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￭  ABSTRACT
Objective:

To perform radiographic evaluation of fusion associated with the 
STALIF C-Ti™ Integrated Interbody™ spinal cage (CENTINEL 
SPINE) in anterior cervical discectomy and fusion (ACDF) 
procedures.

Methods:

All patients had undergone anterior cervical discectomy and fusion 
(ACDF one and two levels), utilizing the STALIF C-Ti device. Data 
comprised of patients undergoing the procedure from November 
2014 to September 2015, with an average imaging follow up of 
3.5 months. The same surgeon at the same institution performed 
all procedures. Fusion criteria was assessed by thin-cut CT scans 
with multi-modal reconstructions. An independent board certified 
neuroradiologist read all images, and fusion was assessed on a grade 
1-5 scale.

Results:

Ten total patients were included in the study with an average age 
of 48. The break-down of levels operated on was 6 one-level and 4 
two-level procedures. All fusion assessments were done with thin-cut 
CT scans, and grade 5 fusion was observed in seven of the patients, 
and grade four fusion was observed in 3 patients. Average time post-
postoperatively to reach full fusion was 3.5 months

Conclusion:

The STALIF C-Ti cervical fusion device promotes better fusion in 
ACDF patients due to its titanium coating. Full fusion was observed 
post-operatively in a shorter follow up period as compared to ACDF 
with a traditional PEEK® cage that does not have a titanium coating. 

FIGURE 1: Image of STALIF C-Ti cervical Integrated Interbody spinal cage. Note 
that the superior and inferior surfaces of the STALIF C-Ti cage are coated with a 
thin layer of commerically pure titanium applied via plasma spray.
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￭  INTRODUCTION
Spinal fusion surgery is a common procedure used to address 
damage to the spine caused by degenerative disc disease, trauma, 
and spinal tumors. Damage to the intervertebral discs can injure the 
spinal cord through free movement and slippage of the protecting 
vertebrae (such as in spondylolisthesis) and/or lead to stenosis and 
consequent pinching and damage to the nerve roots, which may 
necessitate an anterior discectomy and fusion (ACDF) procedure. 

The main instrumentation used in ACDF procedures is the spinal 
cage, a porous housing that supports the load of the spine and 
contains a bone graft that facilitates bony fusion between vertebrae 
for repair of degraded discs. Spinal cages can be made of a number 
of materials, including stainless steel, cadaver bone, ceramics, 
and more commonly titanium and PEEK (polyetheretherketone). 
Advancements in spinal implants seek to develop the device that will 
best stabilize the spine to promote osseous fusion, without damaging 
the spinal cord or the vertebrae.

In ACDF applications, titanium spinal cages were highly regarded 
for their load bearing capacities, but they have a modulus of elasticity 
much greater than that of bone, which can lead to stress shielding 
and/or subsidence of the cage into the inferior vertebra, ultimately 
leading to damage of the bone.1 Since approved for use for surgical 
application in the 1990’s, PEEK implants have exhibited several 
advantages in ACDF procedures as compared to their titanium 
counterparts. PEEK spinal cages have a modulus of elasticity similar 
to that of cortical bone, which greatly decreases the incidence of 
stress shielding and cage subsidence.2 Furthermore, PEEK cages are 
radiolucent, which allows for visualization to assess post-operative 
fusion as compared to radiopaque titanium implants.3 PEEK is also 
an inert polymer which has shown no cytotoxic effects on the spinal 
cord or nerve roots, making it a safe option for ACDF applications.4

Interestingly, this lack of bioactivity of PEEK may, in fact, be its 
shortcoming. A successful ACDF is determined by full fusion 
throughout the intervertebral space, but studies have shown a 
lack of adhesion in osteoblastic cells to PEEK implants.5 The 
inertness and hydrophobicity of PEEK may lead to this decrease in 
osteoblastic compatibility.6, 7 The most recent attempts in enhancing 
the spinal implant are to make PEEK bioactive. Several methods 
have been studied such as chemical alteration, plasma treatment, or 
combination with bioactive ceramics.8 One such advancement is to 
coat the surface of the PEEK spinal cage with titanium. 

An ideal spinal implant would allow osteoblasts to adhere and 
proliferate on the surface of the device.9 By adding a titanium 
coating to the superior and inferior surfaces of the PEEK cage, 
hydrophilicity is being reintroduced onto the surfaces of the device 
that come into contact with bone. This increase in hydrophilicity has 
been shown to enhance the biocompatibility of PEEK implants and 
improve adhesion of osteoblastic cells to the device.5, 10 Furthermore, 
titanium coated PEEK has been shown to increase proliferation, 
differentiation, and adhesion in MC3T3-E1 pre-osteoblastic cells as 
compared to PEEK alone.5

The purpose of this study is to evaluate the enhancements of 
titanium coated PEEK in a clinical setting by assessing fusion rates 
in patients who have undergone anterior discectomy and fusion with 
the STALIF-C Ti interbody fusion device. 

￭  METHODS
For this study all patients underwent anterior cervical discectomy 
and fusion between November 2014 and  July 2015. The same 
surgeon in the same institution performed all procedures with 
an integrated fusion device (STALIF C-Ti. CENTINEL SPINE, 
Inc., West Chester, PA, USA). The STALIF C-Ti combines a 
polyetheretherketone (PEEK) interbody cage with 3 cancellous lag 
screws to provide fixation with the adjacent vertebral bodies, along 
with a titanium spray coating on the superior and inferior surfaces, 
which are meant to come in contact with the adjacent vertebrae.11

All fusions were evaluated postoperatively with thin-cut computed 
tomography (CT) with sagittal and coronal reconstructions, all read 
by the same independent board certified neuroradiologist. Rate of 
fusion was assessed on a grade 1-5 scale, with one representing no 
fusion and 5+ representing full fusion along with ankylosis visible 
outside the confines of the cage. Time to reach full fusion for each 
patient was recorded. CT examinations were obtained on average 3.5 
months postop, as compared to the more routine 6 month mark in 
prior evaluations.
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FIGURE 2: CT images of cervical interbody fusion with STALIF C-Ti at 3.5 months 
post-operative. Figure 2A shows anterior/posterior image of STALIF C-Ti clearly 
showing the superior and inferior titanium-coated contact surfaces. Figures 2B - 
2D show bone graft formation visualized in the cage graft window.
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￭  DATA
Radiographic data was collected for 10 patients with a mean age 
of 48 who underwent ACDF with the STALIF C-Ti spinal cage. 
Breakdown of procedures by level was 6 one-level procedures and 4 
two-level procedures. Successful fusion was determined as resulting 
in Grade 4 or Grade 5 fusion. All patients appeared to be fused on 
CT examinations (7 Grade 5, 3 Grade 4) with a mean time post-
operatively as discussed above at 3.5 months (Figure 2). Moreover, 
bone graft formation was visualized outside the cage confirming 
fusion/healing (Grade 5+) (Figure 3). This pattern of bone growth 
was often observed in much further delayed imaging time periods 
(~9-12 months). Moreover, no patients required revision surgery or 
displayed signs of implant failure.

￭  DISCUSSION
In the present study, post-operative time to reach full fusion was 
on average 3.5 months with the STALIF C-Ti, whereas procedures 
performed with the STALIF C® by the same surgeon averaged 
approximately 5 months postoperatively to reach full fusion 
(submitted paper). This supports the claim that a PEEK implant with 
a titanium coating will be more biocompatible than the PEEK cage 
alone, leading to better fusion. Furthermore, the early graft formation 
observed around the cage suggest the improved cell migration 
capabilities of the titanium coated implant.

Multiple studies have been conducted in the past to assess the 
improved biocompatibility of a PEEK implant coated with titanium, 
however, to the best of the research team’s knowledge, the present 
study is the first which assesses the radiological outcomes of such an 
implant for spinal fusion in a clinical setting. Past in vitro studies 
indicated a greater proliferation and differentiation of pre-osteoblastic 
cells when exposed to titanium coated PEEK as opposed to PEEK 
alone.5 This supports the shorter time observed to reach full fusion 
in the patients who had undergone ACDF with the STALIF C-Ti. In 

vivo studies in the past have shown increased osteoconductivity and 
osteoblastic cell adhesion,5, 10 which, in conjunction with results from 
the current study, support fuller fusion throughout the intervertebral 
space with a titanium coated PEEK implant. 

Interestingly, with the application of a titanium coating on the 
superior and inferior surfaces of the spinal cage, the contact 
between the spinal cage and the vertebral endplate can be visualized 
due to titanium’s radiopacity.11 This would allow radiologists to 
postoperatively assess the fixation of the cage to the adjacent vertebrae 
as this is necessary for better fusion. Furthermore, better integration 
with the adjacent vertebrae is expected to be seen since the titanium 
coating reintroduces hydrophilicity to the surfaces in contact with the 
bone, allowing for better adherence to osteoblastic cells.5, 12

In a clinical setting, the enhanced outcomes that are evident with 
a titanium coated implant may improve the post-operative recovery 
time for patients, as well. At the institution where this study was 
conducted, all patients are instructed to wear collars post-operatively 
to stabilize the spine to allow full fusion to occur. With full fusion 
reached much more quickly in patients who had undergone the 
procedure with a titanium coated implant, this may imply less time 
in a collar for the patient during recovery.

This review supports several advantages of adding a titanium coating 
to a PEEK spinal implant, while also maintaining the advantages of a 
traditional PEEK implant. The implant is still primarily of PEEK, so 
its elastic modulus is still similar to that of cortical bone with a lower 
incidence of stress shielding or subsidence of the cage.13 The body of 
the cage is still radiolucent, allowing for assessment of bony fusion 
following implantation, and lastly the spinal cage still maintains the 
load bearing properties of a traditional PEEK cage. 

The limitations present in this study is the small sample size and 
the absence of a statistical comparison. By extending this study and 
collecting more fusion data for patients undergoing ACDF with 
the STALIF C-Ti, post-operative time to reach full fusion may be 
statistically compared with previous data from studies done at the 
same institution with patients who had undergone ACDF with the 
STALIF C cage without the titanium coating, as well as standard 
plate and cage constructs. A statistical comparison would better 
support the advantages of the spinal implant with a titanium coating. 
However, this study presents a well-controlled data series, as a single 
surgeon performed all procedures and a single neuroradiologist read 
all imaging. There is extensive literature evaluating the effects of 
titanium on improving the osteoconductivity and osseointegration 
of the PEEK implant by reintroducing a hydrophilic environment 
in in vivo and in vitro studies. This study, however, offers clinical 
evidence of these devices in use, which succeeds in supporting the 
claims made by these past studies.

FIGURE 3: CT image of cervical interbody fusion with STALIF C-Ti at 3.5 months 
post-operative. Bone graft formation was visualized both in the graft window and 
in the area immediately posterior to the cage.
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￭  CONCLUSION
The purpose of this study was to evaluate the radiological outcomes 
of ACDF with a STALIF C-Ti spinal cage. This review was 
performed to assess the advantages of enhancing a PEEK interbody 
fusion cage with a titanium coating. The average time to reach full 
fusion post-operatively for each patient was observed to be shorter 
when compared to fusion data in patients receiving traditional PEEK 
devices and spacer and plate constructs. 

Therefore, it was concluded that titanium coating is an effective 
improvement to the traditional PEEK spinal cage to promote full 
fusion in ACDF procedures. 
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