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Introduction: Cervical disc replacement (CDR) is an emerging treatment option for cervical
degenerative disease. Postulated benefits of cervical disc replacement compared to anterior cer-
vical discectomy and fusion include preserved motion at the operative segments and decreased
motion at adjacent levels. Multiple studies have been performed investigating the outcomes of
CDR in single-level pathology. The investigation of the use of CDR in two-level pathology is
an emerging topic within the literature.

Purpose: To critically evaluate the literature regarding two-level CDR in order to determine its
utility compared to two-level cervical arthrodesis. Patient selection factors including indications
and contraindications will also be explored.

Methods: The PubMed database was searched for all articles published on the subject of two-
level CDR up until October 2016. Studies were classified by publication year, study design,
sample size, follow-up interval, and conflict of interest. Outcomes were recorded from each
study, and included data on patient-reported outcomes, radiographic measurements, range of
motion, peri- and postoperative complications, heterotopic ossification, adjacent segment disease,
reoperation rate, and total intervention cost.

Results: Fourteen studies were included in this review. All studies demonstrated at least nonin-
feriority of two-level CDR compared to both two-level arthrodesis and single-level CDR. Patient
selection in two-level CDR is driven by the inclusion and exclusion criteria presented in prospec-
tive, randomized controlled trials. The most common indication is subaxial degenerative disc
disease over two contiguous levels presenting with radiculopathy or myelopathy. Furthermore,
costs analyses trended toward at least noninferiority of two-level CDR.

Conclusion: Two-level CDR is noninferior to two-level anterior cervical discectomy and fusion
in terms of both outcomes and costs. While a few studies suggested superiority of two-level
CDR, the presence of significant conflicts of interest by the study authors may introduce bias.
Further prospective, randomized trials without conflicts of interest are necessary to determine
if two-level CDR demonstrates truly superior outcomes.

Keywords: cervical disc replacement, anterior cervical discectomy and fusion, two-level, patient
selection, outcomes, conflict of interest

Introduction

Anterior cervical discectomy and fusion (ACDF) is a common treatment option for
those with symptomatic cervical disc disease.' Despite high success rates following
ACDEFE, the risks for pseudarthrosis and adjacent segment disease have raised ques-
tions regarding its role as the first-line surgical treatment for cervical degenerative
disease.>” The fusion of cervical vertebrae is thought to reduce motion at the operated
level, increasing stress on adjacent cervical disc levels.!” Cervical disc replacement
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(CDR) has been proposed as an alternative treatment with
the presumed benefit of preserving motion.” This theoretical
advantage with CDR reduces concern for adjacent segment
disease caused by altered biomechanics with ACDE.!

The differences in efficacy between CDR and ACDF have
been difficult to elucidate. With the prospect of receiving
US Food and Drug Administration (FDA) product approval,
multiple, large, multicenter, randomized controlled trials have
been performed comparing clinical outcomes between these
two procedures.'®!>!3 Results of these studies and others have
ranged from noninferiority to superiority of CDR compared
to ACDFE3!* Additionally, recent meta-analyses have sug-
gested potential superiority of CDR to ACDF in terms of
clinical outcomes.®!! However, these comparative studies
have predominately focused on single-level procedures.

Many cervical disc prostheses are FDA-approved for both
single-level and two-level CDR.!>!6 As such, recent efforts
have been made to expand the literature to assess the efficacy
oftwo-level CDR.'%!'” However, similar to single-level CDR,
comparative analyses of two-level CDR to ACDF have been
inconclusive with regard to clinical outcomes. As such, the
purpose of this review article is to summarize the current
literature pertaining to the biomechanics, clinical outcomes,
and adverse events associated with two-level CDR in order
to better describe its efficacy.

Materials and methods

A literature search was performed using the PubMed search
engine to identify all articles published through October 1st,
2016. The search strategy to identify publications assessing
two-level CDR in PubMed was “((((cervical disc arthro-
plasty) OR cervical disc replacement) OR disc replacement)
OR total disc replacement) AND two level.” Only studies
with full-text availability that were published in English were
included in this review.

Studies that were classified as biomechanical series,
clinical case series, retrospective cohort studies, nonrandom-
ized prospective cohort studies, and prospective randomized
controlled trials were included in this review. Studies that were
single case reports were excluded. All prospective randomized
controlled trials, prospective nonrandomized cohort trials, ret-
rospective cohort series, clinical case series, and biomechanical
series were assessed for completeness. All studies were then
classified by level of evidence, based on criteria established by
Sackett et al.!® Included studies were also evaluated for con-
flicts of interest (COI) through review of disclosure sections.
The North American Spine Society (NASS) guidelines were
utilized to identify any activities as a potential COL

All included studies were then stratified into cadaveric
biomechanical studies, studies assessing clinical benefit,
studies assessing adverse events, or studies assessing costs.
Clinical outcomes included patient-reported outcomes, radio-
graphic measurements, and range of motion. Adverse events
included perioperative complications, heterotopic ossification
(HO), and adjacent segment disease (ASD).

Results

Literature search

Fourteen studies were included in this review, including five
biomechanical studies, four randomized controlled trials,
one cost-analysis of a randomized controlled trial, two pro-
spective cohort studies, and two retrospective studies. These
studies encompassed 1,360 patients undergoing either CDR
or cervical fusion. Summaries of the included studies are
presented in Tables 1 and 2.

Cadaveric and biomechanical studies
In order to better understand the biomechanical properties
of two-level CDR, a number of studies involving cadaveric
cervical spine specimens have been performed.'”? With
regard to range of motion (ROM), the first comparison of
two-level CDR to two-level ACDF was performed by Cho
et al.? The authors compared ROM in flexion/extension (FE),
axial rotation (AR), and lateral bending (LB) in seven C3-T2
cervical spine specimens. Compared to the intact spine with
no intervention, two-level ACDF demonstrated significantly
decreased C4-T1 ROM in FE, AR, and LB, while two-level
arthroplasty demonstrated significantly increased ROM in
FE and AR. Two-level fusion constructs also exhibited sub-
stantially decreased ROM at the operative level in addition to
increased ROM at both superior and inferior adjacent levels.
In a study involving 12 cervical spine specimens, Barrey
et al' demonstrated similar findings of decreased ROM in
FE, LB, and AR for two-level arthrodesis compared to two-
level CDR. The authors further quantified the ROM increase
in adjacent segments in two-level arthrodesis, indicating a
20%—38.5% increase at the superior level and a 25%—47%
increase at the inferior level. Expanding on this data, Gan-
dhi et al?! quantified the magnitude of force necessary to
produce the observed ROM in 11 cadaveric cervical spines.
The authors determined that the least force was required to
produce the observed ROM in two-level CDR constructs,
while two-level ACDF constructs required twice the applied
force to produce the observed ROM in all directions tested.
Intradiscal pressure (IDP) has also been tested in cadav-
eric specimens as a proxy for the potential for degenerative
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Table | Summary of biomechanical studies

Study Year Design® Sample size (n) Conflict of interest Primary result

Phillips et al®* 2009 Intact spine 6 Yes — industry sponsored  Two-level CDR provides near-normal mobility; no
Single-level CDR destabilization of adjacent segments
Two-level CDR

Cho et al® 2010 Intact spine 7 No Two-level ACDF decreases C4-T|1 ROM and increases
Two-level CDR adjacent level ROM
Two-level ACDF Two-level CDR increases C4-T1 ROM; no change in
Hybrid® adjacent level ROM

Barrey etal'” 2012 Intact spine 12 Yes — industry sponsored; Two-level ACDF decreases ROM; increases ROM of

Single and two level
CDR

Hybrid

Single and two level
ACDF

Two-level CDR 22 No
Hybrid

Two-level ACDF

Park et al*? 2014

Gandhi etal? 2015 Intact spine I No
Single- and two-

level CDR

Hybrid

Two-level ACDF

consultant fees

adjacent levels; increased intradiscal pressure
Two-level CDR decreases intradiscal pressure

Distal adjacent level intradiscal pressure decreased in
single- and two-level CDR

Facet contact force approximated in hybrid and two-
level CDR

Two-level CDR resulted in increased operative level
motion; least force required for ROM

Two-level ACDF resulted in decreased operative level
ROM and increased adjacent segment ROM; most force
required for ROM

Notes: *Refers to constructs biomechanically analyzed on cadaver cervical spine specimens. *Hybrid indicates hybrid arthroplasty-fusion constructs implanted over two

contiguous cervical levels.

Abbreviations: CDR, cervical disc replacement; ACDF, anterior cervical discectomy and fusion; ROM, range of motion.

spinal changes at adjacent levels. Barrey et al'® demonstrated
that IDPs at the superior adjacent level were significantly
different among constructs, with two-level fusion having
elevated IDPs and two-level arthroplasty having decreased
IDPs compared to the baseline intact spine. The most exten-
sive investigation regarding IDPs was performed by Park
et al* in a study of 22 cervical spine samples. The authors
measured IDP in anterior, central, and posterior portions
of the intervertebral discs at both the superior and inferior
adjacent levels. They determined that central IDP at the proxi-
mal adjacent level increased in two-level fusion compared
to two-level arthroplasty. Furthermore, they illustrated that
anterior IDP in the distal adjacent segment increased during
flexion in two-level fusion compared to unchanged values in
two-level arthroplasty constructs.

Clinical and radiographic postoperative

outcomes

The evaluation of two-level CDR in terms of clinical and
radiographic postoperative outcomes has become an area of
interest within the literature. The most thoroughly studied
topic has been a comparison of two-level CDR to two-level
cervical fusion. In a prospective cohort study, Kim et al?*
compared 12 patients receiving two-level CDR with Bryan
artificial discs (Medtronic, Memphis, TN, USA) to 28 patients
receiving two-level ACDF. At a mean follow-up of 19 months,
both groups had significant improvement in VAS and NDI

scores from preoperative to final postoperative time points.
No difference in improvement was noted between the groups.
Furthermore, upon extensive radiographic analysis of these
patients, statistically significant differences in ROM, interver-
tebral heights, and overall sagittal alignment between cohorts
were noted. Specifically, compared to preoperative levels,
radiographic measures were maintained in the two-level CDR
group; however, radiographic measures exhibited significant
deviations from preoperative levels in the two-level ACDF
group. The authors subsequently concluded that adjacent
level degeneration may be less likely in two-level CDR.

Cheng et al*® performed a prospective, randomized con-
trolled trial in which 34 patients received two-level ACDF
and 31 patients received two-level CDR with Bryan artificial
discs. Similar to the previous study, the authors identified
that ROM was maintained in the two-level CDR group but
not in the two-level ACDF group. However, in contrast to
the previous study, it was demonstrated that two-level CDR
had significantly greater improvement in visual analog scale
(VAS) neck, VAS arm, Neck Disability Index (NDI), and
Short Form 36 (SF-36) scores compared to two-level ACDF
at 2 years postoperatively.

In a retrospective case series, Fay et al*® reviewed 37
cases of two-level CDR with Bryan artificial discs and 40
cases of two-level ACDF/ACCEF. The authors demonstrated
significant improvement in VAS neck, VAS arm, NDI, and
Japanese Orthopedic Association (JOA) scores at 24 months

Open Access Surgery 2017:10

submit your manuscript 3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Narain et al

Dove

Table 2 Summary of clinical studies involving two-level CDR

Study Year Design (LOE?) Sample size (n) Follow-up Conflict of Primary result
(months) interest
Pimenta et al”® 2007 Prospective cohort 71 single-level CDR 36 Yes — Industry  Greater improvement in mean NDI, VAS,
(l12) 69 multi-level CDR supported Odom’s criteria in multilevel cohort at 3 years
(53 two-level) postoperatively
Kim et al** 2009 Prospective cohort 39 single-level CDR 19 N/A Radiographic change 3.5x more likely in ACDF
(la) 12 two-level CDR ROM and intervertebral heights at the operative
54 ACDF (26 site and some adjacent levels maintained in CDR
single-level, 28 compared to ACDF
two-level)
Cheng et al® 2009 Prospective RCT (Ib) 31 two-level CDR 24 N/A CDR had greater improvement in PROs
34 two-level ACDF compared to ACDF
ACDF had decreased operative-level ROM
Cardoso etal® 2010 Retrospective (IV) 24 multilevel CDR 12 No No noted complications at 12 months
(10 two-level) postoperatively
Huppert etal® 2011 Prospective RCT (Ib) 175 single-level 24 Yes — Industry No difference in PRO improvement between
CDR sponsored cohorts
56 Multi-level CDR No difference in complication/reoperation rate
(51 two-level) between cohorts
ROM improvement was statistically equivalent
between cohorts
Fay et al?* 2014 Retrospective (IV) 37 two-level CDR 24 No No difference in PRO improvement between
40 two-level ACDF cohorts
or ACCF No difference in complications/reoperation rate
between cohorts
CDR cohort had increased ROM; Fusion cohort
had decreased ROM
Bae et al'’ 2015 Prospective RCT (Ib) 164 single-level 48 No No differences in PRO improvement or
CDR satisfaction between cohorts
225 two-level CDR Rates of HO not different between cohorts
No differences in complications or reoperation
rate between cohorts
Davis et al” 2015 Prospective RCT (Ib) 225 two-level CDR 48 Yes —industry CDR group showed greater improvement in
104 two-level sponsored PROs and patient satisfaction rates
ACDF Rate of ASD lower in CDR cohort
Rate of reoperation lower in CDR cohort
Amentetal®> 2016 Cost-Analysis of 330 (Davis etal”) 60 Yes —industry Two-level CDR group had significant costs

Prospective RCT (lb)

sponsored savings compared to Two-level ACDF

Notes: *Level evidenced determined via criteria from Sackett et al.'®

Abbreviations: LOE, level of evidence; CDR, cervical disc replacement; RCT, randomized controlled trial; ACDF, anterior cervical discectomy and fusion; ACCF, anterior
cervical corpectomy and fusion; NDI, Neck Disability Index; VAS, visual analog scale; ROM, range of motion; PRO, patient-reported outcomes; HO, heterotopic ossification;

ASD, adjacent segment degeneration.

postoperatively in both groups, with no statistically signifi-
cant difference between cohorts. Similar to the previously
mentioned studies, radiographic analysis indicated that
two-level fusion led to significantly decreased range of
motion at the operative level compared to two-level CDR.

The most recent and largest study was a prospective, ran-
domized US Food and Drug Administration (FDA) investiga-
tional device exemption (IDE) trial conducted by Davis et al.”’
This study included 4-year follow-up data for 225 patients
undergoing two-level CDR (Mobi-C, LDR Medical, Troyes,
France) and 105 control patients undergoing two-level ACDE.
Both two-level CDR and two-level ACDF groups exhibited
significant improvement in NDI, VAS, and Short Form 12

(SF-12) physical (PCS) and SF-12 mental composite scores
(MCS) at 4-years postoperatively. However, improvement in
NDI and SF-12 PCS was determined to be significantly greater
in the two-level CDR cohort. Furthermore, when queried
regarding patient satisfaction, patients who received two-level
CDR had significantly higher satisfaction rates and would
be more likely to recommend their intervention to a friend.
Another topic of study has been the comparison of
outcomes between patients with single-level pathology
receiving single-level CDR and patients with two-level
pathology receiving two-level CDR procedures. Pimenta
et al”® conducted the first prospective cohort study comparing
single- and multilevel CDR, in which 71 patients receiving
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single-level and 69 patients receiving multilevel CDR (Porous
Coated Motion Device Dynamic Intervertebral Disc Spacer,
Cervitech, Rockaway, NJ, USA) were compared. The authors
demonstrated that the multilevel cohort had significantly
greater improvements in mean NDI, mean VAS, and Odom’s
criteria at 3-year follow-up compared to the single-level
cohort. Huppert et al* compared 56 patients undergoing >two-
level CDR (Mobi-C) to 175 patients undergoing single-level
CDR in a prospective, multicenter study. At 2-year follow-up,
both groups had statistically significant improvements in NDI,
arm VAS, neck VAS, and SF-36 scores. No statistical differ-
ence was noted between the groups. On radiographic analy-
sis, the majority of operative segments in both cohorts had
improved ROM with no difference between the two groups.
Postoperatively, 2two-level CDR patients were noted to con-
sume more analgesics and trended toward later return-to-work
compared to single-level CDR. Bae et al'” also demonstrated
statistically equivalent PRO improvement between cohorts
in a prospective IDE trial comparing 164 patients receiving
single-level CDR to 225 patients receiving two-level CDR
(Mobi-C). Furthermore, upon extensive radiographic analysis,
both single- and two-level CDR cohorts maintained operative
level ROM in FE and LB at 4 years postoperatively.

Adverse events, adjacent segment disease,

and reoperation rate
Determination of the complication rate of two-level CDR
has been an important outcome in many of the previously
mentioned studies. In terms of total adverse events (AEs),
multiple studies have identified a low rate of AEs coupled with
no difference in AE rate between two-level CDR and either
two-level cervical fusion or single-level CDR.!7¢3° Multiple
retrospective case series have reported no significant AEs after
12-24 months postoperatively in patients undergoing two-level
CDR . Huppert et al*® determined that while the incidence of
total adverse events did not differ between groups undergoing
two-level or single-level CDR, the incidence of dysphagia was
significantly higher in patients undergoing multilevel surgery.
However, all cases of dysphagia were self-limited and did not
require further intervention. Similarly, Bae et al'” demonstrated
no statistically significant difference in complication rate
between single-level CDR (4.3%) and two-level CDR (4.0%)
at 24 months postoperatively. Comparing complication rates
between two-level CDR and two-level ACDF, Davis et al?’
noted rates of 4.0% in CDR versus 7.6% in ACDF; however,
this difference was also not statistically significant.

Of the measured complications, radiographic adjacent
segment degeneration and symptomatic ASD have been
topics of interest due to their association with reoperation

requirement. Fay et al*® noted no occurrence of symptomatic
ASD in their population of two-level CDR and two-level
ACDF patients. However, the authors stated that follow-up
longer than 24 months may be required for accurate assess-
ment of ASD. Davis et al?’ noted a higher rate of adjacent
segment degeneration for two-level ACDF (85.9%) than for
two-level CDR (41.5%). The reported rate of reoperation in
two-level CDR patients among all included studies ranged
from 0.0%—4.0%.'726272 All studies supported at least nonin-
feriority of two-level CDR, with Davis et al*’ being the only
study to support a decreased rate of reoperation compared
to two-level ACDF (4.0% versus 8.6%).

Finally, heterotopic ossification (HO) is considered
one of the major complications associated with cervical
disc replacement procedures. As such, comparisons of
the rate of HO in patients undergoing CDR at single- or
two-levels have been included in various studies. Of the
studies included in this review, those analyzing HO have
shown the rate to be equivalent or lower in two-level CDR
compared to single-level CDR.!7* Huppert et al® radio-
graphically categorized cases of HO from grade I to grade
V at 24 months postoperatively, and it was determined that
single-level CDR had an increased risk of higher grade HO
compared to two-level CDR. However, no comparison of
overall rate of HO between single-level and two-level CDR
was presented.

Costs

In the current health care climate, data regarding costs of
particular interventions are becoming increasingly utilized
to shape management decisions. While previous studies have
demonstrated reduced long-term costs after single-level CDR
compared to single-level ACDF, only recently has cost data
become available for two-level CDR procedures.*! Ament
et al*? performed a series of cost analyses of the data from
the FDA IDE study conducted by Davis et al.?’ The authors
demonstrated that two-level CDR was “dominant” compared
to two-level ACDF at 5-year follow-up. The incremental cost-
effective ratio (ICER) for two-level CDR was -$165,103 per
quality adjusted life year (QALY) from a societal perspective.
A negative ICER value is, by convention, associated with
costs savings. Furthermore, two-level CDR was associated
with a $32,690 costs savings over the first five postoperative
years compared to two-level ACDF.

Discussion

Cervical disc replacement represents an alternative to ACDF for
the treatment of cervical degenerative disease. The postulated
benefits of CDR include increased cervical mobility and
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decreased incidence of ASD. While the majority of published
literature involves the characterization of single-level CDR,
recent studies have been performed with the intent to character-
ize the efficacy and safety of two-level CDR. The purpose of this
review was to summarize the major biomechanical and clinical
publications regarding two-level CDR and to better describe its
relative efficacy compared to cervical fusion.

The present review suggests that two-level CDR is nonin-
ferior to two-level cervical fusion in the treatment of cervical
degenerative disease. Of the analyzed studies that included
information regarding patient-reported outcomes (NDI, VAS,
SF-12, etc.) and postoperative complications, all of them
demonstrated at minimum no significant differences between
CDR and ACDFE.*? Conclusions are mixed between studies
regarding the superiority versus noninferiority of CDR. This
may possibly stem from the use of different postoperative
outcome measures and differing follow-up intervals. Radio-
graphically, the majority of presented studies demonstrated
that operative site ROM was increased compared to preopera-
tive and adjacent segment ROM approximated preoperative
levels in two-level CDR cases. This contrasted the results of
two-level ACDE, in which operative site ROM was decreased
and adjacent level ROM was increased. Based on previous
biomechanical studies performed by Durbhakula et al** and
Dmitriev et al,’ this pattern suggests that the risk of ASD is
decreased in two-level CDR compared to two-level cervi-
cal fusion. However, no study involving two-level CDR
has correlated the incidence of radiographically-identified
adjacent segment degeneration with clinically symptomatic
ASD requiring reoperation. Thus, while two-level ACDF
may be associated with greater radiographic adjacent seg-
ment degeneration compared to two-level CDR, the rate of
clinically relevant ASD may not differ.

The results of this review also suggest noninferiority
of two-level CDR for two-level pathology compared to
single-level CDR procedures for single-level pathology. The
majority of conducted prospective studies have demonstrated
that no statistical difference exists in terms of clinical, biome-
chanical, or radiographic outcomes between single-level and
two-level CDR cohorts.!”?#?° This suggests that practitioners
and patients can expect similar postoperative improvements
in patients with multilevel disease who undergo CDR com-
pared to those with single-level pathology. As only three
studies have been performed that directly assess outcomes
comparing single- and two-level populations, further inves-
tigation is necessary to make any definitive conclusions.

Analyzing potential conflicts of interest is necessary,
especially in studies utilizing and comparing industry-pro-
duced medical devices. Of the studies included in this review,

six were identified as having conflicts of interest related to the
receipt of financial support or assistance with study conduct
by the company producing the artificial disc implant.!®327-2
The presence of these conflicts may inherently bias these
studies toward producing at least noninferior, if not superior,
comparative results. In the general orthopedic literature,
Okike et al** demonstrated that studies with conflicts of
interest involving royalties, stock options, consulting fees, or
employee status were more likely to report positive findings.
Similarly, in a study of 1,356 spinal journal articles, Amiri
et al** determined that industry financed studies exhibited
higher rates of favorable outcomes and lower overall level
of evidence. Further research comparing the results of con-
flicted and nonconflicted CDR studies would be beneficial in
definitively determining if bias exists in industry-sponsored
CDR research.

Patient selection in two-level CDR is necessarily driven
by the various inclusion and exclusion criteria presented in
prospective, randomized controlled trials. The most com-
mon indications include subaxial, degenerative disc disease
over two contiguous levels presenting with myelopathy or
radiculopathy.!724262% Furthermore, patients must have failed
a trial of conservative therapy spanning a minimum of 6—8
weeks. Typical contraindications include osteoporosis, meta-
bolic bone disease, malignancy, and infection. Additionally,
within the population of patients with two-level cervical
degenerative disc disease, it has been recommended that
CDR be contraindicated in those with insufficient motion
or bridging osteophytes at one or more of the index levels.*
In such cases, alternative therapy in the form of fusion-
arthroplasty hybrid constructs has been proposed. While
cadaveric studies have indicated that hybrid constructs have
decreased adjacent segment motion,??? there is a paucity of
clinical studies assessing outcomes after utilization of hybrid
constructs in comparison to two-level fusion. Further pro-
spective, randomized studies are required to fully delineate
the potential efficacy of hybrid constructs in cases where
CDR is contraindicated.

In the current health care climate, cost-utility exhibits
an important role in patient selection and the utilization of
two-level CDR versus two-level ACDF. Recently published
long-term costs analyses support reduced costs in both
single-level and two-level CDR compared to single-level
and two-level fusion, respectively.’'*? As previously men-
tioned, Ament et al*? utilized data from the FDA IDE study
conducted by Davis et al*’ to demonstrate that two-level CDR
was associated with significant cost savings compared to
two-level ACDF. However, the results of this study must be
analyzed in the context that the source data comes from an
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industry-sponsored clinical trial. As such, there is the pos-
sibility of bias influencing both data collection and analysis.
This suggests a necessity for further costs analyses of two-
level CDR clinical trials not involving any potential conflicts
of interest. Nonetheless, the current trend in cost analyses
supports that two-level CDR should not be eliminated as a
potential treatment option for qualifying patients.

This review is not without limitations. First, the inclusion
of studies with conflicts of interest may hinder the ability
to make definitive conclusions from this review. However,
these studies represent a significant portion of the literature
regarding CDR, and it was determined that exclusion of
these investigations would detract from providing the most
comprehensive summary of the topic. Second, the included
biomechanical and clinical studies utilized artificial cervical
discs from differing manufacturers. Third, the included clini-
cal studies had differing lengths of required follow-up, limit-
ing the ability to rigorously compare those studies. Fourth, a
similar limitation exists in that the presented studies utilized
differing types of patient-reported and clinical outcome
measures. Finally, the strategy for detecting and classifying
HO and adjacent segment disease differed between studies.
Thus, accurate comparisons of rates of those complications
are limited. While these limitations may hinder the compara-
tive ability of this review, they are not unique issues and are
common among all reviews of prospective or retrospective
studies.

Conclusion

The current literature suggests that two-level CDR is nonin-
ferior to two-level cervical fusion in the treatment of multi-
level cervical degenerative disc disease. While a portion of
the published literature supports the superiority of two-level
CDR in terms of both outcomes and costs, the relative paucity
of studies without significant conflicts of interest impedes
the ability to make a definitive assessment. Patient selection
criteria are driven by the methodology of published clinical
trials and include an indication of cervical degenerative dis-
ease at two contiguous levels with resulting radiculopathy or
myelopathy. Furthermore, alternative therapies such as hybrid
fusion-arthroplasty are emerging as potential therapeutic
strategies in this patient population. Further prospective,
nonconflicted, randomized trials are necessary to better
determine the efficacy and safety of two-level CDR.
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