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OBJECTIVE The authors assessed the 10-year clinical safety and effectiveness of cervical disc arthroplasty (CDA) 
to treat degenerative cervical spine disease at 2 adjacent levels compared to anterior cervical discectomy and fusion 
(ACDF).
METHODS A prospective, randomized, controlled, multicenter FDA-approved clinical trial was conducted comparing 
the low-profile titanium ceramic composite–based Prestige LP Cervical Disc (n = 209) at two levels with ACDF (n = 188). 
Ten-year follow-up data from a postapproval study were available on 148 CDA and 118 ACDF patients and are reported 
here. Clinical and radiographic evaluations were completed preoperatively, intraoperatively, and at regular postoperative 
follow-up intervals for up to 10 years. The primary endpoint was overall success, a composite variable that included key 
safety and efficacy considerations. Ten-year follow-up rates were 86.0% for CDA and 84.9% for ACDF.
RESULTS From 2 to 10 years, CDA demonstrated statistical superiority over ACDF for overall success, with rates at 
10 years of 80.4% versus 62.2%, respectively (posterior probability of superiority [PPS] = 99.9%). Neck Disability Index 
(NDI) success was also superior, with rates at 10 years of 88.4% versus 76.5% (PPS = 99.5%), as was neurological suc-
cess (92.6% vs 86.1%; PPS = 95.6%). Improvements from preoperative results in NDI and neck pain scores were consis-
tently statistically superior for CDA compared to ACDF. All other study effectiveness measures were at least noninferior 
for CDA compared to ACDF through the 10-year follow-up period, including disc height. Mean angular ranges of motion 
at treated levels were maintained in the CDA group for up to 10 years. The rates of grade IV heterotopic ossification (HO) 
at the superior and inferior levels were 8.2% and 10.3%, respectively. The rate of severe HO (grade III or IV) did not 
increase significantly from 7 years (42.4%) to 10 years (39.0%). The CDA group had fewer serious (grade 3–4) implant-
related or implant/surgical procedure–related adverse events (3.8% vs 8.1%; posterior mean 95% Bayesian credible 
interval [BCI] of the log hazard ratio [LHR] -0.92 [-1.88, -0.01]). The CDA group also had statistically fewer secondary 
surgical procedures at the index levels (4.7%) than the ACDF group (17.6%) (LHR [95% BCI] -1.39 [-2.15, -0.61]) as well 
as at adjacent levels (9.0% vs 17.9%).
CONCLUSIONS The Prestige LP Cervical Disc, implanted at two adjacent levels, maintains improved clinical outcomes 
and segmental motion 10 years after surgery and is a safe and effective alternative to fusion.
Clinical trial registration no.: NCT00637156 (clinicaltrials.gov)
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Although anterior cervical discectomy and fusion 
(ACDF) is the standard surgical treatment for cer-
vical degenerative disc disease (DDD) associated 

with radiculopathy and myelopathy, clinical studies have 
demonstrated the safety and efficacy of total cervical disc 
replacements, variously referred to as total disc replace-
ment (TDR), cervical total disc replacement (cTDR), cer-
vical disc replacement (CDR), cervical disc arthroplasty 
(CDA), and artificial disc replacement (ADR), for both 
one- and two-level disease.2–5,7,10–12,15,20,21,24,25,27 These stud-
ies used ACDF as the control group/standard treatment 
against which to assess noninferiority and potential supe-
riority of CDA.

ACDF affects segmental motion at adjacent verte-
brae, altering spinal biomechanics and creating abnormal 
loads,6,32 which may place additional stress on adjacent 
discs that could accelerate their degeneration.9,26,32 Many 
patients have multilevel disease, and two-level ACDF may 
result in even greater stresses to adjacent discs.17 Multi-
level ACDF also has higher rates of pseudarthrosis, revi-
sions, complications, and reoperations than single-level 
ACDF.28,30 CDA was designed as a motion-preserving al-
ternative to ACDF for treating DDD at one or more levels.

The Prestige LP Cervical Disc (Medtronic, Inc.) was 
approved by the FDA in 2014 for treating single-level 
DDD and intractable radiculopathy or myelopathy.10 A 
clinical trial began in 2006 to evaluate the safety and ef-
ficacy of Prestige LP at two adjacent levels compared to 
ACDF. The primary outcome measure was overall suc-
cess 24 months following surgery. Overall success rates 
were 81.4% and 69.4% for the CDA and ACDF groups, 
respectively.11 Both noninferiority and superiority in over-
all success were established for CDA compared to ACDF, 
and the FDA granted marketing approval for the use of the 
Prestige LP Cervical Disc in the treatment of two-level de-
generative disc disease with intractable radiculopathy and/
or myelopathy in 2016. A postapproval study (PAS) with 
patient follow-up to 10 years was required by the FDA, and 
7-year follow-up results have been reported.15 Those results 
continued to show the noninferiority of CDA compared to 
ACDF as well as superiority in overall success and other 
measures.

This report assesses long-term effectiveness and safety 
of the Prestige LP Cervical Disc at two contiguous levels, 
comparing outcomes at 10 years postoperatively to those 
for ACDF. To our knowledge, this is the first randomized 
study with 10-year follow-up data for a two-level use of a 
spinal device.

Methods
Surgeries for this clinical trial occurred between 

June 2006 and November 2007 (clinicaltrials.gov, 
NCT00637156). The study protocol and informed consent 
form received IRB approval (Western Investigational Re-
view Board, protocol no. 20060636, study no. 1078218). 
The prospective, randomized, multicenter, controlled 
study was designed to assess the safety and efficacy of 
two-level cervical disc arthroplasty with the Prestige LP 
Cervical Disc compared with the control treatment (a two-
level anterior cervical fusion procedure involving cortical 

ring allograft and the ATLANTIS Cervical Plate System, 
Medtronic, Inc.) in patients with intractable radiculopathy 
and/or myelopathy at two adjacent levels of the cervical 
spine. Informed consent was obtained from all patients. 
The specific methods and procedures for this clinical trial 
have been described in detail elsewhere, including inclu-
sion and exclusion criteria and detailed definitions of all 
outcome measures.11,15 Key components of the research 
protocol are summarized below.

Patients
Patients were randomized to receive either Prestige 

LP CDA or the fusion control treatment. In total, 397 pa-
tients (209 CDA and 188 ACDF) were treated with the 
assigned treatment. Characteristics of the CDA patients 
included mean (SD) age of 47.1 (8.3) years, 56.0% female, 
and 93.3% Caucasian. The treatment groups were similar 
demographically, with no statistical differences (p ≥ 0.05) 
except preoperative work status (not considered a clini-
cally important difference).11 The groups did not differ in 
relevant preoperative medical conditions or medication us-
age, including time from symptom onset to surgery, previ-
ous neck surgery, or pain medication usage. Radiculopathy 
was the presenting complaint in 71.8% and 72.9% of the 
CDA and ACDF groups, respectively, with another 25.8% 
and 23.9%, respectively, presenting with both radiculopa-
thy and myelopathy. Finally, there were no significant pre-
operative differences between groups in any of the clinical 
measures. Treatment levels were C5–6 or C6–7 in 78% of 
CDA and 75% of ACDF patients.

At 10 years postoperatively, 148 patients in the CDA 
group and 118 in the ACDF group had evaluations (Table 
1), yielding follow-up rates of 86.0% for CDA and 84.9% 
for ACDF after excluding patients at sites not participat-
ing in the PAS study, deaths, and withdrawals. Nearly all 
withdrawals were initiated by patients after surgery, most 
commonly because they found the study requirements too 
demanding (e.g., too much time, too many visits), they 
were feeling better and did not feel they needed to see the 
doctor, or they were moving from the area. For patients lost 
to follow-up over time, the most frequent reasons were lack 
of contact information after moving out of the area or un-
willingness to undergo further evaluations; some patients 
died. Patient demographics and preoperative medical sta-
tus and medication usage were compared between groups 
for just patients included in this 10-year follow-up study. 
No significant differences were found. The mean patient 
age preoperatively was 47.1 years for CDA patients and 
47.6 years for ACDF patients.

Materials
Investigational Device

The Prestige LP Cervical Disc is a dynamic device made 
of a titanium alloy/titanium carbide composite (also re-
ferred to as titanium ceramic composite). It contains small 
amounts of vanadium and aluminum and does not contain 
nickel or chrome. It is implanted through an anterior ap-
proach following a discectomy and is available in various 
sizes to accommodate the intervertebral disc space and to 
engage adjacent vertebral bodies. Device components are 
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placed into the vertebral bodies through impaction at sur-
gery and maintained via bony ingrowth over time.

Outcome Measures
The primary endpoint was “overall success,” a compos-

ite of safety and efficacy endpoints. Overall success was 
achieved if the postoperative score improvement in the 
Neck Disability Index (NDI)31 was ≥ 15 points, neurologi-
cal status did not worsen, and no serious implant-associat-
ed or implant/surgical procedure–associated adverse event 
(AE), or second surgery, which was deemed “failure,” 
occurred. Definitions of “success” for individual efficacy 
measures have been previously described.15

Other outcome measures included neck and arm pain 
numerical rating scales adapted from a previously defined 
scale,18 yielding a total pain score based on both intensity 
and frequency; the Medical Outcomes Study SF-3633 Phys-
ical Component Summary (PCS) and Mental Component 
Summary (MCS); radiographic assessments of 3 types 
(disc height assessed using functional spinal units [FSUs], 
heterotopic ossification [HO] assessed only in the CDA 
group and graded from 0 to IV according to the method 
reported by Mehren et al.,19 and implant condition); pa-
tient satisfaction (3 questions answered numerically with 
a 5-point scale from “definitely true” to “definitely false”); 
patient global perceived effect (7-point scale from “com-
pletely recovered” to “vastly worsened”); foraminal com-
pression test; physician’s perception of results (“excellent,” 
“good,” “fair,” or “poor”); AE including severity (grades 
1–4) and possible association with implant and/or surgical 
procedure assessed by an independent Clinical Adjudica-
tion Committee; neurological status; and secondary surgi-
cal procedures classified as revision, removal, supplemen-
tal fixation, reoperation, or other. A secondary surgical 
procedure at the index level(s) caused the patient’s surgical 
outcome to be classified as a study failure with respect to 
overall success if it required supplemental fixation, im-
plant removal, or revision.

Procedures
Patient evaluations occurred preoperatively (within 6 

months of surgery), at surgery, and postoperatively at ap-
proximately 6 weeks, 3 months, 6 months, and 1, 2, 3, 5, 7, 
and 10 years. The clinical trial endpoint for the investiga-
tional device exemption (IDE) study was 24 months, but 
PAS follow-ups have continued, and the 10-year findings 
are the subject of this report.

Radiographic Measurements
Images obtained at study sites were sent to a central 

core laboratory (Biomedical Systems, St. Louis, MO) for 
independent review by two primary reviewers using a 
proprietary imaging archival system and software-based 
measurement tools for quantitative measurements (e.g., in-
tervertebral angle, horizontal translation, FSU height, etc.). 
A third reviewer was used for adjudications.

Statistical Methods
The primary objective of the IDE study was to demon-

strate that the overall success rate in the CDA group was 
statistically noninferior to the overall success rate in the 
ACDF group at 24 months following surgery, with a pre-
specified noninferiority margin of 0.10 (i.e., a minimum 
clinically important difference in success rate of 10%). If 
noninferiority in overall success was established for CDA 
compared to ACDF, the CDA treatment was considered to 
be safe and effective, and then superiority was evaluated. 
Success rates for individual effectiveness endpoints were 
compared between the two treatment groups; when non-
inferiority of CDA was established, superiority was evalu-
ated. This same analysis strategy was used for the PAS 
evaluations, including the 10-year results presented here.

Bayesian statistical methods were used for comparing 
differences in success rates between groups. The criterion 
for noninferiority and for superiority of CDA compared to 
ACDF was a posterior probability of at least 95%. Because 
noninferiority for overall success and individual endpoints 
was, in fact, established, only posterior probability of su-
periority (PPS) results are presented here. Improvements 
from preoperative results in continuous measures such as 
NDI scores, SF-36 scores, and neck and arm pain scores 

TABLE 1. Patient accountability for long-term follow-up

Patient Status
5 Yrs 7 Yrs 10 Yrs

CDA ACDF CDA ACDF CDA ACDF

Enrolled 209 188 209 188 209 188
At sites not participating at 10 yrs 0 0 0 0 28 28*
Theoretical follow-up 209 188 209 188 181 160
Cumulative withdrawals 5 12 6 14 7 18
Cumulative deaths 1 1 2 2 2 3
Patients to be expected 203 175 201 172 172 139*
Evaluated expected patients 167 140 154 127 148 118*
Follow-up (%) 82.3 80.0 76.6 73.8 86.0 84.9

Values are presented as number of patients unless otherwise indicated.
* One ACDF patient who was at one of the nonparticipating sites, and thus was not included in the numbers of expected or evaluated patients, 
had a serious implant-related AE at 6 weeks postoperatively and by definition the results for this patient were considered a failure for overall 
success at all subsequent time points. Therefore, there were 119 patients in total who had overall success results at 10 years.
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were also compared between treatment groups by using 
Bayesian methods.

For all adverse events and secondary surgical proce-
dures, including secondary surgeries involved with adja-
cent level(s), usual hypotheses were used to assess statisti-
cal differences between treatment groups. Log hazard ra-
tios (LHRs) of rates of occurrence between groups and the 
95% Bayesian credible interval (BCI) of highest posterior 
density (HPD) were computed to determine whether rates 
differed statistically between groups. Noninformative pri-
ors were used for all Bayesian analyses.

For patients who had additional (“secondary”) surgical 
procedures/interventions (supplemental fixation, implant 
removal, or revision), their results were deemed failures 
for overall success. Because these additional surgical pro-
cedures/interventions had potential to alter the original 
study treatment outcomes, for all neurological status and 
individual effectiveness variables the last observation ob-
tained before additional surgery was carried forward for 
subsequent observation periods.

An independent statistical analysis using the same 
protocol approved by the FDA was performed for the 
24-month and 60-month data by the Vanderbilt University 
Medical Center Biostatistics Collaboration Center. Re-
sults for both intervals were consistent with the sponsor 
Medtronic’s analyses and thus independent analyses were 
not performed for other intervals and were not required 
by FDA.

Results
Efficacy Success Rates

Figure 1 shows success rates and posterior probabili-
ties of superiority for overall success, NDI success, and 
neurological success over time. Superiority was estab-
lished for CDA compared to ACDF for overall success 
and NDI success at all postoperative intervals. Observed 
overall success rates for CDA and ACDF at 10 years were 
80.4% and 62.2%, respectively (PPS = 99.9%), yielding a 
difference in Bayesian success probabilities (95% BCI) 
between CDA and ACDF of 18.0% (7.3%, 28.7%). At 10 
years, 88.4% of CDA patients met criteria for NDI success 
compared to 76.5% of ACDF patients (PPS = 99.5%), with 
a difference in Bayesian success probabilities (95% BCI) 
of 11.9% (2.7%, 21.3%). Neurological success rates tended 
to be higher for CDA over time and were statistically supe-
rior at 7 and 10 years compared to ACDF. At 10 years, the 
neurological success rate was 92.6% for CDA compared to 
86.1% for ACDF (PPS = 95.6%).

Individual Effectiveness Variables
Observed mean scores over time for some individual ef-

fectiveness variables, including NDI, neck pain, arm pain, 
and SF-36 PCS, are shown in Fig. 2. In both groups the 
results showed significant improvement over preoperative 
results for all of these measures (all p ≤ 0.001), with CDA 
showing superiority at all intervals for improvements in 
NDI score (PPS = 99.9% at 10 years) and neck pain score 
(PPS = approximately 100.0% at 10 years). Mean improve-
ments from preoperative results in arm pain score and SF-
36 PCS were numerically better for CDA than ACDF at all 

long-term intervals, but did not consistently show statisti-
cal superiority.

Radiographic Measurements
Disc (FSU) height was maintained in both groups. FSU 

success was defined as a ≤ 2-mm decrease either anteri-
orly or posteriorly from 6 weeks postoperatively. There 
were no statistical differences in FSU success between 
treatment groups for any long-term follow-up interval. 
FSU success rates at 10 years were 93.3% and 91.6% for 
CDA and ACDF, respectively (Fig. 3A). Angular range of 
motion (ROM) values at superior and inferior target lev-
els on average were maintained in the CDA group, with 
no statistically significant changes from the preoperative 
to 10-year results (Fig. 3B). Fusion success rates for the 
ACDF group at 10 years were 95.2% at the superior level, 
97.9% at the inferior level, and 93.8% overall. Five of the 
6 patients with fusion failures had undergone secondary 
surgeries before the 10-year evaluation.

Patient and Physician Perceptions
At 10 years postoperatively, 93.2% of CDA and 92.2% 

of ACDF patients reported that they were “definitely” or 
“mostly” satisfied; 92.5% and 87.8%, respectively, said 
they were helped as much as expected; and 93.2% and 
87.8%, respectively, said they would have the surgery 
again for the same condition. Patients rated the perceived 
effect of their surgical treatment from “completely recov-
ered” to “vastly worsened.” At 10 years, 95.9% of the CDA 
group and 93.9% of the ACDF group perceived their result 
as at least improved. The rates of physician perceptions 
of results as successful based on a nonvalidated question-
naire were 98.0% and 80.0% for the two treatments, re-
spectively.

Safety
Table 2 summarizes cumulative rates (life-table estima-

tions) of any type of AE through 10 years postoperatively 
and comparisons between treatment groups by time-to-
event analysis. The CDA group had a statistically lower 
rate of any type of serious AE and a lower rate of pos-
sibly implant- or implant/procedure-related serious AEs. 
Cumulative rates of serious AEs (grade 3 or 4) that were 
classified as associated with implant or implant/surgical 
procedure were 3.8% in CDA and 8.1% in ACDF patients 
through 10 years postoperatively (LHR [95% BCI] -0.92 
[-1.88, -0.01]), and the prevalence of specific serious im-
plant or implant/surgical procedure–associated adverse 
events is detailed in Table 3.

The cumulative rates of any secondary surgery at treat-
ed levels through 10 years (Table 2) were 4.7% and 17.6% 
for the CDA and ACDF groups, respectively, a statisti-
cally significant difference (LHR [95% BCI] -1.39 [-2.15, 
-0.61]) favoring CDA. In CDA patients, the 6 removals all 
occurred prior to the 5-year follow-up and have been previ-
ously described.15 In the ACDF group, “elective removals” 
occurred in 9 patients and were typically performed at the 
discretion of the investigator while performing a surgical 
procedure on adjacent or other cervical levels requiring 
removal of the plate and placement of a new plate. If we 
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exclude the 9 elective removals in the ACDF group from 
the statistical comparison, the rate of secondary surgeries 
at index levels in the ACDF group (11.8% cumulative) is 
still statistically greater than that for the CDA group (LHR 
[95% BCI] -1.00 [-1.85, -0.22]).

Cumulative rates of second surgeries involving adjacent 
levels through 10 years were 9.0% and 17.9% for CDA and 
ACDF, respectively, a statistically significant difference 
(LHR [95% BCI] -0.66 [-1.29, -0.01]) in favor of CDA 
(Table 2). Figure 4 shows the Kaplan-Meier curves for time 
to secondary surgeries at adjacent levels, indicating the 
consistently lower rate in the CDA group over time, which 

was statistically different by 10 years postoperatively (PPS 
= 98.0%).

Grading of heterotopic ossification (HO) was assessed 
by independent radiologists. The presence of any grade III 
or IV HO in the CDA group over time is summarized in 
Table 4. Although no serious HO AEs that were classified 
as likely to be implant related or clinically significant were 
reported by any investigators as part of their AE documen-
tation (Table 3), there was radiographic evidence, reported 
separately by the independent radiologist reviewers, of 
grade IV HO at the superior (8.2%) and inferior (10.3%) 
treatment levels. The rate of HO of either grade III or IV 

FIG. 1. Success rates over time for both the CDA and ACDF groups for the efficacy measures overall success (A), NDI success 
(B), and neurological success (C). PPS > 95% considered statistically superior. Y = years.
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at either or both levels was 39.0% at 10 years postopera-
tively, not an increase from 7 years (42.4%). An additional 
analysis compared overall success rates at each follow-up 
interval, including 10 years, between those with severe HO 
(grade III or IV) and those with nonsevere HO (grades 0–
II) as measured at 2 and at 10 years (data not shown). There 
was no statistically significant difference in overall success 
rates between the HO severity subgroups at any follow-up 
interval.

Discussion
This long-term follow-up study continues to show the 

noninferiority of the Prestige LP Cervical Disc compared 
to ACDF at two levels for symptomatic cervical DDD. At 
10 years postoperatively, CDA was noninferior compared 
to ACDF on all effectiveness outcome measures. The 
CDA group had statistically superior results compared to 
ACDF in overall success rate (80.4% vs 62.2%), NDI suc-
cess (88.4% vs 76.5%), and neurological success (92.6% vs 
86.1%). FSU height was maintained in both groups. The 
rate of clinically significant AEs (grade 3 or 4) that were 
considered to possibly be associated with the implant or 
implant/surgical procedure were significantly lower in the 
CDA group (3.8% vs 8.1%), as was the rate of secondary 
surgeries (4.7% vs 17.6%). Finally, rates of secondary sur-
gery involving an adjacent level up to 10 years after the 
clinical study treatment were significantly lower in the 

CDA group than the ACDF group (9.0% vs 17.9%, respec-
tively).

Presently, at least 7 CDA devices in the US have re-
ceived FDA approval at either one or two cervical levels. 
Long-term results (4–7 years postoperatively) have been 
published on several of these devices, primarily for single-
level treatment.2,7,15,24,25,29 One 10-year single-level study 
has also been reported.16 These studies consistently show 
noninferiority of CDA compared to ACDF, and most show 
superiority in overall success rates, lower rates of second-
ary surgeries, and low rates of serious AEs.

There have been a number of reviews and meta-anal-
yses of the CDA literature. Nunley et al. recently sum-
marized the current state of evidence both in and outside 
the US regarding cervical disc arthroplasty.23 They note 
that the US literature, consisting of predominantly level I 
evidence from FDA-approved clinical trials, supports the 
use of cTDR at one and two surgical levels in compari-
son to ACDF. They further conclude that the “volume of 
level I and II evidence supporting the efficacy of cTDR is 
unparalleled in the field of spine surgery.” Badve et al., re-
viewing the literature on one-level devices in an “expert 
review,” also concluded that CDA resulted in favorable 
rates of long-term functional recovery, AEs, development 
of adjacent segment degeneration, and secondary surgeries 
in comparison to ACDF.1 Both Nunley et al. and Badve et 
al. provide extensive referencing of the literature on CDA 
versus ACDF and related topics.

FIG. 2. Mean scores over time for both the CDA and ACDF groups for efficacy measures NDI score (A), neck pain score (B), arm 
pain score (C), and SF-36 PCS score (D). For NDI, neck pain, and arm pain, a lower score indicates less disability or pain. For SF-
36 PCS, a higher score means better functioning. PPS based on the between-treatment comparisons of score improvements from 
preoperative; PPS > 95% considered statistically superior. M = months; WK = weeks.
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FIG. 3. Radiographic outcomes. FSU success rates for the CDA and ACDF groups over time (A), with no statistical difference at 
any point of long-term follow-ups, and mean ROM over time at superior and inferior levels of the CDA patients (B). deg. = degrees.

TABLE 2. Patients who reported AEs and who underwent secondary surgeries through 10 years postoperatively, 
based on the life-table estimation

AE Type*
CDA,  

n = 209
ACDF,  
n = 188 LHR, Posterior Mean (95% BCI)†

AE
 At least 1 of any AE type 206 (99.1%) 179 (97.3%) 0.02 (−0.18, 0.23)‡
 Any serious AE 124 (66.7%) 120 (70.9%) −0.31 (−0.57, −0.06)§
 Possibly implant- or implant/procedure-related AE¶ 55 (31.7%) 44 (25.0%) 0.04 (−0.35, 0.45)‡
 Serious, possibly implant- or implant/procedure-related AE 7 (3.8%) 14 (8.1%) −0.92 (−1.88, −0.01)§
Secondary surgery
 Secondary surgery at either index level** 9 (4.7%) 27 (17.6%) −1.39 (−2.15, −0.61)§
  Revision 0 (0.0%) 2 (1.4%) −798.11 (−1956.24, 0.60)‡
  Removal 6 (3.1%) 7 (4.1%) −0.35 (−1.48, 0.80)‡
  Elective removal 0 (0.0%) 9 (6.4%) −802.74 (−1959.04, −1.53)
  Supplemental fixation 2 (1.2%) 8 (5.4%) −1.81 (−3.58, −0.17)
  Reoperation 3 (1.6%) 5 (3.0%) −0.78 (−2.32, 0.75)‡
 Supplemental fixation w/ bone growth stimulator 0 (0.0%) 5 (2.8%) −799.85 (−1961.63, −1.23)
 Secondary surgery involving adjacent level(s)** 16 (9.0%) 24 (17.9%) −0.66 (−1.29, −0.01)§

Values are presented as number of patients (cumulative percentage) unless otherwise indicated.
* WHO grade 3 or 4 AEs considered serious.
† BCI in the HPD.
‡ Not statistically different.
§ CDA statistically less frequent than ACDF over the time period.
¶ AE deemed to be associated with device or device/surgical procedure.
** Some patients had more than one secondary surgery; some secondary surgeries involved both index and adjacent levels.
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Recent meta-analyses that compare CDA to ACDF are 
based on the large amount of published clinical trial data 
now available, although few focus specifically on two-level 
studies.14,34–36,38 One meta-analysis included 19 randomized 
controlled trials involving 4516 cases, the majority single 
level, with short- and midterm follow-up, and demonstrat-
ed better outcomes for CDA than ACDF on a wide variety 
of measures.38 A number of other more recent meta-anal-
yses have reported advantages to CDA. Xu et al. provided 
what they termed an “indirect” meta-analysis using data 
from 5343 patients in which they estimated the relative 
effectiveness of each type of 4 different CDA and ACDF 
procedures, and these authors concluded that any of the 
total cervical replacement devices were good choices for 
improving functional outcomes and reducing secondary 
surgeries in comparison to ACDF.36

One meta-analysis compared outcomes for patients 
undergoing single-level versus multilevel TDR and found 
the outcomes were equally favorable,39 as did a recent in-
dividual study.2 Similar to the current study, clinical trials 

of other cervical prostheses have also found that outcomes 
after two-level CDA were superior to outcomes after two-
level ACDF, including in patients with follow-up through 
7 years.2,8,24,25

One potential advantage of CDA compared to ACDF 
relates to the additional stress that ACDF may place on ad-
jacent discs, possibly resulting in accelerated degeneration 
of those discs, and the finding that this problem may be 
increased in multilevel disease. Our study found that CDA 
patients showed a statistically lower cumulative rate of 
need for secondary surgeries than ACDF patients through 
10 years postoperatively for both the index (4.7% vs 17.6%, 
respectively) and adjacent (9.0% vs 17.9%, respectively) 
levels. Figure 4 shows that the cumulative rate increases in 
secondary surgeries involving adjacent levels appears to be 
linear over time, with differences between CDA and ACDF 
becoming larger as time went on, approximately 0.9% per 
year for CDA and 1.8% per year for ACDF in this two-level 
study. Similar findings have been reported for other CDA 
devices used at two levels.13 One recent meta-analysis also 
specifically addressed this issue, finding that there was a 
significantly lower rate of adjacent segment degeneration 
or disease and a lower reoperation rate in TDR compared 
to ACDF, and that the superiority of TDR tended to in-
crease across time.37

One concern with CDA is the possibility of significant 
HO. In the current study, rates of grade IV HO at 10 years 
postoperatively were 8.2% at the superior level and 10.3% 
at the inferior level, with an overall rate of 39% grade III 
or IV at either or both levels. The rates of patients with 
grade III or IV HO did not increase from 7 years (42.4%) 
to 10 years (39.0%). In fact, those rates appeared to be quite 
stable at 5, 7, and 10 years postoperatively. These findings 
are similar to those reported by Nunley et al. of combined 
total grades III or IV at both levels of 37.4% for two-level 
CDA with a different CDA device at 7 years postopera-
tively.22 Nunley et al. did find a significant negative cor-

TABLE 3. Patients with grade 3 or 4 implant- or implant/surgical procedure–related AEs through 10 years, based on the 
life-table estimation 

CDA ACDF LHR, Posterior Mean (95% BCI)*

Grade 3 or 4 AEs 7 (3.8) 14 (8.1) −0.92 (−1.88, −0.01)
 Dysphagia/dysphonia 1 (0.6) 1 (0.7) −0.23 (−3.90, 3.35)†
 HO 0 (0.0) 3 (1.6) −798.33 (−1957.40, −0.77)†
 Implant events 2 (1.0) 3 (1.6) −0.66 (−2.70, 1.32)†
 Neck &/or arm pain 3 (1.7) 7 (4.6) −1.16 (−2.63, 0.27)†
 Neurological 1 (0.7) 2 (1.2) −1.18 (−4.23, 1.67)†
 Nonunion 0 (0.0) 9 (5.0) −800.60 (−1967.56, −1.75)
 Other 1 (0.5) 0 (0.0) 797.35 (−1.52, 1961.63)†
 Other pain 1 (0.5) 2 (1.6) −1.20 (−4.28, 1.60)†
 Spinal event 4 (2.0) 5 (2.7) −0.41 (−1.82, 0.97)†
 Trauma 0 (0.0) 1 (0.6) −797.62 (−1958.28, 1.34)†
 Vascular 1 (0.5) 0 (0.0) 797.35 (−1.52, 1961.63)†
 Wound (noninfectious) 0 (0.0) 1 (0.5) −795.68 (−1959.00, 1.30)†

Values are presented as number of patients (cumulative percentage) unless otherwise indicated.
* BCI in the HPD.
† Not statistically different.

FIG. 4. Rates of secondary surgeries involved with adjacent levels over 
time for the CDA and ACDF groups. PPS > 95% considered statistically 
superior.
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relation between HO grade and ROM. In the current study, 
while there were patients with reported grade III or IV HO 
and patients with reduced angular motion, these observa-
tions were not frequent enough to negatively influence the 
overall average angular motion at the index levels of CDA 
patients, which was maintained over time out to 10 years. 
By definition, grade III HO still allows a certain degree of 
motion and comprised a majority of the “severe” HO cases, 
perhaps accounting for this seeming discrepancy in find-
ings. There is currently a separate study in preparation to 
examine in detail the relationship between HO grade and 
ROM (personal communication, Medtronic, Inc., 2019).

This clinical trial, like those of other FDA-approved 
CDA trials, was performed without treatment blinding, 
something not possible in this type of study. However, 
measures were taken to preclude bias: radiological assess-
ments were made by independent reviewers, adverse events 
were evaluated by an independent committee, and statisti-
cal analyses at several of the follow-up intervals were con-
firmed by statisticians independent of the study sponsor. 
Patient bias in reporting subjective outcomes could have 
occurred, but it seems unlikely that any such bias in pain 
ratings or similar measures would persist over the 10-year 
study period. Patient satisfaction ratings did not differ be-
tween groups. The follow-up rates at 10 years were quite 
high for that lengthy of an interval and were similar be-
tween the groups (86.0% for the CDA group and 84.9% 
for the ACDF group). In addition, results were consistent 
with those found for earlier intervals. Therefore, selection 
bias that would affect the comparison between groups was 
unlikely.

Although several other studies with follow-up between 
5 and 10 years have been reported, this appears to be the 
first study to report results through 10 years postopera-
tively for an artificial disc replacement device used at two 

cervical levels, showing long-term maintenance of results 
with the Prestige LP and its continued superiority to ACDF 
over time.

Conclusions
The low-profile Prestige LP Cervical Disc, implanted 

at two adjacent levels in this study, was statistically non-
inferior to ACDF in every outcome measure and was sta-
tistically superior in overall success rate as well as NDI 
success rate, neurological success rate, and mean NDI 
and neck pain scores. Improved clinical outcomes and 
segmental motion were maintained through 10 years af-
ter surgery, with a significantly lower rate of implant- or 
implant/procedure-related serious adverse effects and sta-
tistically lower rates of secondary surgeries at both index 
levels and adjacent levels than ACDF. The Prestige LP 
Cervical Disc is an effective alternative to standard fusion 
treatment in patients with DDD associated with intractable 
radiculopathy or myelopathy at two adjacent levels of the 
cervical spine.
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