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ABSTRACT
Background: Although extensive reports of clinical outcome after cervical disc replacement (CDR) and anterior
cervical discectomy and fusion exist, few reviews of the cost-effectiveness research in cervical spine surgery exist. The
purpose of this study was to review the concepts of cost-effectiveness research, the various approaches to costeffectiveness studies in the context of cervical spine surgery, and some of the literature results.
Methods: Review article describing cost-effectiveness research concepts, methodology, and results. The article
reviews the concept of value, cost, utility, incremental cost-effectiveness ratio, and recent research.
Results: Mixed data on cost-effectiveness of CDR compared with fusion exist. Notably, several studies performed
within the last 5 years that use prospectively collected utility scores, costs, and adverse event calculations demonstrate a
significant cost savings associated with CDR compared with fusion.
Conclusions: The recent literature confirms that, in properly selected patients, CDR is more effective and less
costly over a 7-year time horizon for patients with symptomatic degenerative disc disease. The primary driver of the
differential in cost effectiveness is the difference in secondary surgery rates.
Level of Evidence: Level 5
Clinical Relevance: In properly selected patients, CDR is more effective and less costly over a 7-year time horizon
for patients with symptomatic degenerative disc disease.
Special Issue-Cervical Spine
Keywords: cervical total disc replacement, anterior cervical discectomy and fusion, single-level degenerative disc disease,
cost effectiveness

INTRODUCTION
Seven cervical disc replacements (CDRs) have
been Food and Drug Administration (FDA) approved after completion of FDA investigational
device exemption (IDE) studies in 2007.1 Cervical
total disc replacement is an increasingly popular
technique for the treatment of cervical radiculopathy.2–4 Several level 1 and 2 trials have demonstrated outcomes of CDR to be equivalent or superior to
anterior cervical discectomy and fusion (ACDF).5–8
Anterior cervical decompression and fusion has
been the gold standard treatment for cervical
radiculopathy and myelopathy at 1 and 2 levels
due to the direct decompression, safety, and
excellent outcomes at long-term follow up. However, ACDF may potentiate degenerative changes at
adjacent, unfused levels of the spine.9 Symptomatic
adjacent segment disease affects 25% of all patients
who undergo an ACDF by 10 years with more than
two-thirds of patients failing nonoperative therapy
and requiring addition operative interventions.9
After arthrodesis, increased mechanical stresses are

observed at adjacent levels,10,11 potentially leading
to adjacent segment pathology.12–16 By preserving
motion at the index level, CDR has been shown to
reduce the incidence of symptomatic degeneration
at adjacent levels.17–19
Value is deﬁned in health care research as the
relationship between cost and quality.20 Cost is
typically expressed as a cost-effectiveness ratio of
the cost of an intervention related to its quality.
However, there have been fewer analyses of costeffectiveness of disc replacement and ACDF. The
purpose of this study was to review the methodology and ﬁndings of the recent literature on cost
effectiveness of CDR versus ACDF for the treatment of patients with symptomatic degenerative disc
disease.
Concepts in Cost-Effectiveness Research: Cost
Cost is broadly categorized into direct costs and
indirect costs. Direct costs are direct expenses
incurred during the delivery of health care, such as
implant costs, surgical fees, and prescription costs.
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Indirect costs are monetary losses related to the
delivery of health care that are not direct expenditures. Lost wages, unpaid caregiver time (such as
family leave), and lost productivity are examples of
indirect health care costs. Indirect costs are more
difﬁcult to quantify.21,22 Practically, since the length
of hospital stay, therapy protocol, medication
usage, imaging, perioperative complications, and
readmission rates are comparable between ACDF
and CDR, the difference in reoperation rates is a
signiﬁcant driver of direct costs and thus overall
costs.23
A signiﬁcant limitation of cost-effectiveness
research in CDR is the lack of a standardized
method for calculating costs. Although it is obvious
that a thorough, standardized cost accounting is
critical to successful cost-effectiveness research,
signiﬁcant variability in the method of cost assessment in the spine literature affects the outcome of
some studies.24 The most rigorous approach to cost
accounting involves the use of complex, thorough
patient activity journals to track health care
consumption and indirect costs.21,22 However, such
journals are seldom used. Even assessment of direct
costs are confounded by conﬁdential contracts of
surgeon and hospital reimbursements, pharmaceutical costs, anesthesia cost, imaging center costs, and
surgeon and regional variability in costs.23 For this
reason, cost-effectiveness research is often reported
using physician and hospital charges, rather than
reimbursement. However, using charges as the basis
for cost-effectiveness research is suspect since there
may not be a direct correlation between charges and
reimbursement.25 For example, hospital charges in
spine surgery have been increasing in the past
decade despite a decrease in length of stay over
the same time period.26 In addition, charges and
reimbursement may not be related to the actual
labor costs and resource consumption necessary for
health care delivery. New analyses using advanced
time-based activity costing techniques have indicated substantially increased time investments and
therefore costs for common spine surgeries relative
to the reimbursement.27
Concepts in Cost-Effectiveness Research: Utility
Clinical outcome has been widely studied after
spine surgery and, in some cases, compared with
other disease conditions using common outcome
measures such as the 36-item Short Form Survey
(SF-36.)28 However, in cost-effectiveness research,

the outcome portion of the value equation is
assessed using health utility scores. Utility scores
are a standard benchmark scale of the quality of life
at various health care states between perfect health
(which by deﬁnition has a utility score of 1) and
death (which by deﬁnition has a utility score of 0).
Utility scores are measured in quality adjusted life
years (QALYs). Utility scores are calculated using
speciﬁc instruments (mainly the EuroQol-5 dimenson (EQ5D) or the Health Utility Index). The health
utility of various disease states have been described
in previous literature from direct patient surveys
(such as, ‘‘How much time would you trade to not
have this condition?’’).29–31 Utility scores can also be
calculated from general outcome measures (such as
Short Form-6 dimension (SF6D) or some diseasespeciﬁc measures (such as Neck Disability Index).32
In contrast to general outcome measures, utility
scores employ preference weighting, since they are
derived from surveys that ask the individual to
weigh their disease state versus their overall health
and life. Reoperations may also affect clinical
outcomes since they generally occur for ongoing
or unresolved symptomatology.33
When comparing CDR with ACDF, speciﬁc
limitations in the outcome research may affect
cost-effectiveness calculations. The reported utility
scores in the large clinical trials may be affected by
afﬁrmation bias since the patients were not blinded
to the intervention.34 Thus, some critics suspect that
patient euphoria about participating in a clinical
trial may overcome a poor clinical outcome.
However, it is not clear that such afﬁrmation bias
would persist long term or would affect utility
scores. Additionally, in at least 1 study, the ACDF
secondary surgery rate was higher than that which
was expected in the literature and in a concordant
group of patients treated at the same institution.35
This ﬁnding may indicate that increased surveillance
and scrutiny of ACDF outcomes in IDE study
conditions. Utility values may also underestimate
the impact of some spine-speciﬁc factors on patient
quality of life.36 Finally, it is not clear if the IDE
study results can be generalized to the population
since the IDE studies included only a select group of
patients.37
Concepts in Cost-Effectiveness Research:
Incremental Cost-Effectiveness Ratio
Thus, cost effectiveness of an intervention is
deﬁned as the relationship between cost over a
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speciﬁc period of QALY (cost/QALY). To compare
the cost effectiveness of 2 interventions, an incremental cost-effectiveness ratio (ICER) is most often
calculated.5 The ICER is the ratio of change in costs
to the change in QALY. For example, comparing
surgery A and surgery B, the ICER is (CostSurgeryA 
CostSurgeryB)/(QALYSurgeryA  QALYSurgeryB).
Critical Literature Review
Early cost-effectiveness analyses comparing
ACDF and CDR used data gathered from different
sources. For example, in 2013, Qureshi et al38
performed a cost-effectiveness analysis of CDR
versus fusion using outcomes data from the medical
literature, complications data from the Nationwide
Inpatient Sample, and gross physician costs from
the mean Medicare reimbursement. A second study
evaluated cost effectiveness using complications and
outcome data from the literature, utility scores from
an IDE study dataset, and physician costs from the
Medicare reimbursement.39 Both studies suggested
that CDR was cost savings relative to ACDF in the
long term. In both studies, the cost effectiveness of
CDR was heavily dependent on the reoperation rate
in the model, and long-term data were suggested.
However, both studies were limited by the shortterm follow up, the heterogenous data sources, and
the lack of speciﬁc patient-level data about adverse
events.
Recent cost-effectiveness analyses within the last
5 years have substantially improved scientiﬁc rigor
by using the same dataset for estimation of costs
and outcomes. Warren et al40 used single-center
data from 31 patients enrolled in the ProDisc C IDE
study. Physician and hospital costs were derived
from local hospital data. Additionally, the outcome
data were derived from direct chart review at the
host institution. The authors found ACDF to be
more costly but more effective than CDR at 2
years.40 However, this study did not include
postoperative health care resource utilization, including secondary surgery.
Overley et al41 recently presented a very sophisticated analysis of cost effectiveness of 2-level
ACDF versus CDR using data from the Prestige
IDE trial. The authors used utility data from the
Prestige LP IDE trial. Cost data were derived from
Current Procedural Terminology (CPT) and ICD
costs of the initial hospital stay. Probabilities of
complications were derived from the IDE study
dataset. The authors considered complications

within 90 days after the index surgery. A generic
cost was assigned to all perioperative complications
(which was determined to have a probability of 0.11
ACDF and 0.081 CDR). After 90 days, only
secondary surgeries were considered again using
probabilities from the same dataset. The authors
found that 2-level CDR and ACDF are both costeffective strategies at 5 years. Neither strategy was
found to be more cost effective with an ICER
greater than the $50 000/QALY willingness to pay
(WTP) threshold.
Unfortunately, tremendous variability still exists
in the methodology of calculating direct costs in
CDR studies. For example, using the ZimmerBiomet Mobi C database, Ament et al42 reported
that the 5-year cost of a 2-level CDA cost was
$23 459. In contrast, Overley et al41 reported that
the cost of a 2-level CDA with a 5-year follow up
was $130 417. The reason for the difference in cost
calculation is due to differences in the method of
calculation of costs. Overley et al41 used International Classiﬁcation of Diseases, Ninth Revision,
diagnosis-related group and CPT codes speciﬁc for
each surgical procedure. Ament et al42 used the IDE
study database. The authors included speciﬁc costs
of postoperative visits, postoperative medications,
and adverse events that required secondary procedures. Adverse events that did not require secondary
surgery (such as dysphagia) were excluded. The
authors found that the ICER for CTDR was
$165 103 per QALY. Furthermore, the authors
determined that the ICER for CTDR remained
below the US willingness-to-pay threshold of
$50 000 per QALY in all scenarios.42
Another methodology to overcome the limitation
of charges is use of payer data on actual expenditures. Radcliff et al43 conducted a cost-minimization
analysis using a single dataset from a health care
payer (Blue Health Intelligence). The authors found
reduced rates of expenditure by the payer on the
index surgery costs and the posthospital health care
resource use in CDR versus ACDF patients
($29 697 versus $42 486, P , .05 through 7 years).
Even excluding index-level surgery costs, the expenditure per member per month was lower in CDR
patients through 36 months. Additionally, the
reoperation rate was lower in CDR patients.43 In
addition to the avoidance of charge data, this study
of real-world data (outside of IDE study conditions)
may have been less susceptible to industry funding
bias compared with the IDE studies.
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Radcliff et al43 performed a retrospective cost
analysis of a prospective database from an IDE
study and postapproval study. The authors calculated utility scores calculated from SF-36 survey of
patients in the Prodisc-C IDE and Post-Approval
Study. In addition, the authors directly evaluated
each chart for speciﬁc adverse events that were
outside of the normal course of care (such as a
swallow study or otolaryngologist consult for
dysphagia at 3 months postoperatively). Interventional pain procedures and postoperative physical
therapy outside of the normal course of treatment
were also documented. In this manner, the authors
attempted to capture all clinical events that could
incur a direct cost. Costs were imputed to each
clinical event. The authors found that the cumulative costs of ACDF and CDR at 7 years were
$42 486 and $29 697, respectively. Utility score
measurements demonstrated an improvement in
QALY in CDR over ACDF (4.36 ACDF versus
4.52 CDR) at 7 years. Thus, CDR was a dominant
strategy, as it was found to be less expensive but also
more effective. The ICER was $79 931.25.
Future Directions
Future studies may report comparative effectiveness using measures other than ICER. As indicated
above, both the Ament et al42 study and the Radcliff
et al43 study reported negative ICERs. A negative
sign on the ICER in these studies indicates that the
CDR technology is less expensive and more
effective. However, the negative sign could also
indicate that the technology was more expensive and
less effective. Thus, without additional clinical
information, the interpretation of the negative sign
of the ICER could have completely different
implications. Thus, in health economics studies, a
net monetary beneﬁt is also reported as an
alternative representation of ICERs, representing a
singular monetary measure of incremental cost
effectiveness at a speciﬁc willingness-to-pay threshold.44,45 Net monetary beneﬁt (NMB) overcomes
several limitations inherent in the use of ICERs to
describe the results of cost-effectiveness analyses.
Net monetary beneﬁt is derived by rearranging the
ICER calculation into a linear function by converting QALYs into monetary units at a speciﬁc
willingness-to-pay threshold, as follows: NMB ¼
(willingness to pay 3 DQALYs)  Dcosts.44
By deﬁnition, health interventions with positive
incremental NMB values (ie, greater than $0) are

cost effective at speciﬁed thresholds for the value
assigned to an incremental QALY.44
Radcliff et al43 determined that the mean NMB
of $20 679 ($6 053–$35 377) at a willingness-to-pay
threshold of $50 000/QALY. CTDR was cost
effective relative to ACDF at WTP thresholds
ranging from $10 000/QALY to $100 000/QALY.
Additionally, as discussed above, no data indicated that the current charges of health care are
actually representative of the expenses incurred in
the delivery of health care. For example, when
purchasing an automobile, it is not uncommon to
review a factory invoice to obtain a basic understanding of the worth of the automobile. The
factory invoice is thought to represent the cost to
the manufacturer for goods and labor to assemble
the car and is a common starting point for
negotiation for buyer and seller. Then price
negotiations with the dealer center on a speciﬁc
markup (usually 3%–5%) that represents proﬁt for
the dealer. However, in health care, prices are based
at legacy levels without a clear basis on the value of
the goods and services. A methodology called timedriven activity-based costing (TDABC) analysis
attempts to quantify the speciﬁc cost of the delivery
of health care goods and services. Time-driven
activity-based costing assesses and assigns a cost
to incremental time spent by various health care
parties (eg, patient spent 5 minutes in registration 3
the salary of a registration clerk per minute, 15
minutes with a physical therapist 3 the physical
therapist salary per minute, 2 hours with a post
anesthesia care unit ( PACU ) nurse 3 PACU nurse
hourly salary, etc.) to determine actual health care
costs.46 Schroeder et al46 reported that using this
methodology, the total direct cost through 90 days
for a single or 2-level ACDF is $29 299. To date, no
speciﬁc study of ACDF versus CDR has used
TDABC analysis. However, given the increased
technical difﬁculty of disc replacement relative to
ACDF, it is possible that the index surgery will be
slightly more costly due to the use of ﬂuoroscopy
and careful, limited resection.

CONCLUSIONS
Cost-effectiveness research fundamentally elucidates the challenge to payers, patients, and providers of health care is to maximize net beneﬁts
obtained from health care expenditures. A consistent criticism is that new health care technologies
are more expensive than existing alternatives, while
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their efﬁcacy is unproven. Ideally, the best interventions will not only optimize outcomes but will
also in turn help curb health care spending in the
long term. In the context of CDR versus ACDF,
cost-effectiveness studies have become increasingly
sophisticated in the past decade. Future methods
such as TDABC and reporting of NMB may better
illuminate the true cost of ACDF and CDR. Most
of the recent literature indicates that CDR not only
results in a superior clinical outcome but also is cost
saving relative to ACDF in properly selected
patients. The largest driver of cost savings is the
reduced rate of secondary surgery in CDR patients.
With longer-term follow up, the ﬁnancial beneﬁt of
CDR will likely be magniﬁed.
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