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Abstract

This study aimed to assess clinical and radiological outcomes associated with zero-profile stand-alone cages
with instrumentation used for single- and multilevel anterior cervical discectomy and fusion (ACDF)
operations. Many plate-cage ACDF systems have proven to be successful in producing high fusion rates and
positive clinical outcomes. However, the anterior plating in traditional systems has been associated with
complications such as dysphagia and mechanical accidents. A total of 190 patients underwent single- or
multilevel ACDF surgeries with zero-profile polyetheretherketone cages containing integrated titanium
instrumentation and screw fixation (one-level, n=31; two-level, n=65; three-level, n=71; four-level, n=23).
Demographic information such as age and smoking status as well as postoperative outcomes were collected
and analysed. Out of the 190 patients who underwent ACDF surgeries with a zero-profile stand-alone cage,
none experienced any conditions or infections, and zero were readmitted postoperatively. Although
traditional plate-cage systems yield high fusion rates in ACDF surgeries, zero-profile systems with
integrated fixation have showcased impressive clinical and radiographic results in both single- and
multilevel operations.
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Introduction

The anterior surgical approach to the cervical spine introduced by Smith and Robinson has become a widely
accepted strategy and one of the most commonly performed spinal procedures in the neuro-orthopedic
world [1]. It is also one of the most rewarding and efficient spinal operations, offering relatively easy access
to the vertebral column and satisfactory outcomes in most cases [2]. Furthermore, anterior cervical
discectomy and fusion (ACDF) has become accepted as the leading method for treating patients with
degenerative disc disease by promoting vertebral fusion, decompressing the spinal cord and nerve roots,
restoring lordosis and maintaining intervertebral disc height [3].

Many traditional plate-cage ACDF systems have produced successful fusion rates and positive clinical
outcomes in single-level operations, so similar techniques have been adopted in multilevel procedures as
well where the likelihood of fusion is lower [4]. However, although anterior plating in an ACDF structure may
promote fusion and maintain proper vertebral alignment, it is also associated with potential plate-related
complications such as dysphagia, pseudarthrosis, plate movement or migration, and longer operative times,
especially in multilevel procedures [5-8]. Stand-alone cages without a plate have also been used due to their
less invasive nature; however, greater risks of cage subsidence and lower fusion rates have been associated
with this model [9].

Recently, our experience has shown that the use of stand-alone polyetheretherketone (PEEK) cages with
integrated instrumentation and screw fixation has been associated with satisfactory fusion rates in both
single- and multilevel operations. We have also showcased that the zero-profile system minimizes
complication and infection rates while providing efficient operations.

The purpose of this study was to assess clinical and radiological outcomes associated with zero-profile
stand-alone cages with instrumentation used for single- and multilevel ACDF and evaluate the efficiency
and practicality of the surgical technique.

Materials And Methods
Study design
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This was a retrospective review involving clinical and radiological outcomes of 190 adult patients who
underwent single- or multilevel ACDF surgeries with zero-profile PEEK cages with instrumentation and
plate fixation between January 2014 and December 2019. All ACDF procedures were performed using a
similar technique by a single surgeon. Patient demographics collected included age, gender and smoking
status. Patients were assessed preoperatively with the visual analog scale (VAS) and postoperatively at two-
week, six-week, three-month, six-month, and one-year follow-ups. Patients received X-ray imaging starting
at the three-month interval in order to evaluate fusion progress and instrumentation placement.

Inclusion criteria included the following: (I) adult patients over the age of 18 years old, (II) degenerative disc
disease causing symptomatic cervical radiculopathy confirmed by magnetic resonance imaging (MRI) and
clinical assessments and (III) patients undergoing single- or multilevel ACDF with zero-profile stand-alone
cage system with integrated instrumentation and screw fixation. Exclusion criteria were as follows: (I) active
malignancy or infection, (II) allergy to cage materials, (III) trauma, (IV) severe osteoporosis and (V)
pregnancy. This study was approved by our institutional review board at Hoag Hospital Newport Beach,
California.

Surgical procedure

All surgical procedures were executed using a Smith-Robinson approach under general anesthesia. After
initial incision and tissue dissection, a spinal needle was inserted into the disc space of interest, and its
location was confirmed using C-arm digital radiography. Retraction pins were then implanted into the
vertebral bodies to allow for the insertion of implants. Disc material, cartilage and unnecessary bone and
tissue were removed using a combination of osteotomes, curettes, rasps and rongeurs. Trials were inserted
into the intervertebral disc space to determine the size of the desired zero-profile cage implant. The PEEK
cage system was packed with autologous bone graft or allograft to promote bone development and fusion
and was positioned into the disc space. An awl or drill was inserted into the screw pockets on the anterior of
the cage and into the bone, and a freehand screwdriver was used to place the screws into the prepared screw
holes (Figure I). Locking caps were inserted to prevent the screws from falling out. The retraction pins were
removed, and the discectomy and cage-insertion process repeated for the multilevel operations. Finally, the
fascia and skin incision were closed.

FIGURE 1: Drawing of the manual screwdriver inserting screw through
the polyetheretherketone cage and into the vertebral body

Implant characteristics

The zero-profile stand-alone screw/cage system (Figure 2) sits entirely inside of the interbody space to
minimize contact with the esophagus. The small anterior plate sits flush in between the vertebral bodies,
and the two titanium screws that position inside of the vertebral bodies provide fixation while enabling an
efficient surgical operation. Each screw is covered by a locking cap that prevents it from backing out. The
PEEK cage itself is rounded with various heights and footprints. It also has a central cavity to accommodate
the bone graft. The upper and lower surfaces have sequences of transverse grooves to improve stability once
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inserted.

FIGURE 2: Drawing of a zero-profile cage implant

Results

A total of 190 adult patients (99 males, 91 females) participated in this study (Table ). The average age of
patients was 66 years old, and the majority (n=136) of patients were non-smokers. A total of 466
implants/devices were used in the study. A total of 31 patients underwent single-level operations, 65
underwent two-level, 71 underwent three-level and 23 underwent four-level operations (Table 2). The
average length of stay after the operation was one day. In the first several weeks following an ACDF, it is
very common to have temporary mild complaints of neck/shoulder pain, soreness, and muscle spams as well
as mild temporary dysphagia. These temporary symptoms resolved within the first month after surgery that
is usual and expected and not considered a complication. Out of the 190 patients, none experienced any
complications, including chronic dysphagia or functional pseudarthrosis, or infections, and no readmissions
were directed. We also received no complaints about chronic radicular pain, neck pain or disability.
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Patient Demographics Number of Patients
Gender

Male 99

Female 91

Age range

20-40 years 6

40-60 years 61

60-80 years 111

90+ years 12

Average 66

Smoking status

Current smoker 7
Non-smoker 136
Former smoker 33
Unknown 14

TABLE 1: Patient demographics

Number of Levels Number of Patients
1 level 31
2 levels 65
3 levels 71
4 levels 23

TABLE 2: Single- and Multilevel cases

All patients were urged for postoperative follow-ups at two weeks, six weeks, three months, six months and
one year in which they received X-ray imaging starting at the six-week follow-up interval. As the duration of
postoperative follow-up lengthened, less patients chose to return due to reported satisfaction and although
some patients were lost before they could complete their follow-up, no complaints were reported.

Corpectomy cases and patients requiring anterior/posterior combined surgical techniques were excluded
from this analysis and data as to be able to more fairly compare published traditional ACDF data.

Discussion

Our data has demonstrated that zero-profile stand-alone cage systems with integrated instrumentation
showcase successful results when used for ACDF. The screw/cage system demonstrated ideal functionality in
both single-level and multilevel operations. All procedures resulted in spinal cord decompression, effective
vertebral fusion and lordosis restoration, relieving patients of radicular pain and/or disability. Remarkably,
no patients experienced any problems during the procedures nor any postoperative complications including
functional pseudarthrosis, subsidence or chronic dysphagia. Comparatively, studies have demonstrated that
plate-related complications in traditional plate-cage systems are high. For instance, Fisahn et al. reported
plate-related dysphagia at 12.1% whereas Segebarth et al. reported it to be as high as 42.1% [6,10]. High
chronic dysphagia rates and other plate-related complications have provoked the development of new
surgical techniques to ultimately improve short- and long-term patient outcomes. As a result, stand-alone
cages without instrumentation were developed, but they presented issues regarding subsidence and fusion
rates. Ng et al. highlighted the model’s subsidence rate to be 22.5% [11]. We propose that zero-profile cage

2021 Khalifeh et al. Cureus 13(4): e14283. DOI 10.7759/cureus.14283 40f6



Cureus

systems with instrumentation and screw fixation should be considered viable options for ACDF due to their
effective design and promising results.

Conclusions

The minimally invasive nature of the screw/cage system avoids unnecessary contact with the esophagus to
help minimize dysphagia. Additionally, the angled screw insertion helps anchor the cage within the
intervertebral space, while the transverse grooves of the cage help prevent the vertebrae from collapsing or
slipping.

This study demonstrates that compared to traditional plate-cage systems, zero-profile cages with
instrumentation provide efficient operations and facilitate fusion across both single- and multilevel
ACDFs. This demonstrates an acceptable and preferable option for ACDFs in many cases.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Western Institutional
Review Board issued approval WIRB Work Order #1-1263202-1. February 16, 2020 Burak M. Ozgur, MD Hoag
Heath Center Irvine 16405 Sand Canyon, Ste 200 Irvine, CA 92618 Dear Dr. Ozgur: SUBJECT: IRB
EXEMPTION— HIPAA FULL WAIVER OF AUTHORIZATION AND REGULATORY OPINION Investigator:
Burak Ozgur, MD Protocol Title: Retrospective Cervical and Lumbar Spine Surgery Analysis On February 13,
2020, Western Institutional Review Board (WIRB) approved a request for a waiver of authorization for use
and disclosure of protected health information (PHI) for the above-referenced research. This review was
conducted through expedited review. WAIVER OF HIPAA AUTHORIZATION WIRB determined that
documentation received from you satisfies the three requirements for a waiver of authorization. These
requirements are: 1. The use or disclosure of the PHI involves no more than minimal risk to the individuals,
based on the following elements: a. An adequate plan to protect identifiers from improper use and
disclosure; b. An adequate plan to destroy the identifiers at the earliest opportunity consistent with conduct
of the research (unless there is a health or research justification for retaining the identifiers, or such
retention is otherwise required by law); and c. Adequate written assurances that the PHI will not be reused
or redisclosed to any other person or entity, except as required by law, for authorized oversight of the
research project, or for other research for which the use or disclosure of PHI would be permitted by HIPAA.
2. The research could not be practicably conducted without access to and use of the PHI; and 3. The research
could not practicably be conducted without the waiver. The Board has determined that this waiver of
authorization for the use and access of the protected health information as described in the above
referenced protocol, and in the information provided in the submitted waiver of authorization form, is
necessary for conduct of this research. REVIEW OF EXEMPTION REQUEST This is in response to your
request for an exempt status determination for the above-referenced protocol. Western Institutional Review
Board’s (WIRB’s) IRB Affairs Department reviewed the study under the Common Rule and applicable
guidance. We believe the study is exempt under 45 CFR § 46.104(d)(4), because the research involves the
secondary use of previously collected, de-identified data. The data will not be submitted to the FDA, does not
involve prisoners, and is consistent with the ethical principles of the Belmont Report. This exemption
determination can apply to multiple sites, but it does not apply to any institution that has an institutional
policy of requiring an entity other than WIRB (such as an internal IRB) to make exemption determinations.
WIRB cannot provide an exemption that overrides the jurisdiction of a local IRB or other institutional
mechanism for determining exemptions. You are responsible for ensuring that each site to which this
exemption applies can and will accept WIRB’s exemption decision. Please note that any future changes to
the project may affect its exempt status, and you may want to contact WIRB about the effect these changes
may have on the exemption status before implementing them. WIRB does not impose an expiration date on
its IRB exemption determinations. If you have any questions, or if we can be of further assistance, please
contact Andrei Chertov PhD at (360) 252-2458, or e-mail RegulatoryAffairs@wirb.com. Sincerely, Kelly
FitzGerald, PhD Vice President, IRB Affairs AOC:dao D4 with HIPAA Exemption — Ozgur (02-16-2020) cc:
Junko Hara, Hoag Memorial Hospital Presbyterian Michelle Lamothe, Hoag Memorial Hospital Presbyterian
WIRB Accounting WIRB Work Order #1-1263202-1. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships:
Burak Ozgur declare(s) personal fees and royalties from Biomet Zimmer. Burak Ozgur was a consultant and
on a development team for a product produced by Biomet Zimmer. Other relationships: All authors have
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