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Early Fusion Status after Posterior Lumbar
Interbody Fusion with Cortical Bone Trajectory
Screw Fixation: A Comparison of Titanium-
Coated Polyetheretherketone Cages and Carbon
Polyetheretherketone Cages
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Study Design: Retrospective cohort study.

Purpose: We recently reported that when compared to posterior lumbar interbody fusion (PLIF) using traditional pedicle screw fixa-
tion, PLIF with cortical bone trajectory screw fixation (CBT-PLIF) provided favorable clinical outcomes and reduced the incidence of
symptomatic adjacent segment pathology, but resulted in relatively lower fusion rates. Since titanium-coated polyetheretherketone
(PEEK) cages (TP) could improve and accelerate fusion status after CBT-PLIF, early fusion status was compared between CBT-PLIF us-
ing TP and carbon PEEK cages (CP).

Overview of Literature: A systematic review demonstrated that clinical studies at this early stage show similar fusion rates for TP
compared to PEEK cages.

Methods: We studied 36 consecutive patients undergoing CBT-PLIF with TP (TP group) and 92 undergoing CBT-PLIF with CP (CP
group). On multiplanar reconstruction computed tomography (MPR-CT) at 6 months postoperatively, vertebral endplate cysts (cyst
signs) were evaluated and classified as diffuse or local cysts. Early fusion status was assessed by dynamic plain radiographs and
MPR-CT at 1 year postoperatively.

Results: The incidences of cyst signs, diffuse cysts, and early fusion rate in the TP and CP groups were 38.9% and 66.3% (p<0.01),
16.7% and 32.6% (0=0.07), and 83.3% and 79.3% (p>0.05), respectively. Combining the two groups, 22 of 36 patients with diffuse
cysts had nonunion at 1-year follow-up, compared to only three of 92 patients with local cysts or without cyst signs (p<0.01).
Conclusions: Despite having fewer patients with endplate cysts at 6 months (a known risk factor for nonunion), the TP group had the
same fusion rate as the CP group at 1-year follow-up. Thus, TP did not accelerate the fusion process after CBT-PLIF.
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Introduction

Cortical bone trajectory (CBT) screw fixation has been re-
ported to have favorable mechanical properties [1-4]. We
recently reported that posterior lumbar interbody fusion
(PLIF) with CBT screw fixation (CBT-PLIF) provided bet-
ter postoperative improvement of clinical symptoms and
reduced the incidence of symptomatic adjacent segment
disease when compared to PLIF using traditional pedicle
screw fixation (PS-PLIF) [5]. However, in our previous
study, the fusion rate tended to be lower after CBT-PLIF
than after PS-PLIF, although there was no significant dif-
ference [5].

Polyetheretherketone (PEEK) has an elastic modulus
similar to cortical bone with the addition of carbon fiber
[6]. Unfortunately, PEEK is a bioinert material [6]. On the
other hand, the benefit of a titanium interface for PEEK
for cellular attachment and osteoblastic phenotype ex-
pression has been demonstrated by in vitro studies [6-8].
Moreover, titanium-coated PEEK (TP) has osteoconduc-
tive activity and increases shear strength in an idealized
model [9]. Therefore, since we expected that the TP cage
could improve and accelerate fusion status after CBT-
PLIF, we changed from the carbon fiber-reinforced PEEK
cage (CP cage) to the TP cage in January 2016. Thus, early
fusion status, including the incidence of vertebral endplate
cysts (cyst signs), was compared between CBT-PLIF using
TP and CP cages.

Materials and Methods

1. Patients

We studied 36 consecutive patients (19 men, 17 women;
mean age at surgery, 65.3 years; range, 37-83 years) who
underwent single-level CBT-PLIF with TP cages for de-
generative lumbar spondylolisthesis from January 2016
(TP group). Fusion areas were L3 to L4 in four patients,
L4 to L5 in 28, and L5 to S1 in four. The historical con-
trol group consisted of 92 consecutive patients (44 men,
48 women; mean age at surgery, 68.5 years; range, 42-85
years) who underwent single-level CBT-PLIF with CP
cages for degenerative lumbar spondylolisthesis before
December 2015 by the same surgeons as for the TP group
(CP group). Fusion areas were L1 to L2 in one patient,
L2 to L3 in one, L3 to L4 in 15, L4 to L5 in 71, L5 to L6 in
one, and L5 to S1 in three. All patients were considered

for surgery because of unresponsiveness to conservative
treatment, such as medication and/or epidural block.
Age at surgery, sex, and fusion area showed no significant
differences between the two groups. The protocol was ap-
proved by the Kansai Rosai Hospital ethics committee and
written informed consent was obtained from all partici-
pants.

2. Surgical procedure

In all patients from both groups, CBT-PLIF was per-
formed in the same manner. First, adequate posterior
decompression was performed. After intervertebral disc
materials were removed, two cages filled with local bone
graft were inserted into the bilateral outer sides of the in-
tervertebral space and two or three local bone blocks were
inserted medial to the cages. The fused segment was fixed
using the CBT screw-rod system (Fig. 1A, B). All patients
in both groups wore a thoracolumbosacral orthosis for 3
months postoperatively.

3. Clinical and radiologic evaluations

Clinical results were assessed using the Japanese Ortho-
paedic Association (JOA) scoring system for assessment

of low back pain treatment results by the first author (Table
1) [10]. The total JOA score is 29 points in the normal

Lt

Fig. 1. Radiographs 5 days after posterior lumbar interbody fusion with
cortical bone trajectory screw fixation using titanium-coated poly-
etheretherketone cages. (A) Anteroposterior view. (B) Lateral view in
the neutral position.
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Table 1. Japanese Orthopaedic Association scoring system for as-
sessment of the results of treatment for low back pain

Item Point range

Subjective symptoms (9 points)

Low-back pain 3,2,1,0
Leg pain and/or leg tingling sensation 3,2,1,0
Neurogenic intermittent claudication 3,2,1,0
Clinical signs (6 points)
Straight-leg-raising test 2,1,0
Leg sensory disorder 2,1,0
Loss in leg muscle strength 2,1,0
Restriction of activities of daily living (14 points)
Roll-over 2,1,0
Standing up 2,1,0
Face-wash 2,1,0
Hold leaning forward or standing 2,1,0
Prolonged sitting (about 1 hr) 2,1,0
Lifting or holding heavy object 2,1,0
Ambulation 2,1,0
Bladder function 0,-3,-6

Total” 29t0 -6

A normal total Japanese Orthopaedic Association score is 29 points.

population. Postoperative recovery rate of the JOA score
was calculated by the following formula: postoperative re-
covery rate (%)=(postoperative score-preoperative score)/
(29-preoperative score)x100.

At our institute, all patients undergoing PLIF routinely
underwent computed tomography (CT) at 6 months
postoperatively to examine PS loosening and cage subsid-
ence, and then again at 1 year postoperatively to assess
early fusion status. Using multiplanar reconstruction CT
(MPR-CT) at 6 months postoperatively, cyst signs were
evaluated and classified as diffuse (vertebral endplate cyst
larger than one-half of the entire length of an interverte-
bral cage) (Fig. 2A) or local (a localized, relatively small
vertebral endplate cyst) (Fig. 2B) by the first author [11].
Positive cyst signs were defined as circular or oval low-
density areas around the intervertebral cages on sagittal
reconstruction CT images, which had newly developed or
became enlarged postoperatively.

Early fusion status was assessed by dynamic plain radio-
graphs and MPR-CT at 1-year postoperatively by the first
author. Solid fusion was defined as the condition in which
osseous continuity between the vertebrae and grafted

Fig. 2. Sagittal computed tomography images at 6 months postopera-
tively. (A) A diffuse cyst is defined as a vertebral endplate cyst larger
than one-half of an entire length of an intervertebral cage (bold white
arrow). (B) A local cyst is defined as a localized, relatively small verte-
bral endplate cyst (thin white arrow).

bone was achieved on MPR-CT, with neither loosening of
the PSs nor motion at the fused segments on lateral flex-
ion-and-extension radiographs. Fusion status was graded
as either union in situ (solid fusion without loss of graft
height), collapsed union (solid fusion with >2-mm cage
subsidence into the adjacent vertebral body), or nonunion
according to the previously reported criteria [12].

4. Statistical analysis

The unpaired t-test, Mann-Whitney U-test, Wilcoxon
signed-rank test, Kruskal-Wallis test, and Fisher’s exact
probability test were used for statistical analysis with JMP
ver. 5.0.1 (SAS Institute Inc., Cary, NC, USA), as appropri-
ate. Values of p<0.05 were considered significant.

Results

1. Clinical results

The mean JOA score improved significantly, from 13.0
points preoperatively to 22.8 points, at 1 year postopera-
tively (mean recovery rate, 62.8%) in the TP group, and
from 13.9 to 23.7 points (mean recovery rate, 65.6%),
respectively, in the CP group (Table 2). There were no sig-
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Table 2. Clinical outcomes in the two groups (TP group and CP group)
Variable

JOA score before surgery (points)
JOA score at 1-year follow-up (points)
Recovery rate of JOA score at 1-year follow-up (%)

TP group (n=36)

CP group (n=92) p-value
13.0+4.4 13.9+4.5 0.496
22.8+4.97 23.7+3.67 0.342
62.8+26.7 65.6+21.6 0.550

Values are presented as mean+standard deviation.

JOA, Japanese Orthopaedic Assaciation, TP, titanium-coated PEEK cage; CP, carbon fiber reinforced PEEK cage; PEEK, polyetheretherketone.
“Significantly higher than before surgery (Wilcoxon signed-rank test, p<0.001).

Table 3. Cyst signs in the two groups (TP group and CP group)

Variable TP group (n=36) CP group (n=92) p-value
Total cyst signs 14(38.9) 61 (66.3) 0.00480
Diffuse cyst 6(16.7) 30(32.6) 0.0724
Local cyst 8(22.2) 31(33.7) 0.207

Table 4. Fusion status in the two groups (TP group and CP group)

Variable TP group (n=36) CP group (n=92) p-value
Total union 30(83.3) 73(79.3) 0.610
Union /n situ 25(69.4) 50 (54.3) 0.120
Collapsed union 5(13.9) 23 (25.0) 0.0845

Values are presented as number of cases (%).
TP, titanium-coated PEEK cage; CP, carbon fiber reinforced PEEK cage;
PEEK, polyetheretherketone.

nificant differences in preoperative JOA score, JOA score
at 1-year follow-up, and JOA score recovery rate between
the two groups (Table 2).

2. Cyst signs

At 6 months postoperatively, cyst signs were found in
14 of 36 patients (38.9%; diffuse in six, local in eight) in
the TP group, and 61 of 92 (66.3%; diffuse in 30 and lo-
cal in 31) in the CP group (Table 3). The total incidence
of cyst signs was significantly lower in the TP than in the
CP groups (Table 3). The incidence of diffuse cysts in the
TP group decreased to approximately half that of the CP
group, although no significant difference was found be-
tween the groups (Table 3).

3. Fusion status

At 1-year follow-up, union in situ, collapsed union, and
nonunion were achieved in 25, five, and six of 36 patients,
respectively, in the TP group, and 50, 23, and 19 of 92
patients, respectively, in the CP group. Thus, solid spinal
fusion was achieved in 30 of 36 (early fusion rate, 83.3%)
and 79 of 92 (early fusion rate, 79.3%) patients, respec-
tively (Table 4). The rate of collapsed union tended to be
lower in the TP than in the CP groups, although no sig-
nificant difference was found (Table 4). Altogether, early
fusion status at 1-year follow-up showed no significant

Values are presented as number of cases (%).
TP, titanium-coated PEEK cage; CP, carbon fiber reinforced PEEK cage;
PEEK, polyetheretherketone.

difference between the two groups (Table 4).

Combining both groups, 22 of 36 patients (61.1%) with
diffuse cysts had nonunion at 1 year postoperatively, com-
pared to only two of 39 (5.1%) with local cysts and only
one of 53 (1.9%) without cyst signs (p<0.01).

Discussion

We recently reported that single-level CBT-PLIF for de-
generative lumbar spondylolisthesis provided favorable
postoperative improvement of clinical symptoms and
reduced the incidence of symptomatic adjacent segment
disease compared to single-level PS-PLIF for the same
pathologic condition [5]. However, our previous study
showed that the fusion rate tended to be lower after CBT-
PLIF than after PS-PLIF, though there was no significant
difference [5]. Although a CBT screw demonstrates
greater fixation strength for each individual screw than a
traditional PS [1-3,13], biomechanical cadaver and finite
element studies revealed that the traditional PS-rods con-
struct is stiffer than the CBT screw-rods construct during
axial rotation and lateral bending [4,13]. Inferior stiffness
of the CBT screw-rods construct to that of the traditional
PS-rods construct during axial rotation and lateral bend-
ing may result in a relatively lower fusion rate after CBT-
PLIF than after PS-PLIFE. Therefore, we believe that CBT-
PLIF needs intervertebral cages that provide superior early
postoperative fixation strength and have osteoconductive
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activity to improve a successful fusion rate.

Currently, the most popular interbody cages for PLIF
are made of titanium alloys or PEEK. Titanium has os-
seointegration activity [14]. However, a significant disad-
vantage of titanium is the discrepancy in its elastic modu-
lus compared to bone, which potentially leads to stress
shielding and subsidence [7,14,15]. On the other hand,
PEEK has an elastic modulus similar to cortical bone with
the addition of carbon fiber, but its weakness is that it is
bioinert [6]. A comparative clinical study showed that the
fusion rate after transforaminal lumbar interbody fusion
with traditional PS fixation (PS-TLIF) using titanium
cages was superior to that following PS-TLIF using PEEK
cages [16]. On the other hand, another comparative clini-
cal study showed no significant difference in bone union
rate between PS-TLIF using titanium versus PEEK cages
[17]. Given these results, this issue remains controversial.

Most recently, TP cages that combine the favorable bio-
mechanical properties of PEEK and the bioactivities of
titanium have been available for PLIF. Some in vitro stud-
ies demonstrated the benefit of a titanium interface for
PEEK for cellular attachment and osteoblastic phenotype
expression [6-8]. In addition to these biological advan-
tages, TP has osteoconductive activity and increases shear
strength in an idealized model [9]. Since we expected that
TP cages could improve the successful early fusion rate
after CBT-PLIF based on these advantages, we changed
from CP to TP cages in January 2016. Therefore, early fu-
sion status including cyst signs was compared between
CBT-PLIF using TP and CP cages. However, in the pres-
ent comparative clinical study, the fusion rate at 1 year
postoperatively was not significantly different between the
TP and CP groups. A systematic review also has shown
that clinical studies at this early stage demonstrate similar
fusion rates for TP combined compared to PEEK cages
[18]. On the other hand, the rate of collapsed union in the
TP group decreased to approximately half that of the CP
group, although there was no significant difference be-
tween the groups. Kotsias et al. [19] also reported reduced
subsidence in the TP cage compared to the PEEK cage co-
horts after anterior cervical fusion. We speculated that TP
cages, which provide greater early postoperative fixation
strength than CP cages due to the titanium plasmapore
surface, could decrease a collapsed union rate by decreas-
ing micromotion on the interface between a vertebral
endplate and a cage. These results indicated that the TP
cages could potentially reduce subsidence.

Regarding cyst signs, the incidence of cyst signs is re-
portedly significantly higher after CBT-PLIF than after
PS-PLIF [11]. Biomechanical studies showed that the
CBT screw-rods construct has inferior stiffness compared
to the traditional PS-rods construct during axial rotation
and lateral bending [4,13]. This inferior stiffness of the
CBT screw-rods construct during axial rotation and later-
al bending can produce micromotion, which might result
in a higher incidence of cyst signs after CBT-PLIF than af-
ter PS-PLIE. Our study showed that a diffuse cyst is a sig-
nificant predictor of nonunion at 1 year after CBT-PLIE.
Similar results in previous reports support this finding
[16,17]. In this comparative study, the incidence of diffuse
cysts in the TP group decreased to approximately half that
of the CP group, although no significant difference was
found between the groups. Thus, TP cages, which provide
greater early postoperative fixation strength than CP cages
and have osteoconductive activity, may reduce the inci-
dence of diffuse cysts by approximately half that of the CP
group. On the other hand, the fusion rate at 2 years after
PS-TLIF was reportedly increased compared to that at 1
year postoperatively [16,17]. Considering these results,
although early fusion status at 1-year follow-up showed
no significant difference between the groups, we expected
that the fusion rate at 2 years postoperatively might in-
crease more in the TP than in the CP groups.

Our study has several limitations. The 1-year follow-up
period was relatively short. However, since TP cages could
accelerate the fusion process after CBT-PLIF, our purpose
was to compare early fusion status at 1 year postopera-
tively between CBT-PLIF using TP versus carbon PEEK
cages. This study was retrospective in nature. The osteo-
porosis status, which can affect fusion status after PLIF,
was not measured. The number of patients was much
smaller in the TP than in the CP groups. A further long-
term study including osteoporosis status with a larger TP
group will be needed.

Conclusions

In conclusion, clinical functional outcomes at 1 year after
CBT-PLIF showed no significant difference between the
TP and CP groups. Despite having fewer patients with
endplate cysts at 6 months (a known risk factor for non-
union) and cage subsidence, the TP group had the same
fusion rate as the CP group at 1 year. Thus, the TP cage
did not accelerate the fusion process after CBT-PLIF.
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