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Background: Due to increased postoperative complications with anterior cervical discectomy and fusion (ACDF),
there has been an increasing interest in the use of cervical disc arthroplasty (CDA). Advancements in prosthetic
designs and techniques have improved patient reported outcome measurements and minimized revision rates.
There is a paucity in the literature regarding recent trends in CDA utilization and revision rates. The purpose of
this study was to determine annual primary and revision CDA trends with the use of an administrative database.
Methods: A retrospective review from 2005-2014 was performed using the Medicare Standard Analytical
Files from the PearlDiver supercomputer (PearlDiver Technologies, Fort Wayne, IN, USA). Patients who
underwent primary CDA were queried using International Classification of Disease, ninth revision (ICD-9)
and current procedural terminology (CPT) code 84.62 and 22856, respectively. Revision CDAs were queried
using ICD-9 procedure code 84.66. Primary outcomes of this study included annual primary procedures,
annual revision incidence (RI), and additional demographic data such as age, gender, geographic location,
Charlson-Comorbidity Index (CCI); in addition to length of stay (LOS), cost, and reimbursement.

Results: The query returned 2,016 and 517 primary CDA and revision CDA procedures were performed
in the Medicare database, respectively. The data showed that the CAGR of primary and revision CDA
procedures to be 20.54% and 5.84% (P<0.001), respectively. RI and RB demonstrated a CAGR of -12.22%
and -9.61%, respectively. Patients younger than the age of 65 represented the majority of the patients
undergoing this procedure. Demographically, primary and revision CDAs were found highest in the South.
Conclusions: The data demonstrates a high rate of annual growth in CDA utilization (20.54%) and
revision CDA (5.84%), indicating there is an increase demand for CDA in the United States. Compared to
ACDF, patients who undergo CDA have improved patient reported outcome measurements and lower rates

of postoperative complications.
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Introduction the “gold standard” for patients suffering from cervical

radiculopathy or myelopathy (1). Lied er al. found that
Anterior cervical discectomy and fusion (ACDF) was first ACDF was also an effective procedure in alleviating pain
introduced by Cloward in 1959 and has been considered in patients suffering from cervical degenerative disc disease
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(DDD) (2). Despite all the benefits, patients undergoing
primary ACDF have been shown to be susceptible to
complications such as hypermobility, pseudarthrosis,
dysphagia, and adjacent segment degeneration (ASD) (3).
These complications along with the goal of restoring
the motion segment have led to several new constructs
and technologies. Cervical disc arthroplasty (CDA) has
emerged as an option for mitigating these postoperative
complications and as a solution for preserving the motion
segment without adding stress onto adjacent segments (4-6).
CDA accomplishes these goals by maintaining disc space
height and by preserving natural physiological forces and
motion (7-9). In a 2-year follow up study by Skovrlj et /.,
patients who underwent primary CDA had mean rate of
reoperation of 1.0%, a revision rate of 0.2%, and a removal
rate of 1.2% (10). Initially, one of the CDA implants was
indicated for use in selective patient populations, specifically
ages 18-60 (11). This study found better improvements in
neck disability index (NDI) and visual analogue scale (VAS)
scores for patients treated with CDA when compared to
ACDF (11). The purpose of this study was to determine
the trends in CDA utilization, the rates of CDA revision,
and demographic considerations in CDA and revision CDA
such as age and gender.

Methods

A retrospective review from 2005-2014 was performed
using the Medicare Standard Analytical Files from the
PearlDiver supercomputer (Pearl Diver Technologies, Fort
Wayne, IN, USA). PearlDiver is a commercially available
database which has been used extensively for orthopedic-
related research. The database is compliant with the Health
Information Portability and Affordability Act (HIPAA)
and contains the records of over 100 million patients.
Information such as diagnosis, procedures, complications,
length of stay (LOS), charges, and reimbursements are
available, in addition to other information. Patients were
queried using the International Classification of Disease,
ninth revision (ICD-9) and current terminology procedural
(CPT) codes. All patients, in the database, who underwent
primary CDA were queried using ICD-9 procedural codes
84.62 and CPT code 22856. Patients who underwent
revision CDA were queried using ICD-9 procedure code
84.66. Following the methods by Law et 4/, the primary
outcomes of this study were annual utilization of CDA,
annual revision incidence (RI), and the burden of revision
rates on the healthcare system (12). Revision burden (RB)
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was defined as the ratio of revisions to the sum of revision
and primary procedures of CDA (12). Furthermore, age,
gender, geographical location, Charlson-Comorbidity Index
(CCI) and average LOS were also examined in the study.
Lastly, average day of surgery costs and reimbursements
were also analyzed and compared between the different age
cohorts.

Statistical analysis was performed using the programming
language R (University of Auckland, New Zealand), with
data being primarily descriptive in addition to calculating
the compound annual growth rate (CAGR) of primary and
revision CDA procedures.

Results

Between 2005-2014, a total of 2,016 and 517 primary
CDA and revision CDA procedures were performed in
the Medicare database, respectively. The data showed
that the CAGR of primary and revision CDA procedures
to be 20.54% and 5.84% (P<0.001), respectively. RI and
RB demonstrated a CAGR of -12.22% and -9.61%,
respectively (Table 1) (Figure 1).

Patients younger than the age of 65, comprised majority
of the patients undergoing primary (n=1,190; 57.64%) and
revision CDA (n=269; 52.33%) procedures, respectively;
however, rates of primary CDA decreased as patients aged
(Figure 2) (Table 2). Average CCI and LOS increased with
increasing age of patients (7able 3). Females represented
majority of the gender undergoing primary (54.76%) and
revision (51.25%) CDA procedures (Table 4). Primary CDA
was most commonly performed in the South (42.21%),
followed by the West (21.73%), Midwest (19.99%), and
Northeast (15.92%); whereas revision rates for CDA
showed that patients in the South (54.16%) had the highest
incidence followed by Northeast (15.86%), Midwest
(15.67%), and the West (14.31%) (Table 5). Cost data
showed a correlation with age with patients under the age of
65 incurring a total cost of $63,411.05 compared to patients
older than the age of 85 incurring a total cost of $102,432.19.
Average day of surgery reimbursements in patients younger
than 65 was $12,085.05 compared to patients over the age
of 85 who incurred an average reimbursement of $18,552.63
(Figure 3).

Discussion

CDA is a relatively new procedure with landmark papers
on CDA listing herniated nucleus pulposus (HNP),
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Table 1 Annual trends in cervical disc arthroplasty (CDA) vs. revision CDA in the Medicare population from 2005-2014

Years Primary CDA Revision CDA Revision incidence (%) Revision burden (%)
2005 72 36 50.00 33.33
2006 134 48 35.82 26.37
2007 138 60 43.47 30.30
2008 195 51 26.15 20.73
2009 202 62 30.69 23.48
2010 228 45 19.73 16.48
2011 220 45 20.45 16.98
2012 191 52 27.22 21.39
2013 254 58 22.83 18.58
2014 387 60 15.50 13.42
Total 2,021 517 25.58 20.37
CAGR 20.54% 5.84% -12.22 -9.61
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Figure 1 Annual trends of primary cervical disc arthroplasty (CDA) utilization and revision CDA within the Medicare database from 2005-2014.

radiculopathy/myelopathy, spondylosis, and loss of disc
height as the main indications for use of the implant (13-15).
The purpose of this study was to examine the trends
in CDA utilization and revision rates by analyzing a
comprehensive Medicare database between 2005-2014. The
study illustrates that CDA utilization has been increasing
through the examined study period, whereas RI has
decreased.

For years, ACDF has been the gold standard in treatment
for symptomatic cervical disease (16). However, the process
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of fusion has been shown to impact cervical range of motion
(ROM) in patients (17,18). Wu ez 4l. found that patients
who underwent primary ACDF had statistically significant
reduced ROM postoperatively compared to preoperative
measurements (18). Compared to ACDF, the literature
has shown that patients undergoing CDA have either
maintained or had improved ROM.

In a 5-year prospective study performed by Ryu ez 4/,
patients who underwent single level CDA placement had
a slight increase of 2° in early postoperative ROM at the
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Figure 2 Annual trends of primary cervical disc arthroplasty utilization by age in the Medicare population from 2005-2014.

Table 2 Primary revision cervical disc arthroplasty by gender in the
Medicare population

Age Primary CDA Revision CDA
Unknown a 2

<65 1,190 269
65-69 379 98
70-74 216 76
75-79 143 42
80-84 60 19

>85 16 @

?, unavailable data. CDA, cervical disc arthroplasty.

superior adjacent level (16). This increased ROM was
constant at 5-year postoperatively (16). In another 2-year
prospective randomized multicenter clinical trial, cervical
ROM was compared to patients undergoing either CDA
or ACDF. The 24-month outcome results illustrated that
patients undergoing primary CDA had maintained their
original ROM, whereas this was reduced in the ACDF
group. No significant difference was noted between
the groups on their NDI score or VAS scores for pain.
Furthermore, one patient in the CDA group required a
revision procedure, compared to four patients in the ACDF
group. The trend towards low reoperation rates of patients
undergoing primary CDA found in this study is consistent
with the findings in the literature.

Skovrlj er al. reported that the rates of surgical
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interventions following primary CDA are low (mean, 2.4%;
range, 0-4.1%) and these reoperations were mainly attributed
to poor patient selection and surgical technique (10).
In addition to minimizing postoperative complications,
advancements in CDA have led to improved postoperative
outcomes and should be considered as an intervention
for patients with cervical DDD. Jawahar e 4/. found that
patients above the age of 50 undergoing CDA had greater
overall success, higher VAS scores and NDI scores when
compared to ACDF (19). A meta-analysis performed by
Xie er al. in comparing the safety and efficacy of CDA
to ACDF in treating DDD found significant differences
between these procedures in terms of neurological success,
range of motion, VAS scores of the neck and arm, rates of
adverse events, and reoperations (4). This would help to
explain the increasing popularity of CDA use in the study
with the disproportionate increase in revisions, potentially
showing improved survivorship. Our data also demonstrates
that CDA use in older patients is also increasing. Annual
use has increased at an average rate of 17.97% in the
65-69 age bracket, 4.60% in the 70-74 age bracket, and
7.44% in the 75-79 age bracket. These findings suggest
that surgeon comfort with performing CDA in the elderly
population continues to rise as well. The results of this
study are consistent with that of Lu ez 2/. who found that
from 2008-2010, the number of primary CDA procedures
performed increased by 11.8% utilizing the Nationwide
Inpatient Sample (NIS) database (20).

The study is not without limitations. Being a database
analysis study, the validity of the study and results are
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Table 3 Charlson-Comorbidity Index (CCI) and length of stay of patients by age in the Medicare population undergoing primary cervical disc

arthroplasty
Age breakdown
Variable
Unknown <65 65-69 70-74 75-79 80-84 >84
CCl + SD 1.56+0.73 3.32+1.91 4.23+1.83 5.46+2.23 5.93+2.07 6.2+2 6.75+2.1
LOS + SD 3+4.55 1.88+2.89 2.14+3.84 2.37+3.44 4.12+5.6 5.75+5.63 4.6+5.34

SD, standard deviation; LOS, length of stay.

Table 4 Primary vs. revision cervical disc arthroplasty by gender in
the Medicare population

Table 5 Primary vs. revision cervical disc arthroplasty by region in
the Medicare population

Gender Primary CDA (%) Revision CDA (%) Region Primary CDA (%) Revision CDA (%)
Female 1,104 (54.76) 265 (51.25) Midwest 403 (19.99) 81 (15.67)
Male 900 (44.64) 248 (47.96) Northeast 321 (15.92) 82 (15.86)
Unknown B @ South 851 (42.21) 280 (54.16)
?, unavailable data. CDA, cervical disc arthroplasty. West 438 (21.73) 74 (14.31)
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Figure 3 Day of surgery cost and reimbursements for patients undergoing primary cervical disc arthroplasty within the Medicare database.

reliant on the accuracy of procedural coding within the
database (21). This translates to the fact that miscoding and
noncoding by providers is a potential source of error. It is
estimated that 1.3% of coding errors are currently present
within the Medicare population (21). Secondly, the study
utilized only a single insurer’s data in the analysis, and may
not represent a true cross sectional representation of the
number of patients undergoing primary and revision CDA
in the United States (22). Additionally, comorbidities such
as diabetes and smoking were not stratified as variables that
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could potentially impact the incidence of CDA revision
rates (11). Lastly, a selection bias may also be present as
patients in the study may enter or exit the database as a
natural manifestation (22).

Conclusions

The study illustrates the increasing annual growth of CDA
utilization within the Medicare database, indicating that
there is an increased patient demand for and/or surgeon
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comfort with CDA in the United States. This may be
attributable to the decreased postoperative complications
seen in patients undergoing primary CDA compared to
those undergoing ACDF, and improved clinical outcome
measurements. The study illustrates recent trends in CDA
utilization and increases the awareness of the procedure.
Further prospective studies are warranted on determining
the efficacy of this increasingly popular procedure.
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