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Short-Term Clinical Result of Cortical Bone 
Trajectory Technique for the Treatment of 

Degenerative Lumbar Spondylolisthesis with  
More than 1-Year Follow-Up  
Kanji Mori, Kazuya Nishizawa, Akira Nakamura, Shinji Imai 

Department of Orthopaedic Surgery, Shiga University of Medical Science, Otsu, Japan  

Study Design: Retrospective follow-up study on the result of surgical treatment for patients with degenerative lumbar spondylolis-
thesis (DLS) using cortical bone trajectory (CBT) technique.
Purpose: To evaluate the capability of CBT to manage patients with DLS.
Overview of Literature: CBT is a recently advocated, novel, less-invasive technique of lumbar pedicle screw, which provides en-
hanced screw purchase by maximizing the thread contact with higher density bone surface. Despite the frequent use of CBT tech-
nique in the lumbar spine surgery, little is known of the capability of this technique to manage patients with DLS.
Methods: Thirty two consecutive patients (5 males, 27 females) surgically treated with single-level DLS in our institute using CBT were 
included. All patients were followed up at least 12 months (mean 24 months). Their clinical and radiological features were measured. 
Results: Good leg pain relief was achieved in all patients. The mean postoperative percentage slip demonstrated significant reduc-
tion with significant neurological recovery when compared with preoperative percentage slip, and it was maintained until the latest 
follow-up. Loss of correction of more than 3 mm during the follow-up period was observed in 3 cases. Surgical site infection was ob-
served in one case; however, pull-out of PSs or neurological deterioration was not found. No patient needed additional surgery during 
the follow-up period.
Conclusions: These preliminary results confirmed that CBT is useful for the treatment for patients with DLS. This technique allows 
good reduction of spondylolisthesis and neurological improvement. 
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Introduction

Cortical bone trajectory (CBT) is a recently advocated 
technique of lumbar pedicle screw (PS) trajectory [1]. 
This novel technique achieves maximum contact with the 
cortical bone through the pedicle to the vertebral body by 

a new trajectory that follows a caudal-to-cephalad path 
in the sagittal plane and a medial-to-lateral directed path 
in the transverse plane (Fig. 1). Its medial screw entry 
point allows minimal soft tissue dissection compared with 
the traditional trajectory (TT) technique. CBT increases 
screw purchase with reduced invasiveness [1,2]. 
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Despite the wide-spread indication of the CBT tech-
nique in thoracolumbar spine surgery [3-5], most reports 
concerning CBT were biomechanical evaluations [2,6,7] 
or technical notes [3-5]. No study has exclusively evalu-
ated the capability of this technique to manage patients 
with degenerative lumbar spondylolisthesis (DLS). In the 
present report, we evaluated the capability and short-term 
results of this novel CBT technique for the treatment of 
patients with DLS, especially from the point of view of ef-
fective reduction of slipped vertebra.

Materials and Methods

Thirty two consecutive patients (5 males, 27 females) with 
single-level DLS in our institute using the CBT technique 
from August 2012 to May 2014 were included. All patients 
were followed up at least 12 months (mean 24 months). 
Mean age at the time of surgery was 68 years (range, 
51–84 years). Levels of DLS were L3 in 10 cases and L4 in 
22 cases. Twenty patients were Grade I and 12 were Grade 
II according to the Meyerding criteria [8]. Indication of 
surgical treatment was neurological compromise, inter-
mittent claudication, and/or intractable lower leg pain 
with or without low-back pain after adequate conservative 
treatment. Our Institutional Review Board approved this 
study.

1. Surgical procedure

All procedures were done by two experienced spine sur-

geons (K.M. and K.N.). Briefly, after exposure of laminae 
by spinous process splitting, neural decompression with 
bilateral total facetectomy was done to achieve wide expo-
sure of the disc space and the neural elements to prevent 
possible nerve root impingements, while preserving the 
area PS entry. Solera PSs with a diameter of 5.5 mm and 
length of 35–40 mm (Medtronic, Memphis, TN, USA) 
were placed under fluoroscopy guidance by CBT as de-
scribed previously [2,4] with slight modifications. Briefly, 
the upper corner of the vertebra in the anterior-posterior 
view and upper endplate of the posterior one-third area 
was targeted to gain significant medial-to-lateral and 
caudal-to-cephalad angle under fluoroscopy control. The 
screw length was measured by a probe inserted along with 
screw trajectory.

Reduction screws were used for slipped vertebrae. 
Subsequently, the total discectomy consisted of excision 
of the anulus and cartilaginous end plate was performed 
as much as possible, whereas the osseous end plate was 
preserved. Interbody fusion was then performed by plac-
ing the polyetheretherketone (PEEK) cage(s), which were 
filled by bone chips that had been trimmed from the 
resected local bones. In the first 10 cases in this series, 
one boomerang-type Milestone PEEK cage (Medtronic) 
was used. The OIC PEEK two box-type cages (Stryker, 
Kalamazoo, MI, USA) were used subsequently. Bilateral 
rods were fixed PSs inserted to caudal vertebra first, and 
then the slipped vertebra was gently lifted by tightening 
the bilateral rods towards the reduction screws inserted 
to the cranial slipped vertebra. The PSs were compressed 

Fig. 1. Screw trajectories of traditional trajectory (TT, black arrows) and cortical bone trajectory (CBT, red broken arrows) tech-
nique. CBT follows a laterally directed (medial-to-lateral) path in the coronal (A) and axial (C) plane and caudal-to-cephalad path 
in sagittal (B) plane.
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to restore the natural lumbar lordosis. Finally, the system 
was reinforced by cross-linkage and completed posterior 
lumbar interbody fusion (PLIF). A representative case is 
shown in Fig. 2. A canvas corset was worn for 2 months 
after the surgery.

2. Neurological assessments

To evaluate the neurological condition of each patient,  
Japan Orthopaedic Association (JOA) score (range, 0–29) [9]  
was employed. Preoperative, postoperative (one month 
after the surgery), and latest follow-up JOA scores were 
assessed. 

3. Radiological assessments

The magnitude of spondylolisthesis was determined ac-
cording to prior criteria [8] and the Taillard procedure 
[10]. Preoperative, postoperative, and latest follow-up 
percent (%) of slip were measured. In turn, lumbar lor-
dosis (LL, in degrees) at L1 to S1, and lordosis at fused 
segment (focal lordosis, FL) were determined in relaxed 
standing position standard radiographs [11]. More than 3 
mm of sagittal translation in lateral standard radiographs 
of lumbar spine were considered as a loss of correction. 
Apparent nonunion at the time of 12 months after the sur-
gery was determined as more than 3 degrees of rotational 
instability at the fused segment in dynamic (flexion-ex-
tension) lateral standard radiographs of lumbar spine, and 
an obvious clear zone around PSs or cage(s) on computed 
tomography (CT).

4. Complications

Intra- and postoperative complications such as pedicle 
fractures, dural tear, nerve injury, surgical site infection 
(SSI), and neurological deterioration were evaluated.

5. Statistical analysis

Paired t-test was used for statistical analysis. Results are 
expressed as mean±standard deviation. A p<0.05 was con-
sidered as statistically significant. The software application 
used for the analysis was SPSS ver. 22 (SPSS Inc., Chicago, 
IL, USA).

Results 

Good leg pain relief was achieved in all patients with-
out neurological deterioration. The mean postoperative 
(25±2.0) and latest follow-up JOA scores (25±1.8) were 
demonstrated significant recovery when compared with 
the mean preoperative scores (12±4.9) (Table 1). 

The mean postoperative % slip (2.7%±4.8%) demon-
strated significant reduction when compared with preop-
erative % slip (23%±5.2%) (p<0.01). This good reduction 
of slipped vertebrae was maintained until the time of 
latest follow-up (3.8%±6.7%). In turn, preoperative mean 
LL (26±10 degrees) and FL (3.0±6.2 degrees) were sig-
nificantly restored to 40±10 degrees and 10±5.3 degrees, 
respectively, and were maintained until the latest follow-

Fig. 2. Preoperative (A, B) and postoperative (C, D) standard radio-
graphs of 62-year-old female patient with L4 degenerative lumbar 
spondylolisthesis. Standard radiographs, made 2 years postoperatively, 
show the good reduction of spondylolisthesis as well as improvement 
of the lumbar lordosis and focal lordosis of the fused segment.
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up (LL, 37±11 degrees; FL, 9.6±5.8 degrees) (Table 1).
Loss of correction was observed in 3 cases (9.4%). How-

ever, loss was not associated with clinical symptoms (Fig. 
3). All 3 cases developed loss of correction within one 
month after the surgery; however, bone fusion was con-
firmed 1 year after surgery. SSI was observed in one case 
that was completely recovered by one-time debridement 
and antibiotic therapy without removal of the implants. 
Pull-out of PSs and pedicle fracture were not found. At 
the 12-month follow-up, 3 cases (9.4%) of apparent non-
union were evident, i.e., clear zone around cages on CT. 
They were not associated with clinical symptoms or loss of 
correction. No patient needed additional surgery during 
the follow-up period.

Discussion

The present study reveals that CBT technique is useful 
to reduce slippage of vertebrae and to maintain the re-
stored alignment with significant neurological recovery 
for at least 12-months (mean 24-months) postoperatively. 
Loss of correction exceeding 3 mm during the follow-up 
period was observed in 3 of the first 10 cases. Apparent 
loosening of PS was not found in these cases. Follow-up 
CT 1 year from surgery revealed bone fusion with cage 
malposition. Cage malposition due to our technical error 
(osseous endplate violence during the cage placement) 
was the most likely cause of the loss of correction (Fig. 3). 
Subsequently, we used two box-type cages with careful 
cage positioning and did not encounter this problem. Ap-
parent nonunion at 12 months after the surgery evident 
as a clear zone around cages on CT was found in 3 cases 
(9.4%). However, this was not associated with clinical 
symptoms or loss of correction. 

It is difficult to directly compare the nonunion rate of 
the present study with other results because universally 

Fig. 3. Preoperative (A, B), postoperative (C) and 1-month follow-
up (D) standard radiographs of a 78-year-old female patient with L4 
degenerative lumbar spondylolisthesis. Postoperative standard radio-
graphs show good reduction of spondylolisthesis as well as overt cage 
malposition (C). Standard radiographs, made 1 month postoperatively 
show significant loss of correction with cage subsidence (D).
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Table 1. Neurological and radiographic details of the patients

Variable
JOA score % Slip (%) LL (°) FL (°)

Pre-op Post-op Last FU Pre-op Post-op Last FU Pre-op Post-op Last FU Pre-op Post-op Last FU

Mean 12 25 25 23 2.7 3.8 26 40 37 3.0 10 9.6

SD 4.9 2.0 1.8 5.2 4.8 6.7 10 10 11 6.2 5.3 5.8

p-value - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001 - <0.001 <0.001

 JOA, Japan Orthopaedic Association; LL, lumbar lordosis; FL, focal lordosis that indicates lordosis at fused segment; Pre-op, preoperative; Post-op, 
postoperative; Last FU, latest follow-up; SD, standard deviation.
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approved radiological criteria for interbody fusion have 
not been established. However the nonunion rate in the 
present study appears relatively high compared to PLIF 
by TT technique, which nears 100% [12,13]. Three cases 
(9.4%) with nonunion fulfilled one nonunion criterion 
(clear zone around cages on CT) 12 months after the 
surgery. The clear zone around cages evident on CT is a 
hot topic in this field. The possible impact of the PEEK 
cage on the clear zone around cages was advocated, even 
though we used the TT technique [13]. However, the 
precise mechanism remains unknown. Further studies 
are warranted to elucidate the cause of clear zone around 
cages. We continue careful follow-up of our patients to see 
whether complete bony fusion develops or not.

The optimal surgical treatment of DLS has not been 
established yet. Decompression surgery without spi-
nal fusion has achieved good clinical results in patients 
with DLS [14,15]. However, it is not always indicated for 
patients with DLS [16]. A variety of factors including 
instability and/or disc degeneration of the level of spondy-
lolisthesis, spinal alignment, and severity of spinal canal 
stenosis can be present. Appropriate surgical treatments 
including spinal fusion surgeries should be indicated. 

Spinal balance, especially sagittal balance, is an impor-
tant issue for spinal surgeons. Several authors suggested 
that correction of sagittal imbalance plays a critical role in 
short- and long-term outcomes in adult spinal deformity 
[17,18]. A positive correlation between improved local 
lordosis at the fused segment due to the reduction of slip-
page and recovery rate of JOA score of the patients with 
DLS managed by posterolateral fusion has been described 
[16]. Restored sagittal balance contributes to good clinical 
outcomes in patients with DLS [12,19]. In addition, a very 
recent literature review advocated the significant relation-
ship between sagittal balance and clinical outcomes in 
surgical treatment of degenerative spinal diseases includ-
ing DLS [20].

Biomechanical studies using cadaveric spines have 
shown that local sagittal alignment of fused segment after 
lumbar fusion surgery appreciably influences the adja-
cent levels [21,22]. Evaluation of the motion of adjacent 
segments after L4/5 fusion in different sagittal alignment 
revealed that hypolordortic alignment at L4/5 yielded 
significantly greater flexion-extension motion at L3/4 
compared with intact specimen, in situ or hyperlordortic 
fixation [21]. In turn, hyperlordortic alignment at L4/5 
yielded significantly greater flexion-extension motion at 

L5/S1 compared with intact specimen but not in situ or 
hypolordortic fixation. Hypolordosis in the instrumented 
segment can cause increased loading of the posterior col-
umn of the adjacent segments [22]. These clinical and ba-
sic findings suggest that we have to pay serious attention 
to gain appropriate sagittal balance when performing spi-
nal fusion surgeries. In the present study, we could restore 
both LL and FL by PLIF with the CBT technique.

Alternatively, PSs are the most common and reliable 
tools for the correction of the spinal deformities as well as 
spinal fusion. However, screw loosening is a well-known 
unresolved problem, especially in patients with osteopo-
rosis [1,23]. CBT has enhanced screw purchase due to its 
unique screw trajectory promising maximum contact of 
screw with higher-density bone regions [6,7]. A cadaveric 
biomechanical study revealed a 30% increase in uniaxial 
pullout load of CBT compared with that of the TT [1]. 
Furthermore, the CBT technique has significantly supe-
rior resistance to craniocaudal toggling, which simulates 
more physiological condition than uniaxial pullout test, 
compared with that of TT [7]. An in vivo study evaluated 
the final insertional torque [6], which is a good indicator 
of initial screw stability [24,25] and pullout strength [25]. 
CBT produced a 2-fold higher insertional torque than TT 
[6]. 

In patients with osteoporosis, cortical bone is relatively 
preserved [26]. In turn, the bone density of the CBT path-
way is significantly high [1]. Accordingly, the CBT tech-
nique may be most advantageous in patients with poorly 
trabeculated osteoporotic bone [6,7]. It is well-known that 
most of patients with DLS who need surgical treatment 
are elderly females. In the present study, 27 of 33 patients 
(82%) were females with a mean age at the time of surgery 
of 69 years. CBT also has the other several advantages 
over TT that include safety and reduced invasiveness [6,7]. 
Taking all these findings into account, it is rational to pre-
fer the CBT technique for the surgical treatment of DLS. 

A hybrid technique of CBT was recently reported for 
cranial slipped vertebra, whereas TT for caudal non-
slipped vertebra is used for the treatment of DLS [5]. Al-
though the study involved a small number of cases (n=6) 
with only a 3-month follow-up, the authors described that 
the CBT screwing produced sufficient holding power of 
the slipped vertebrae [5]. 

To the best of our knowledge, the present study is the 
first report of genuine CBT technique indicated for the 
management of patients with DLS. Even though the pres-
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ent study is also preliminary, with mean 24-month (mini-
mum 12-month) follow-up, we found that this technique 
is useful for the treatment of DLS. 

Limitations of the present study are the short follow-
up, limited number of cases, and the lack of a control arm. 
However, since the CBT technique is a newly-advocated 
procedure, middle- and long-term results remain to be 
assessed. Longer follow-up studies are therefore needed to 
elucidate the clinical utility of the CBT technique.

Conclusions

These preliminary results indicate the value of the CBT 
technique for the treatment of the patients with DLS. This 
technique allows an effective reduction of slipped vertebra 
and neurological improvement.
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