
Objective 
Considering the advancement of bone graft substitution, the authors aimed to achieve clinical 
safety by simultaneously using one bioactive ceramic spacer (NovoMax) and a conventional poly-
etheretherketone (PEEK) cage at first use. We compared the results between different cages, even 
in the same disc space and to the control group using only conventional PEEK cages. 
Methods 
This retrospective analysis included data from patients who underwent posterior lumbar inter-
body fusion surgery between 2015 and 2017. The hybrid group (H group) included 19 patients 
with 21 lumbar disc levels, and the control group was defined as the PEEK group (P group), 
which included 16 patients with 18 disc levels. The degree of fusion was confirmed on computed 
tomography based on the fusion grade system and dynamic X-rays. We analyzed the fusion rate 
between the two groups using Cox proportional hazard model. 
Results 
There were 14 cases (72.2%) in Group P and 15 cases (71.4%) in Group H with confirmed com-
plete union during the observation period (p=0.62). The relative hazard of incomplete fusion 
with osteolysis in both the P and H groups was increased by 5.41 times (p=0.004, confidence in-
terval 1.704–17.204). In the H group, significant instrument-related complications, such as frag-
mentation, slippage, subsidence, and osteolysis were observed in the Novomax cage. 
Conclusions 
Using NovoMax could result in osteolysis, cage migration, fragmentation, or subsidence. The use 
of NovoMax is expected to be compatible for bone fusion surgery, but close attention should be 
paid to some problems that may accompany it. 
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INTRODUCTION 

Posterior lumbar interbody fusion (PLIF) is commonly used to 
prevent posterior column instability or nerve compression, related 
to spondylolisthesis, spinal stenosis, or traumatic injury. Compared 
with the posterior or posterolateral fusion method, PLIF is a bio-
mechanical method that disperses the working load to the anterior 
column of the vertebral body1-3). The inserted cage plays an im-
portant role as a spacer to expand disc height and prevent interver-
tebral foraminal stenosis4). Weight can be dispersed to the anterior-
ly positioned interbody cage, and it is the most potent method for 
augmenting intervertebral disc space. 

A degenerative disc can cause severe back pain, and interbody 
fusion can eliminate axial pain. Previously, an implant filled with 
autologous bone graft was used to facilitate intervertebral fusion 
and maintain disc height4,5). However, because harvesting autolo-
gous bone grafts causes several complications, various cages, com-
prised of carbon poly-ether-ether-ketone (PEEK) and titanium al-
loy, and intervertebral spacer substitutes, such as bioactive glass-ce-
ramics, have been studied6,7), and artificial implantation of the in-
tervertebral disc space has become the more conventional PLIF 
method4,5). Since the first experimental use of titanium or PEEK 
cages for human lumbar interbody fusion in the 1990s8,9), various 
interbody fusion cages have been used to promote fusion and 
maintain spinal alignment in lumbar interbody fusion surgeries9-11). 
This method has many advantages for recovering intervertebral 
disc height, improving impaired lumbar lordosis, and indirect de-
compression of the neural structure, and also allows the anterior 
column to transmit weight effectively4,8). In elderly individuals, fail-
ure of instruments, such as cage subsidence and screw loosening, 
and nonunion because of poor bone quality of autologous bone 
graft due to osteoporosis are great concerns after PLIF10). Biologi-
cal approaches to enhance bone quality and strength, including 
pharmacological, cell, and gene therapies, have been used12), and 
various improvements in implant materials and shapes have also 
been made10). The mechanical strength of ceramic spacers is twice 
that of hydroxyapatite13). Previous in vitro and in vivo studies 
showed that bioactive ceramic spacers possess high bioactivity and 
chemical bonding ability14) and have found that the fusion rates 
and clinical results of bioactive ceramic spacers spacers were similar 
to those of titanium cages, implying their safety15-17). The most 
conventionally used interbody fusion cage is a PEEK cage filled 
with autogenous bone into the disc space10 because the support-
ing force of the PEEK cage is more similar to that of cortical bone 
than a titanium cage18). and the titanium cage can cause subsidence 
because it has a stress shielding effect and elasticity differences18). 
Many scientists are working on new material fusion cage spacers, 

which can replace autologous bone spacers. Ideal interbody fusion 
cages have satisfactory mechanical hardness, accelerate bony fu-
sion, and are biologically harmless15), bone grafts. This autografted 
bone is typically obtained from the patient’s iliac crest or local bone 
found at the fusion site. However, since the autograft is taken from 
the patient, it is limited in volume and has the potential for associ-
ated donor site morbidity. Owing to these limitations, a variety of 
alternatives to autogenous grafts have been developed. 

For lumbar interbody fusion, intervertebral cages are commonly 
used with a bone graft, including autologous bone, allogenic bone, 
or bone graft extenders. Calcium phosphate ceramics, such as hy-
droxyapatite, beta-tricalcium phosphate, and beta-calcium pyro-
phosphate, have been considered bone graft extenders that acceler-
ate spinal bony fusion13,17,19). However, the bioactive bone graft ex-
panders are limitated due to their weak mechanical characteristics, 
including brittleness, poor fatigue resistance, and anisotropy13,19). 
Using only bioactive materials for lumbar interbody fusion gener-
ates severe weaknesses in the load-bearing features of the interver-
tebral space. To overcome these limitations, intervertebral spac-
er-coated bioactive ceramics can improve the mechanical strength. 
These bioactive glass-ceramics build apatite layers with the physio-
logical conditions of the bone. They chemically bond directly to 
the bone, which can enhance the bone-bonding strength16,19,20). 
Bioactive glass-ceramics are known to chemically bind to the bone, 
forming a carbohydroxy apatite layer. The CaO-SiO2-P2O5-B2O3 
(NovoMax, CGBio Inc., Seoul, Korea) bioactive glass-ceramic 
spacer improves the osteoblastic differentiation of human mesen-
chymal stem cells16) and enhances the osseointegration of implants 
when coating the surface21,22). Previous studies have shown that 
bioactive glass-ceramics could replace conventional titanium cages. 
NovoMax cages demonstrated similar lumbar fusion rates and clin-
ical outcomes compared to conventional cages5,15). Furthermore, 
some articles showed that NovoMax cages could be considered a 
novel intervertebral spacer to achieve successful spinal fusion with-
out safety concerns for long-term use5,15). As PEEK cages are more 
physiologically similar to natural bone than titanium cages18), we 
considered the control group as the one using peek cages. The au-
thors want to compare CaO-SiO2-P2O5-B2O3 (NovoMax) with 
the PEEK cage in terms of clinical efficacy and safety in patients 
that are widely used for PLIF surgery in the clinical field. For clini-
cal safety and considering the advancement of NovoMax, the au-
thors simulataneously used one bioactive ceramic cage and one 
conventional PEEK cage at the time of first use. This study com-
pared the results between different cages, even in the same disc 
space of the spine, and between patients receiving this hybrid mod-
el with those receiving only conventional PEEK cages. 
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MATERIALS AND METHODS 

Patient Selection 
The institutional review board approved this study, which was 

conducted at the Armed Forces Capital Hospital (AFCH-19-
IRB-033). This retrospective analysis included data from patients 
who underwent PLIF surgery in our hospital from 2015 to 2017. 
Informed consent was obtained from all patients who underwent 
PLIF surgery who agreed to use either a hybrid of one PEEK cage 
and one bioactive cage or PEEK cages prior to PLIF surgery. A to-
tal of 188 patients who underwent lumbar fusion surgery were en-
rolled in this study. The experimental group was defined as the hy-
brid group (H group), and was composed of patients who received 
a PEEK cage and a bioactive ceramic interbody spacer. The H 
group included 19 patients with 21 lumbar disc levels. The control 
group was defined as the PEEK group (P group); composed of pa-
tients who received only PEEK cages, and included 16 patients 
with 18 disc levels (Fig. 1). The patients who underwent PLIF sur-
gery in the hybrid group were treated with the bioactive ceramic 
interbody spacer, NovoMax (CGBio Inc., Seoul, Korea) and LP 
PEEK cages (Medyssey Inc., Chungcheongbuk-do, Korea). The 
patients in the P group were treated with two PEEK cages at the 
disc level. The indications for fusion surgery were as follows: (1) 
patients who had severe back pain due to severe degenerative disc 
change; (2) patients who had intractable radiculopathy due to her-
niated disc or severe foraminal stenosis; (3) instability caused by 
spondylolisthesis or traumatic burst fracture; and (4) postlaminec-
tomy syndrome. Exclusion criteria were anterior or lateral lumbar 
fusion surgery, circumferential fusion surgery, fusion due to malig-
nancy, or a follow-up period of less than three months. Patients 
with liver, kidney, or metabolic disease were also excluded. 

Surgical Procedure 
For the conventional PLIF approach, patients were placed in the 

supine position, and PLIF was performed using a pedicle screw Ili-
ad screw system (Medyssey Inc., Chungcheongbuk-do, Korea) and 
implantations. The surgery was performed by a single surgeon (SH 
Yoon) in the AFCH. After the midline incision and periosteal dis-
section, bilateral hemilaminectomy and removal of the superior 
auricular process at the target level were performed. Total discecto-
my was also performed. Only two PEEK cages were used in the P 
group. On the other hand, the H group used one PEEK cage and 
one NovoMax cage, one on each side of the fusion level. Implanta-
tion cage packing with an autologous bone chip and allograft bone 
was inserted. Pedicle screws and rods were inserted and assembled. 

Clinical and Radiologic Outcome Measurement 
At the outpatient clinical follow-up, the visual analogue scale 

(VAS) pain assessment was evaluated. Patients who underwent 
PLIF surgery underwent a serial radiologic follow-up at 1, 3, 6, 9, 
and 12 months with dynamic L-spine X-ray and L-spine CT every 
three months. The authors observed and analyzed the area of fu-
sion with the vertebral endplate by means of osteolysis and subsid-
ence of the implant cage. After one year of follow-up, radiologic as-
sessments were performed every six months. The patients were 
followed-up until complete fusion was achieved. 

To confirm bone union at the surgical site, the degree of fusion 
was confirmed on CT based on the fusion grade system proposed 
by Tan et al.23) As all CT scans were performed in 3D, confirmation 
of bone bridges in all coronal and sagittal directions was possible24). 
In this study, lumbar lateral dynamic radiography was performed 
to determine complete fusion when the Cobb's angle25) at the fu-
sion level was less than 3° and the change in the distance of the in-

◆ Lumbar Fusion surgery (n = 188) (2015-2017)
•  Degenerative Lumbar Disease (herniated disc disease, 

stenosis Spondylolisthesis, etc)
• Postlaminectomy syndrome
• Lumbar Vertebral Fracture

• Inclusion
✓ Posterior interbody fusion
✓ Below L2 level
✓ Follow up >3 months
✓ With CT and dynamic X ray image

Inserted with 2 PEEK cages
P group

(N = 16, 18 levels)

39 cases enrolled

• Exclusion
✓ Anterior & Lateral fusion surgery
✓  Anterior and posterior fusion 

surgery
✓ FU loss

Inserted with 1 NovoMax® & PEEK cage
H group

(N = 19, 21 levels)

Fig. 1. Study flow dia-
gram. Inclusion and ex-
clusion criteria are shown.
FU: Follow-up, PEEK: 
Poly-ether-ether-ketone, 
CT: Computed tomog-
raphy
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terspinous ligament was < 3 mm. 
CT images were used to monitor the extent of bone union, oste-

olysis, osteosclerosis, NovoMax fragmentation, cage slippage, and 
instrument failure around the union segment (Fig. 2). 

Statistical Analysis 
Statistical analysis was performed using IBM SPSS Statistics ver-

sion 21 (IBM, Armonk, NY, USA). The Kolmogorov-Smirnov test 
was performed for normality testing. Based on this result, the 
paired t-test was used for the parameter test to compare the two 
groups. The Mann–Whitney U test was performed to compare 
non-parametric continuous variables, and Fisher’s exact probabili-
ty test was used to compare categorical variables between the P 
and H groups. For the evaluation of clinical outcomes, the Wilcox-
on signed-rank test was performed to compare the two groups. 

Since the fusion was determined through regular observation, 
Kaplan-Meier survival analysis was performed to analyze the 
time-series change, and the relative risk of the fusion of risk factors 
was evaluated using the Cox proportional hazard model. The sig-
nificance level was set at p < 0.05. 

Result 

General Aspects 
This retrospective study was conducted from January 1, 2015, 

to December 31, 2017, on 39 (20.7%) of the 188 patients who 
met the inclusion criteria in a single institution (Fig. 1). The pa-
tients’ demographic and operative data for each group are shown 
in Table 1. The H and P groups demonstrated similar ages, pre-
medical history, and smoking history (Table 1). All patients in this 
study were male soldiers. There was a statistically significant differ-
ence in the mean age between the two groups (P group: 45.22 ±  
9.15 vs H group: 50.71 ±  4.78; p = 0.032) There was no signifi-
cant difference in the mean follow-up duration between the H 
group (31.25 ±  14.84 months) and the P group (24.56 ±  11.89 
months) (p = 0.118). Most patients (84.6%) in both groups un-

derwent PLIF surgery at the L4-5 and L5-S1 levels. The most 
common underlying diagnosis for PLIF surgery was postlaminec-
tomy syndrome in 20 cases (51.3%), followed by spondylolisthesis 
in 11 cases (28.2%), and spinal stenosis in 8 cases. 

Clinical and Radiologic Outcome 

Clinical outcome 
Patients pre- and postoperative low back pain level according to 

the VAS was 5.36 ±  1.04 and 1.62 ±  1.82, respectively. The pre- 
and postoperative VAS level of leg pain were 7.13 ±  1.10 and 2.00 
±  1.67, respectively. There were no postoperative deaths. One case 
in the H group experienced a postoperative infection; the screw 
was removed after complete fusion, and antibiotics were adminis-
tered intravenously and orally for 52 weeks. In groups P and H, 
worsening of lower extremity pain due to degenerative changes ad-

Fig. 2. Computed Tomograph images showing osteolysis (A), osteosclerosis (B), cage fragmentation (C), and slippage (D).

Table 1. Demographic data

Category P group H group p value
Age(year) 45.22 ± 9.15 50.71 ± 4.78 0.032
Sex
 Male 18 21
Follow up Period(month) 25.61 ± 12.30 31.19 ± 15.39 0.185
Height(cm) 175.06 ± 4.57 171.67 ± 5.01 0.048
Weight(kg) 82.28 ± 9.23 78.48 ± 13.30 0.297
Level of surgery
 L3/4 1 5
 L4/5 10 10
 L5/S1 7 6
Smoking
 Smoker 12 10
 Ex-smoker 5 3
 Current Nonsmoker 1 8
Comorbidity
 DM 4 1
 HTN 6 10

DM: Diabetes mellitus, HTN: Hypertension.

A B C D
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jacent to the fusion site was observed 2 and 2.5 years after the oper-
ation, and symptoms were improved by decompression and fusion 
surgery through fusion segment extension. 

Radiologic outcome 
The degree of fusion of each group was compared and analyzed 

according to the fusion fycriteria presented in the methodology. 
According to this analysis, there were 14 cases (72.2%) in group P 
and 15 cases (71.4%) in group H with confirmed complete union 
during the observation period. There was no statistical difference 
between the two groups when Fisher’s exact probability test was 
used (p = 0.62). During the observation period, osteolysis showing 
cystic changes in the endplate was observed in 9 cases (81.8%) in 
the P group and 21 cases (75%) in the H group; there was no sta-
tistical difference between the two groups when Fisher’s exact 
probability test was used (p = 0.153). Osteosclerosis, a change ob-
served as a high-density change on CT, occurred in most of the 
subjects (94.87%, 37/39), and cage subsidence occurred in eight 
cases in each of the two groups, but there was no difference in inci-
dence between the groups (p = 0.752). 

According to the Kaplan-Meier life table, the occurrence of com-
plete fusion was higher in Group H until approximately 22 
months, but was higher in Group P after 22 months (Fig. 3A). Us-
ing the occurrence of osteolysis as a covariate in the Cox propor-
tional hazard model, the relative risk of incomplete fusion in both 
P and H groups was increased by 5.41 times (p = 0.004, 95% CI 
1.704–17.204) (Fig. 3B, C). 

Complication related to instrument 
Implant-related complications occurred in both groups. Espe-

cially in the H group, significant failures were observed, such as 
cage subsidence, fragmentation and slippage. However, implant 
failure did not cause severe neurological deficits or instability of the 
fusion site. In addition, there were no revision surgeries related to 
the implant-related complications. 

During the long-term follow-up period, there were four instru-
ment failures related to screw and rod fixation. In the H group, two 
patients underwent revision surgery for posterior screw fixation 
because of screw or rod breakage at the fusion level. In the P group, 
a patient underwent a second operation due to screw breakage. 

Discussion 

This study comparing fusion outcomes between conventional 
PEEK and hybrid models revealed comparable outcomes. Some 
studies using bioactive ceramic cages have revealed a more com-
plete fusion outcome compared with that found in this study5,15). 

This difference in fusion outcome could be due to various reasons 
related to the PLIF surgery. The patients in this study used a bioac-

B

C

A

Fig. 3. Kaplan-Meier life table (A) showing complete fusion as sur-
vival rate through time course between Groups P and H. In the Cox 
proportional hazard model, complete fusion rate concerning occur-
rence of osteolysis between P group (B) and H group (C).
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tive ceramic cage on one side of the fusion level and a conventional 
PEEK cage on the other. This strategy may have a less potent effect 
on fusion. However, there is no strong evidence that hybrid cage 
usage is inferior to conventional ages because osteolytic or osteo-
sclerosis lesions were not found in the NovoMax cage side. As 
mentioned in previous studies5,15), if the bioactive cage accelerates 
bone fusion, the affected endplate margin near the bioactive ce-
ramic cage side could have more bony signal changes. However, 
there was no significant difference in the endplate change. 

Previous studies have shown that bioactive materials can acceler-
ate bony fusion in nearby cages; however, there was no significant 
complete fusion rate and period difference during the follow-up 
20,23). In our study, bioactive ceramic cages had more implant com-
plications, such as spacer migration, fragmentation, and subsid-
ence. Although this complication did not change the patient’s hos-
pital course, it could lead to critical complications, including fusion 
failure and compression of the thecal sac. Therefore, if a bioactive 
ceramic cage is used, careful serial image follow-up should be per-
formed. 

There are limitations inherent in this study. The total number of 
patients was smaller than that in the previous studies, and the fol-
low-up period was too short to confirm fusion in some of the pa-
tients. To overcome this pitfall, we analyzed this result with the Ka-
plan-Meier life table and Cox proportional hazard model to show 
the relative risk and probability of fusion over time. 

When NovoMax was used, bony fusion tended to progress 
more rapidly the first 22 months after surgery than with conven-
tional PEEK cages without a statistical difference; otherwise, af-
ter 22 months, the fusion was delayed. It is feared that the possi-
bility of non-union is somewhat higher after after 22 months. 
When accompanied by osteolysis, the probability of nonunion 
increased by more than 5.4 times in the Cox proportional hazard 
model. In this study, NovoMax and PEEK cages were used to-
gether at the same level, which was not very helpful when com-
paring superiority.  

Previous literature5,15) related to NovoMax did not mention the 
occurrence of osteolysis, osteosclerosis, cage slippage, and frag-
mentation. There is a lack of evidence on what to pay attention to. 
Through this study, some of the limitations and complications of 
this method were observed, which could enhance the surgical de-
cision process and perioperative care. 

It should be noted that owing to NovoMax’s material and mor-
phological properties, (ie., smooth and low-resistance surface) pa-
tients may experience breakage and pull out during the operative 
and follow-up periods. 

Conclusion 

In PLIF surgery, a bioactive glass spacer showed a fusion rate 
similar to that of PEEK cages. Using NovoMax could result in oste-
olysis, cage migration, fragmentation, or subsidence. However, it is 
worth remembering that these abnormal findings were not clearly 
reported in previous clinical trials. The use of NovoMax is expect-
ed to be an alternative to conventional interbody fusion with 
PEEK cages, but close attention should be paid to the problems 
that may accompany it as retardation of accomplishing complete 
fusion goes on. 
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