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ABSTRACT
Background: Patient selection for cervical disc arthroplasty (CDA) in the United States remains a topic of debate
among surgeons. Many surgeons base US patient selection for CDA implantation on the Food and Drug
Administration (FDA) indications/contraindications. While off-label use does occur, the frequency and extent of offlabel use in the US remains largely unknown. Outside the United States, patient selection is notably less stringent;
however such data also remain largely unpublished or presented/published with a low level of evidence. Here, we will
review the current approved US on-label patient selection criteria for CDA and discuss the rationale and supporting
evidence to expand these criteria in the United States.
Methods: A PubMed literature search was completed using the keywords ‘‘cervical disc arthroplasty’’ and
‘‘cervical disc replacement.’’ The articles were evaluated by the authors for patient selection criteria.
Conclusions: The current published data do not conclusively prove that the patients excluded from CDA by strict
adherence to FDA indications would benefit from CDA surgery over anterior cervical discectomy and fusion. As
surgeons, it is a difficult decision regarding when to expand indications to include off-label use of CDA. In our practice,
generally CDA patient selection agrees with the FDA indications and contraindications, as there is a lack of level 1
evidence to confirm effectiveness of CDA outside of the current FDA indications. We will likely need more wellconstructed studies to include prospective and controlled trials that specifically evaluate the ‘‘off-label’’ applications
before US surgeons are convinced to expand indications and insurance companies agree to reimburse.
Special Issue-Cervical Spine
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INTRODUCTION
Food and Drug Administration (FDA)–approved investigational device exemption (IDE)
studies have been conducted to gain approval for
each cervical disc arthroplasty (CDA) device. The
FDA used the strict inclusion and exclusion criteria
derived from these IDE studies to develop appropriate indications and contraindications for CDA.
While patient selection for most CDA implantations
in the United States are based on these FDA criteria
(on-label use), there are patients who receive CDA
where the indications/contraindications are not
strictly adhered to (off-label use).
The frequency and extent of off-label use for
CDA in the United States is unknown, and patient
selection remains a topic of debate among surgeons.
Currently, any systematic off-label use in the United
States remains largely unpublished.
Outside the United States (OUS), CDA patient
selection is known to be notably less stringent;
however, such data also remain largely unpublished
or presented/published with a low level of evidence.

AOSpine attempted to understand the worldwide
use of CDA by conducting an international survey
of its members (6179) in 2016. Only 383 questionnaires were completed for analysis, representing 67
countries. Results indicated that 84.3% of surgeons
continue to use anterior cervical discectomy and
fusion (ACDF) for cervical disc herniation, 47.8%
occasionally use CDA, and only 7.3% use CDA as
the standard treatment. The most important reasons
for not using CDA were cost and low evidence for
beneﬁt, while less concerning were complications,
legal concerns, and insurance.1
In 2016, Park et al2 reviewed 21 failed CDA
patients who underwent revision surgery within 2
years. CDA failure was deﬁned as the persistence of
recurrence of clinical symptoms due to residual or
new pathologies at the index level. The authors
concluded that the primary cause for failure was
patient selection (81%). The next most common
cause requiring revision was failure of technique,
citing insufﬁcient decompression and malposition as
the major technical errors. This led to secondary
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Table 1. Common indications and contraindications (patient selection criteria)
of the approved US IDE CDA devices.

Indications







Single or two contiguous levels between C3 and C7 for conditions:
* Intractable radiculopathy (with or without neck pain)
* Or myelopathy
And at least one of the following:
* Herniated nucleus pulposus
* Spondylosis (defined by osteophytes)
* Visible loss of disc height compared to adjacent levels
Skeletally mature patient
Failure of 6 wk of conservative care

Contraindications











Axial neck pain only
Prior cervical spine surgery, including prior surgery at the index
level
More than 2 diseased levels requiring surgery
Segmental instability
Severe spondylosis
Disc height , 3 mm
Severe facet joint degeneration
Significant kyphotic deformity
Compromised vertebral body at index level due to prior trauma or
significant abnormality or disease
Osteoporosis

Abbreviations: CDA, cervical disc arthroplasty; IDE, investigational device
exemption.

issues, such as eccentricity, subsidence, altered
kinematics, and recurrence of pathologies.
The authors recommended careful patient selection, including patients with soft disc herniation or
mild spondylosis, and provided an algorithmic
approach to revision CDA.2,3 This study highlights
clearly that indications and contraindications used
in most parts of the United States differ from those
used OUS. This creates a ‘‘gray zone’’ regarding the
pathologies that beneﬁt from ongoing motion
preservation. Can all grades of disc degeneration
be treated with CDA? Or is CDA restricted to early
degenerative changes with neural compressive disease? Which pathology lies within the gray zone that
can be successfully be treated with CDA? The
authors will review the current approved US onlabel patient selection criteria for CDA and discuss
the rationale and supporting evidence to expand
these criteria.
Current US Patient Selection Criteria for CDA
Although the modern use of CDA began in 2000
OUS, adoption of CDA in the United States was
marked by the FDA approval of Prestige ST in
2007.4 The Prodisc-C and Bryan disc approvals
followed shortly thereafter in 2007 and 2009,
respectively.5,6 Between 2012 and 2016, 4 additional
discs received FDA approval: Secure-C, PCM,
Mobi-C, and Prestige LP. Both the Mobi-C and

Prestige LP discs received approval for 1- and 2level indications, the only current 2-level approvals
in the United States.7–12
The FDA approval process for CDA requires an
IDE with strict inclusion and exclusion criteria. On
approval, the FDA publishes indications, contraindications, warnings, and precautions for each
device. The FDA uses the clinical trial inclusion/
exclusion criteria to determine the appropriate
indications/contraindications. The indications/contraindications, while similar, are not the same for
each CDA device.13–21 Table 1 illustrates the most
common (although not inclusive) indications/contraindications across CDA devices. It is generally
accepted that patients meeting these criteria are
candidates for CDA.
In 2004, McAfee22 reported that ‘‘the indications
for anterior cervical disc replacement (CDA) are the
same as for anterior cervical decompression: radiculopathy or myelopathy caused by either one or two
levels of anterior cervical compression.’’ Generally,
the contraindications reported here are like those in
Table 1, implying that there has been little change in
surgeon perception of CDA patient selection since
2004.
In 2012, Ding and Shaffrey23 reported some case
illustrations on CDA patient selection that resulted
in poor outcomes. Poor patient selection consisted
of patients with disc space collapse greater than
50% (resulting in overdistraction), axial neck pain
(speciﬁcally when motion was preserved where facet
arthropathy existed), older age (pathologies were
more prominent), and preoperative loss of segmental motion (CDA is for motion preservation, not
motion restoration). The authors concluded that
CDA should be considered for patients with singlelevel disease, anterior or disc-related pathology,
preserved segmental motion, preserved disc space
height, no signiﬁcant facet arthropathy, and normal
sagittal alignment. Fusion should be considered in
cases of multilevel disease, combined anterior and
posterior pathology, loss of segmental motion,
collapsed disc space, segmental ankylosis, osteoporosis, signiﬁcant kyphosis, segmental instability,
tumor, trauma, infection, and previous decompressive laminectomies.23
Auerbach et al24 used the US on-label criteria for
Prestige, Prodisc-C, PCM, and Bryan to analyze
patients requiring cervical spine surgery. There were
167 patients identiﬁed as requiring cervical surgery,
and 72 were qualiﬁed, meeting all indications and no
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Table 2. Inclusion and exclusion criteria from Brazil PCM study.25

Table 3. Inclusion and exclusion criteria from the France Mobi-C study.26

Inclusion criteria

Inclusion criteria






18–80 y old
Discogenic radiculopathy of the cervical spine, with radiculopathy
symptoms in 1 or both arms; pain, paresthesias, or paralysis in a
specific nerve root distribution
 Involvement at 1, 2, 3, or 4 disc levels from C3 to T1
 Radiographically determined discogenic radiculopathy to include at
least one of the following:
* Cervical spondylosis or cervical spondylitic myelopathy
* Disc herniation on CT or MRI
* Pseudarthrosis or failed prior attempted ACDF
* Failed cervical cages or arthroplasty
 6 wk conservative care
Exclusion criteria














Prior disc space infection or osteomyelitis in the cervical spine
Previous trauma to the C3–C7 levels resulting in compression or
bursting
Axial neck pain in the absence of other symptoms of radiculopathy
Osteoporosis, osteopenia, or other metabolic bone disease of the
spine
Active malignancy or other spinal tumor
Acute cervical trauma or instability: no anterior subluxation . 3.5
mm on flexion-extension radiographs
Circulatory, cardiac, or pulmonary problems that could cause
excessive surgical risk
Known or suspected metal allergy
Severe myelopathy to the extent that the patient is wheelchair
bound
Mid-sagittal stenosis of , 8 mm, as measured by CT or MRI
Autoimmune disorders (eg, lupus, rheumatoid arthritis)
Psychosocial disorder (indicated by Waddell score . 3)
Morbid obesity, defined as body mass index . 40 or more than 100
lb over ideal body weight

Abbreviations: ACDF, anterior cervical discectomy and fusion; CT, computed
tomography; MRI, magnetic resonance imaging.

contraindications. Analysis of contraindications of
the 95 nonqualiﬁed patients indicated that 47
required surgery at more than 2 levels, 18 had prior
surgery at the index level, and 7 required surgery
adjacent to a prior fusion. The data presented are
compelling with less than 50% of patients qualifying
for a CDA using the current on-label criteria.24
OUS has routinely used less rigid selection criteria
since the approval of CDA, but the publications are
limited. Currently, one of the most important
questions is whether the rigidity in patient selection
is helping or harming our patients and whether it is
time for a shift in the US adoption of expanded
indications for CDA.
OUS Experience
The OUS regulatory environment does not
include published patient selection criteria, as is
standard with US FDA approvals. Although
limited, there are OUS publications on CDA that
give insight into the OUS patient selection criteria.
A Brazilian study of PCM25 and a French study of




Degenerative disc disease at one or more levels between C3 and T1
confirmed with x-rays, CT, or MRI
Radiculopathy and/or myelopathy
Appropriate conservative medical treatment

Exclusion criteria










Age . 65 years old
Noncompliance with study protocol
Osteoporosis
Metabolic bone disease
Congenital or posttraumatic deformity
Infection
Neoplasia
Instability of the intersomatic space
Narrow canal (, 12 mm)

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.

Mobi-C26 enrolled patients with inclusion and
exclusion criteria far less strict than current US
patient selection criteria (Tables 2 and 3). We will
review in detail these commonly expanded patient
selection criteria and supporting literature.
Commonly Expanded Patient Selection Criteria
Some indications/contraindications are not heavily debated, such as osteoporosis, severe facet
degeneration, prior cervical spine surgery, and
signiﬁcant loss of disc height, while others elicit
varied opinions from surgeon users. We selected the
more debated indications/contraindications to evaluate the state of the literature and surgeon
perception.
More Than 2 Levels (Including Noncontiguous
Levels)
To date, no US IDE study has included patients
with cervical degenerative disc disease at more than
2 contiguous levels.4–12 There are multiple publications, mostly OUS, that have reported CDA use at 3
or more levels, often including noncontiguous levels.
In Brazil, CDA (PCM) data through 3 years was
favorable for patients treated up to 4 levels. As
expected, the number of patients treated at 3 and 4
levels was low: 12 patients with 3 levels and 4 with 4
levels. While the study inclusion criteria were less
restrictive than US studies, there were similarities in
exclusions (Table 2).25 Studies from Asia are similar,
with Zhang et al27 reporting good clinical outcomes
and no serious complications through 4 years for
patients receiving Bryan at 2 noncontiguous levels.
Zhao et al28 reported on the Bryan CDA at up to 3
levels. The 10-year results included favorable clinical
outcomes but high rates of heterotopic ossiﬁcation.
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The Mobi-C CDA was used in a similar study in
France, with 4 patients treated at 3 levels and 1
patient treated at 4 levels, with favorable results
through a 2-year follow-up. Again, similarities to
the US studies were noted in the study exclusion
criteria (Table 3).26 The critique remains that these
studies were low-level evidence and prospective,
nonrandomized, and low enrollment. Based on the
paucity of evidence in the literature, it appears that
surgeon perception of the use of CDA at more than
2 levels remains mostly unfavorable in the United
States. However, Gornet et al29 provide a report in
this focus issue with data from 139 patients
suggesting that 3- and 4-level CDA may be
performed safely and effectively in appropriately
selected patients.29
Hybrid
CDA with fusion hybrids fall into 2 categories: (1)
CDA implanted simultaneous (same surgery) adjacent to a fusion or (2) CDA adjacent to a prior
fusion. There is a paucity of data on simultaneous
hybrid implantations, although many surgeons
support the concept. The most common rationale
is treating 2 contiguous levels where 1 level meets
the criteria for CDA and the other does not.
Proponent surgeons claim to also use it for
biomechanical considerations in certain patients.
Mo et al30 reported on biomechanical considerations of multiple CDA devices selected in hybrid
surgery for bilevel cervical degenerative disc disease
using ﬁnite element analysis. The authors concluded
that Prodisc-C, Mobi-C, and Discover performed
similarly with respect to spinal motion, adjacent
intradiscal pressures, and driving moments, while
Bryan and PCM were more comparable biomechanically. This leads the authors to suggest hybrid
construct with the use of Bryan and PCM for
patients with potential risk of facet joint degeneration and with Prodisc-C, Mobi-C, and Discover for
patients with risk of vertebral osteoporosis.
There is a limited literature reporting on the
implantion of CDA adjacent to a prior fusion. The
Brazilian study conducted with PCM also included
implantation adjacent to a prior fusion (hybrid).
PCM was used in 12 1-level and 9 multilevel cases
adjacent to a previous fusion with favorable
results.25 The FDA trial for PCM also allowed
patients with prior cervical fusions, including
adjacent to the CDA. The success data for these
patients were presented separately but do not

distinguish patients with CDA adjacent to fusion
versus noncontiguous.7 While not directly contraindicated by the FDA, prior cervical fusion at any
cervical level was published as an FDA precaution.
The FDA establishes a precaution when the safety
and effectiveness of a device have not been
established for patients with this condition.16
Prior cervical fusions were also not excluded from
the French Mobi-C study, with 21 1-level patients
and 5 multilevel patients with prior fusions.
Eighteen 1-level patients and 3 multilevel patients
received a CDA adjacent to the fusion.26 However,
the hybrid results are unable to be speciﬁcally
interpreted from either the Mobi-C or the PCM
study, as the data were presented as single level
versus multilevel only.
The data on CDA simultaneous with fusion are
only biomechanical in nature, while the data on
CDA adjacent to a prior fusion are not presented
with enough detail for interpretation. US surgeon
perception remains largely unfavorable for both
CDA hybrid constructs.
Revision of Failed Fusion
In addition to hybrid constructs, the PCM study
from Brazil and the Mobi-C study from France
included CDA implants as a revision to a failed
fusion. The PCM study included 11 1-level and 9
multilevel CDAs as a revision to a failed fusion, and
the Mobi-C study included 2 patients. The results
from both studies were favorable; however, the data
for these speciﬁc patients were not reported
separately.25,26 CDA used as a revision to a failed
fusion remains controversial in the United States,
with little to no published data on this subset of
patients.
Kyphosis
While the US studies speciﬁcally exclude severely
kyphotic patients from enrollment (IDE studies),
the OUS studies did not exclude these patients
(Tables 2 and 3). However, this population was not
analyzed separately in the OUS studies, so understanding the severity and prevalence of kyphosis
preoperatively and the outcomes in that population
is not possible with the data presented.
However, there was a post hoc analysis of the US
Mobi-C data that analyzed patients with radiographically identiﬁed postoperative kyphosis, and
there were no differences in clinical outcomes.31
Yoon et al32 found in a study in Korea that patients
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treated with Bryan adjacent to a fusion experienced
postoperative kyphotic change. These differences
also did not impact clinical outcomes.
Staudt et al33 recently analyzed the different
CDA designs for single-piece versus multipiece,
ﬁxed versus mobile center of rotation, constraint
type, materials, ﬁxation, compression, and sagittal
balance. While their article does not directly address
CDA patient selection, it begins to explore the idea
of patient-speciﬁc implants. Speciﬁcally, the authors
discuss the incorporation of implant lordosis for
CDA devices.33–37 Currently, only early data on
lordotic implants have been collected for the
Discover disc and the Synergy disc with varying
results.
Regardless of the lack of literature on CDA and
kyphosis, many OUS surgeons believe that the best
sagittal balance is achieved by allowing the cervical
spine to move, effectively ﬁnding its own balance.25
Limited literature does report that postoperative
kyphotic changes in CDA patients do not impact
outcomes, so perhaps preoperative exclusion is
unnecessary. However, in general, US surgeons
remain unconvinced and eliminate patients with
kyphosis as candidates for CDA.
Other Considerations
While the indications and contraindications discussed previously are the most commonly reported
and debated, there are many recent publications
that address other factors to consider in CDA
patient selection. Multiple publications indicate that
preoperative pain, demographics, comorbidities,
litigation, workers’ compensation, and psychosocial
factors affect outcomes in lumbar and cervical spine
surgery.38–43 Gornet et al44 reported in 2013 that
higher baseline neck pain and SF-36 MCS were
signiﬁcantly associated with successful outcomes in
CDA patients, although they did not ﬁnd a
relationship to workers’ compensation status in this
cohort.
The number and variations of CDA devices
available make the idea of selecting a CDA that is
most appropriate for the patient’s condition a
reality. However, to achieve this, the strengths and
weaknesses of each CDA device need to be
understood.
Cost and Reimbursement
The debate to expand CDA use in the United
States cannot ignore device costs and the current

reimbursement landscape. Since its approval in the
United States by the FDA, often the decision to
implant a CDA is highly inﬂuenced by insurance
approval, sometimes requiring on-label use. However, in addition to the literature overwhelmingly
conﬁrming the safety and efﬁcacy of CDA, cost
analyses indicate that it is a clear cost advantage in
the long term.45–48 Ament et al48 published 2-year
data that indicated that an incremental costeffectiveness ratio of CDA to ACDF was $24,594
per quality-adjusted life year, well below the
established threshold of $50,000 per quality-adjusted life year. That said, the off-label or expanded
uses discussed here remain even more difﬁcult to
obtain insurance approval for.

CONCLUSIONS
Although more than 50% of patients diagnosed
with cervical degenerative disc disease are being
excluded24 by strict adherence to on-label use of
CDA, current published data do not conclusively
prove that those would beneﬁt from CDA surgery
over ACDF. For surgeons, it is a difﬁcult decision
on when to expand indications to include off-label
use of CDA. In our practice, generally CDA patient
selection agrees with the FDA indications and
contraindications. We ﬁnd that 3-level disease is
commonly diagnosed in clinical practice, but there is
lack of level 1 evidence to conﬁrm effectiveness of 3level CDA over ACDF. The CDA hybrid solution is
also lacking conclusive evidence of its effectiveness.
We will likely need more well-constructed studies to
include prospective and controlled trials that
speciﬁcally evaluate the off-label applications before
US surgeons are convinced to expand indications
and insurance companies agree to reimburse.
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