were then performed. The screw 
paths were tapped to the same size as those of the screws 
to be used, to prevent starting point fracture. Lastly, screws 
were inserted and rods were connected under compressive 
force. The SOLERA Spinal System (Medtronic Sofamor 
Danek) and MATRIX Spine System (Depuy Synthes) 
were used in 67 cases and two cases (mean diameter 5.59± 
0.47 mm, mean length 33.0±3.32 mm). The PEEK cage was 
CAPSTONE (Medtronic Sofamor Danek). The Ti cages 
were 30 TELAMON (Medtronic Sofamor Danek) and 2 
CFC (DePuy Synthes).

All patients were braced using a Damen corset or semi-
hard brace for three months after surgery.

Assessment of bony union 

The status of bony union was evaluated by computed 
tomography (CT) with coronal and sagittal reconstruction 
according to the classification described by Ito et al. [2010]. 
In grade 1, complete fusion is achieved with bone bridge 
formation between the upper and lower vertebral bodies. In 
grade 2, the bone bridge is not formed, with no translucency 
observed around the cages, and with thick fusion mass 
formation. In grade 3, fusion is not achieved, with 
translucency seen around the cages. In grade 4, the cage 
sinks into the vertebral body or there is bone resorption 
around cages indicating pseudo-arthrosis (19). More than 
3° of angular motion on flexion-extension in the radiograph 
was considered to indicate nonunion (15). Therefore, we 
defined bone union as (I) grade 1 or 2 on both sagittal and 
coronal CT-multi planer reconstruction image and (II) less 
than 3° of motion on flexion-extension in the radiograph. 

Risk factors

We examined the following factors for their relation to 
the occurrence of bone union: (I) age; (II) gender; (III) 
bone mineral density (BMD) (at femoral neck); (IV) cage 
materials [polyether-ether-ketone (PEEK) or titanium (Ti)]; 
(V) vertebral-slip (neutral; mm); (VI) translational motion 
(flexion/extension; mm); (VII) angular motion (flexion/
extension; degrees); (VIII) screw depth in the vertebral body 
(% depth) (Figure 1); (IX) interval of bilateral screw heads 
(mm), and; (X) cage position (Figure 2). Vertebral slip was 
measured as the displacement of the vertebral body on the 
adjacent level below in the anterior or posterior direction in 
the neutral radiograph. Translational motion was defined as 
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an anterior to posterior shift of the vertebral body between 
flexion and extension radiographs. Angular motion was 
defined as the angle of difference between each vertebral 
body in flexion and extension. The percent depth (% depth) 
was defined as the percentage of the screw length showed 
into vertebra in the axial CT (Figure 1). Cage position was 
categorized into two groups, depending on whether or not 
the anterior margin of the cage was at the most anterior 
quarter of the vertebra or not (Figure 2).

Statistical analysis 

Continuous variables were analyzed by a paired t-test. 
Categorical variables were analyzed by chi-square tests. 
To analyze independent risk factors of bone union, a 
multivariate logistic regression analysis was conducted by 
variables with P<0.20 in univariate analysis. All statistical 
analyses were performed by JMP version 11 (SAS, Cary, 
NC) and P<0.05 was considered statistically significant. 

Results

At two years post-operation, the bone union rate was 88.4% 
(61/69) of cases. 

Univariate analysis revealed that variables with P<0.20 
were age (P<0.01), gender (P=0.07), cage material (P=0.18), 

vertebral slip (neutral) (P=0.14), % depth (P=0.086), 
and cage position (P<0.01) (Table 1). Multiple logistic 
regression analyses were conducted with these variables 
and the following independent factors for bone union were 
identified: age [odds ratio (OR) =0.69, 95% confidence 
interval (CI), 0.37–0.88, P<0.01], Ti cage (OR =5.62×10–3, 
95% CI, 21.7–infinity, P<0.01), vertebral slip (neutral) 
(OR =0.18, 95% CI, 2.03×10–3–0.71, P<0.01), % depth 
(OR =1.41, 95% CI, 1.06–2.61, P<0.01), cage position (OR 
=4.61×10–3, 95% CI, 0–1.66×10–3, P<0.01) (Table 2).

In terms of the surgical technique, % depth and cage 
position were important factors for bone union after  
CBT-PLIF.

Discussion

In this study, we investigated bone union after CBT-PLIF 
using radiological assessment and evaluated factors that 
may influence bone union. Significant factors for successful 
bone union after CBT-PLIF were (I) young age, (II) small 
vertebral slip, (III) Ti cage material, (IV) deeper screw 
insertion into the vertebral body, and (V) an anterior cage 
position.

Previous studies reported a bone union rate of 70–82.8% 
using the conventional open technique (15,20), 87.5% using 
anterior lumbar interbody fusion with percutaneous pedicle 
screw technique (ALIF with PPS) (21), and 88.4% using 
the CBT technique (16). In this study, the bone union rate 
at two years after CBT-PLIF was 88.4% (61/69) of cases. 
Although the follow-up period and methods of evaluating 
bone union differed, this bone union rate was similar to 
those reported in other studies. 

Elderly patients showed poor bone union rates in this 
study. Generally, the bone strength of elderly patients is low, 
and there are the risks of failed spinal fusion associated with 
malnutrition, dementia, low activity, medical comorbidities, 
and osteoporosis. In particular, osteoporotic bone shows 
irregular trabeculae and insufficient mineral uptake, which 
may reduce bone strength and the promotion of bone  
union (14). However, our results showed that BMD (g/cm2), 
as measured by dual energy X-ray absorptiometry (DEXA), 
is not a significant factor affecting bone union. DEXA 
results are increased by degenerative change in bone, thus 
BMD measured by DEXA may have limitations in the 
assessment of bone (22). Recently, the Hounsfield unit 
(HU) scale has been suggested as useful for bone quality 
assessment and as a predictor of spinal surgery results in 
elderly patients (23,24). In future studies, an assessment 

Figure 1 Percent depth. Percent depth is defined as the 
anteroposterior length of screw (short double-arrowed line) in the 
vertebra divided by the anteroposterior length of vertebra (long 
double-arrowed line) multiplied by 100. Measurement data was 
obtained using computed tomographic axial images.
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Figure 2 Cage position. Cage position was categorized into two groups: (A) cages positioned with the anterior margin of the cage at the 
most anterior quarter of the vertebra and (B) cages positioned elsewhere.

A B

Table 1 Summary of univariate analysis of bone union

Variables Fusion Non-fusion P

Age 48.9±1.9 68±5.3 <0.01*

Gender (M;F) 47;14 3;5 0.07*

Fusion level 0.77

L1/2 0 0

L2/3 1 0

L3/4 3 1

L4/5 44 6

L5/S 13 1

BMD 0.71±0.02 0.74±0.05 0.58

Cage 0.18*

PEEK 31 6

Titanium 30 2

Vertebral slip (neutral, mm) 1.77±0.40 3.49±1.10 0.14*

Translational motion (anterior/posterior, mm) 1.21±0.22 1.99±0.60 0.23

Angular motion (flexion/extension; degrees) 10.9±0.7 9.7±2.0 0.59

Screw depth into the vertebral body (% depth; %) 28.5±1.4 21.2±3.9 0.08*

Interval of bilateral screw head (mm) 28.2±0.6 26.5±1.7 0.34

Cage position <0.01*

Anterior 1/4 44 2

Others 17 6

*, P<0.20. PEEK, polyether-ether-ketone.
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of HU in regards to bone union after PLIF should be 
performed.

This study showed that spondylolisthesis had less effect 
on less bone fusion. Hayashi et al. reported the relationship 
between the Modic type change and motion characteristics 
in the lumbar spine. They revealed that translational motion 
increased with Modic type 2 (25). Zhao et al. reported spinal 
instability associated with endplate disruption in a cadaveric 
study (26). Although translational and angulation motions 
were not significant factors for bone union in our study, we 
thought that potential instability and endplate fragility of 
spondylolisthesis might lead to less bone union. 

Although some studies reported an association between 
cage material and bone union, the influence of cage material 
on bone union is unclear (27,28). In the present study, at 
two years after single-level CBT-PLIF, the fusion rate of 
the Ti group was 93.7% and that of the PEEK group was 
83.7% (P=0.18). Although PEEK has a Young’s modulus 
similar to that of cortical bone (29), the surface profile of the 
PEEK cage has smaller teeth than that of the Ti cage (30).  
This suggests that the primary stability of the PEEK cage 
is inferior to that of the Ti cage because of insufficient 
anchoring to the vertebral endplate. Insufficient primary 
stability leads to micromotion between the cage and 
vertebral endplate, which may overcome the biomechanical 
superiority of the PEEK cage. In an in vivo study, more 
mature osteoblasts were observed on Ti than on PEEK (31). 
These results suggest that the biocompatibility of PEEK 
is inferior to that of Ti, and that the Ti cage may provide 
a more osteogenic surface for interbody fusion. Together, 
these results suggest that the Ti cage may be superior to 
the PEEK cage with regard to the fusion rate. In particular, 
because the anterior support of the vertebral body is the 

insufficient in CBT-PLIF compared to conventional PLIF, 
this characteristic and the insufficient primary stability of 
the PEEK cage might result in a poor bone union rate in 
addition to the inferior biocompatibility of PEEK.

Mckinley et al. reported that a short screw length into 
the vertebral body increases the intrapedicular moment (32).  
This suggests that insufficient screw depth leads to 
unsuitable load sharing for PLIF constructs. Using the 
original CBT technique, the screw tip is located locates in 
the posterior of the vertebral body (1). Therefore, support 
of the anterior of the vertebral body may be insufficient. 
In this study, deeper screw insertion into the vertebra 
contributes to bone union. Sufficient screw length can 
achieve effective load transmission, and potentially increase 
the bone union rate. However, deeper CBT screw insertion 
results in the screw trajectory approaching close to the 
pedicle axis. Matsukawa et al. evaluated screw insertion 
torque and screw position in screw fixation by the CBT 
technique (4). They found that maximization of screw 
contact with the lamina, which is rich in cortical bone, was 
important for rigid fixation. They described the optimum 
trajectory as (I) a starting point in the lower spot of the pars 
interarticularis; (II) the screw passing through the inferior 
border of the pedicle, and (III) the screw tip reaching 
from one-third to one-half of the posterior vertebral body. 
Therefore, we presumed that acquiring screw depth with 
an optimal cortical trajectory was ideal for fixation and 
a satisfactory bone union rate. However, fluoroscopic 
imaging or a navigation system is required to achieve an 
optimal cortical trajectory because it is difficult to insert the 
screw without guidance as performed using conventional 
techniques.

We revealed that an anterior cage position tended to 
result in a high bone union rate. Because the position of the 
screw tip by CBT technique is posterior compared to that 
of conventional pedicle screw techniques, anterior support 
of the vertebral body becomes insufficient. Thus, we 
thought that an anterior cage placement leaded to adequate 
load sharing for the vertebral body and increased the bone 
union rate. Our results suggest that cage position is a 
significant factor in bone union rates, and that an anterior 
cage position improves the bone union rate. 

Overall, our present results suggested that both deeper 
screw insertion in the vertebral body and anterior cage 
placement both improved mechanical load transmission and 
achieved a high bone union rate in CBT-PLIF. 

Our study has several limitations. First, this was a 

Table 2 Summary of multivariate logistic regression analysis of the 
bone union

Variables P OR 95% CI

Age <0.01* 0.69 0.37–0.88

Gender 0.59 2.59 0.07–201.32

Cage(Ti) <0.01* 5.62×10
–3

21.7–infinity

Vertebral slip <0.01* 0.18 2.03×10
–3

–0.71

% depth <0.01* 1.41 1.06–2.61

Cage position <0.01* 4.61×10
–3

0–1.66×10
–3

*, P<0.05. OR, odds ratio; CI, confidence interval.
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retrospective study. A randomized control study should 
be performed to compare the outcomes using Ti or 
PEEK cages with an adequate CBT technique. Second, 
the patients’ clinical outcomes were not assessed. Clinical 
outcomes are necessary for long-term follow-up. Further 
research is needed to confirm the relationship between 
clinical outcomes and bone union after CBT-PLIF. Third, 
differences in cage shape were not assessed. Cage angle and 
teeth shape may influence primary stability. It is necessary to 
investigate the effects of cage shape in order to understand 
differences in radiographic and clinical outcomes with 
CBT-PLIF using a single material cage. Fourth, patient 
age, clinical pathology, and fusion levels vary between 
subjects. Limiting the subject to a specific age range and 
inclusive clinical pathologies should lead to a more reliable 
investigation of factors associated with bone union.

Conclusions

Our results suggest that the following important technical 
points should be considered when using CBT-PLIF: 
(I) the screw should be inserted into the vertebra more 
anteriorly with sufficient cortical bone contact and (II) the 
cage position should be as anterior as possible. Using these 
methods, we are able to obtain adequate load sharing for 
the vertebral body, which may lead to an increased rate of 
successful bone union. Further, using a Ti cage may lead to 
a higher bone union rate than a PEEK cage.
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