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ABSTRACT

Background: Many early cervical total disc replacements (TDRs) produced motion through a ball-and-socket
action, with metal endplates articulating with a plastic core. Polyetheretherketone (PEEK) is used increasingly for spinal
implants due to its mechanical properties and lack of artifacts on imaging. A TDR was designed with titanium-coated

PEEK endplates and a ceramic core. The purpose of this study was to compare this TDR with anterior cervical
discectomy and fusion (ACDF) to treat single-level cervical disc degeneration.

Methods: This was a prospective, nonrandomized, historically controlled, multicenter US Food and Drug

Administration (FDA) Investigational Device Exemption (IDE) trial. Patients received the PEEK-on-ceramic Simplifyt

Cervical Artificial Disc (n¼ 150). The historic control group included 117 propensity-matched ACDF patients from an
earlier IDE trial. The primary outcome was a composite success classification at the 24-month follow-up. Outcome

measures included the Neck Disability Index (NDI), neurological status, adverse events, subsequent surgery, a visual
analog scale assessing neck and arm pain, and the Dysphagia Handicap Index. Radiographic assessment included
flexion/extension range of motion and heterotopic ossification. Facet joints were assessed at 24 months using MRI.

Results: The success rate was significantly greater in the TDR group vs the ACDF group (93.0% vs 73.6%; P ,

.001). Mean NDI, neck pain, and arm pain scores improved significantly in both groups at all follow-up points. Mean
NDI scores in the TDR group were significantly lower than ACDF scores at all follow-up points. There were no
significant differences in the rates of serious adverse events. The range of motion of the TDR level had increased

significantly by 3 months and remained so throughout follow-up. Facet joint assessment by MRI in the TDR group
showed little change from preoperation.

Conclusions: The TDR had an acceptable safety profile and a significantly greater composite success rate than

ACDF. These results support that the PEEK-on-ceramic TDR is a viable alternative to ACDF for single-level
symptomatic disc degeneration.

Clinical Relevance: This study found that the PEEK-on-ceramic TDR is a viable treatment for symptoms related

to cervical disc degeneration and offers similar or superior outcomes compared with fusion.
Level of Evidence: 2.

Total Disc Replacement

Keywords: disc replacement, cervical spine, FDA IDE trial, PEEK-on-ceramic device, clinical outcome

INTRODUCTION

There have been multiple prospective, random-

ized, controlled trials comparing cervical total disc

replacement (TDR) and anterior cervical discecto-

my and fusion (ACDF). Multiple meta-analyses of

these and other studies have found that TDR

produces outcomes superior to ACDF.1–3 The first

cervical TDRs used on a large-scale basis produced

motion through a ball-and-socket or mobile-bearing

action, with metal endplates articulating with a

plastic core. Various designs followed including

metal-on-metal devices and a titanium-ceramic

composite device, as well as a compressible disc

with metal endplates. The use of polyetheretherke-

tone (PEEK) material for spinal implants continues

to increase, primarily due to its mechanical proper-

ties and lack of producing artifacts on imaging

studies.4,5 Though less extensive than cervical fusion
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cages, there has been investigation into the use of
PEEK for cervical TDR.6–12 Despite general opti-
mism, there was concern about long-term degrada-
tion on articulating PEEK-on-PEEK surfaces.10

This may be particularly problematic and cause
uneven loading if the implant is not ideally
positioned. Another concern with PEEK is the
bioinert surface. However, this has been addressed
in many implants by adding a textured porous
coating, often titanium, a material with favorable
osseointegrative properties.5,13,14 A cervical TDR
was designed with commercially pure, titanium-
coated PEEK endplates and a biconvex zirconia-
toughened alumina ceramic core. This ceramic
material has long been used in orthopedic applica-
tions, particularly hip implants.15 Biomechanical
analysis of the PEEK-on-ceramic device found an
acceptable wear profile with no evidence of runaway
wear, endplate perforation, or component fracture
in idealized or aggressive wear simulation testing.8

The purpose of the study was to compare the
PEEK-on-ceramic TDR to ACDF for the treatment
of cervical disc degeneration at a single level.

METHODS

Device

The Simplifyt Cervical Artificial Disc (Nuvasive,
Inc.; San Diego, CA) comprises PEEK endplates
and a mobile zirconia-toughened alumina ceramic
core (Figure 1). The endplates have a commercially
pure titanium coating. The articulating surfaces on
the endplates have a concave surface, and the core
has two convex surfaces. The superior and inferior
endplates are available in 3 footprints (small,
medium, large), 3 thicknesses resulting in 3 device

heights (4, 5, and 6 mm), and 2 lordosis angles, 08

and 58. The superior endplate has a retention ring
feature to retain the core within the endplates. The
4-mm device, which became available after approx-
imately 13% of patients were enrolled, was used in
39% of study patients, the 5-mm in 53%, and the
6-mm in 8% of patients. With respect to the lor-
dosis of the implants, the 08 implant was used in
85% of patients and the 58 implant in the remain-
ing 15%.

Patient Selection and Study Design

This study was a prospective, nonrandomized,
historically controlled, multicenter trial. It was
based on the US Food and Drug Administration
(FDA) Investigational Device Exemption (IDE)
trial for the PEEK-on-ceramic cervical TDR. Data
were collected prospectively for 150 study patients
from 16 sites (after 16 training cases). Patient
selection criteria are provided in Table 1. Outcomes
were compared with data collected for 117 historical
ACDF control subjects treated at 21 sites as part of
a previous IDE TDR trial.16 The inclusion/exclu-
sion criteria used were the same as those used in the
current study. At the time of study initiation, several
cervical TDR devices were approved for use in the
United States. It was thought that this would make
it difficult to enroll patients into a randomized study
comparing TDR with ACDF. A statistical plan,
discussed with and accepted by the FDA, using
propensity score (PS) modeling was developed to
incorporate the historical ACDF control and to
match the baseline covariates to the investigational
TDR group. The propensity matching led to the
inclusion of all 150 TDR patients enrolled in the
trial and 117 of the 133 historical control subjects

Figure 1. The PEEK-on-ceramic device investigated in the current study. The PEEK endplates are coated with plasma-spray titanium and the core is ceramic (image

courtesy of Simplify Medical, with permission).
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available for matching (Figure 2). The TDR

patients and PS-selected historical control patients

had approximately the same multivariate baseline

covariate distribution. Table 2 provides an overview

of the 2 groups. All patients were treated for single-

level symptomatic cervical degenerative disc disease

(DDD), defined as intractable cervical radiculopa-

thy with or without neck pain, or with myelopathy.

The control group was treated with ACDF using an

anterior plate system (DePuy Spine’s VG2 allograft

bone and Slim-Loc spinal system) and cortico-

cancellous allograft bone.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria

� Aged 18–60 years
� Symptoms of cervical DDD at 1 level from C3 to C7 defined as intractable radiculopathy with/without neck pain or myelopathy due to a
single-level abnormality localized to the level of the disc space and radiographic evidence of at least 1 of the following:
* Spondylosis on CT or MRI or
* Disc height decreased by �1 mm compared with adjacent levels or
* Disc herniation on CT or MRI

� At least 1 of the following radiculopathy or myelopathy symptoms in neck and/or arm:
* Pain or paresthesias in a specific nerve root distribution from C3 to C7
* Decreased muscle strength of at least 1 level on the 0–5 scale, or
* Abnormal sensation, including hyperesthesia or hypoesthesia

� Have at least 1 of the following:
* .6 weeks of prior conservative treatment (eg, PT and/or use of anti-inflammatory medications and muscle relaxants);
* Progressive symptoms (eg, increasing numbness or tingling) or
* Signs of nerve root compression

� NDI score .40 (of 100)
� Be appropriate for treatment using an anterior surgical approach
� Be likely to return for all follow-up visits and
� Willing and able to provide informed consent for study participation

Exclusion Criteria

� Marked cervical instability on x-ray (translation .3 mm or .118 rotation)
� Nondiscogenic source of symptoms
� Radiographic confirmation of severe facet disease or degeneration
� Bridging osteophytes
� ,28 of motion at index level
� Prior surgery at the level to be treated, except laminotomy without accompanying facetectomy
� Prior fusion or TDR at any cervical level
� .1 neck surgery via anterior approach
� Previous trauma resulting in compression or bursting
� Documented presence of a free nuclear fragment at cervical levels other than the study level
� Axial neck pain only
� Severe myelopathy (,3/5 muscle strength)
� Any paralysis
� Recent history (within 6 mo) of chemical or alcohol dependence
� Active systemic infection
� Infection at the site of surgery
� Prior disc space infection or osteomyelitis in the cervical spine
� Any terminal, systemic, or autoimmune disease
� Metabolic bone disease
� Any disease, condition, or surgery that might impair healing (such as diabetes mellitus requiring daily insulin management, active
malignancy, or history of metastatic malignancy)
� Current or extended use (.6 mo) of any drug known to interfere with bone or soft tissue healing
� Known PEEK, ceramic, or titanium allergy
� Arachnoiditis
� Significant cervical anatomical deformity at the index level or clinically compromised cervical vertebral bodies at the index level due to
current or past trauma or disease
� Currently experiencing episode of major mental illness or manifesting physical symptoms without a diagnosable medical condition to account
for symptoms, which may indicate symptoms of psychological rather than physical origin
� Pregnant or planning to become pregnant
� Use of spinal stimulator at any cervical level
� Currently a prisoner
� Currently involved in spinal litigation, which may influence the subjects’ reporting of symptoms
� Participation in any other investigational study within 30 days prior to study surgery

Abbreviations: CT, computed tomography; DDD, degenerative disc disease; PEEK, polyetheretherketone; PT, physical therapy; TDR, total disc replacement.
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Outcome Assessment

Patients were evaluated prior to surgery and

postoperatively within 2 weeks, 6 weeks, and 3, 6,

12, and 24 months. Patient-completed assessments

included the Neck Disability Index (NDI), visual

analog scale (VAS) assessing neck and arm pain,
quality of life (Short Form-12), Dysphagia Handi-
cap Index (DHI),17 and patient satisfaction. A
neurological examination composed of motor,
sensory, and reflex assessments was required for
the study. Radiographic assessment was performed

Figure 2. The derivation of the 2 treatment groups.

Table 2. Comparison of the TDR and the propensity-matched historical control group. There were no significant differences between the 2 groups.

TDR ACDF

P Valuen Mean SD n Mean SD

Age, y 150 43.0 8.9 117 44.1 7.0 ..75
BMI, kg/m2 150 27.5 5.2 117 28.7 5.6 ..90
NDI 150 63.3 12.5 117 62.4 12.6 ..90
VAS neck and arm pain 150 81.6 12.4 117 77.6 13.5 ..70
Disc angle,8 148 2.1 4.5 116 2.6 4.4 ..25
Disc height, mm 148 3.3 0.7 115 3.3 0.8 ..80
Rotation,8 148 7.3 4.2 110 7.3 4.4 ..55
Translation, mm 143 0.7 0.5 109 0.8 0.6 ..05

n % n %

Sex ..65
Female 91 60.7 68 58.1
Male 59 39.3 49 41.9

Abbreviations: ACDF, anterior cervical discectomy and fusion; BMI, body mass index; NDI, Neck Disability Index; TDR, total disc replacement; VAS, visual analog
scale.
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at each postoperative time point and an MRI was
performed at the 24-month follow-up.

The primary study outcome was a clinical
composite success (CCS) parameter based on 24-
month follow-up values requiring (1) at least a 15-
point (of 100) improvement in NDI score from
baseline; (2) maintenance/improvement in neuro-
logic status compared with baseline; (3) no device
failures; (4) no reoperation, revision, removal, and/
or supplemental fixation at the index level, and (5)
absence of major adverse events (AEs; defined as
definite device relationship that caused permanent
neurologic damage related to treated level or below
or implant breakage/migration without index level
surgery that caused significant dysphagia and/or
death).

AE Evaluation

A clinical events committee composed of 3
independent spine surgeons was responsible for the
adjudication of AEs (reviewing the relationship to
device/procedure, seriousness, severity, determina-
tion of major AE, and unanticipated adverse device
effects), neurological status, secondary surgical
interventions (ie, classification of revision, removal,
reoperation, or supplemental fixation), and protocol
deviations.

Radiographic and MRI Assessment

All imaging assessments were performed by an
independent lab specializing in image analysis
(Medical Metrics, Houston, TX). Flexion/extension,
neutral anteroposterior, neutral lateral, and lateral
bending radiographs were made at required study
evaluation points. Radiographic assessment includ-
ed segmental flexion/extension range of motion
(ROM), disc height, and heterotopic ossification
(HO). HO was assessed using a 0 to 4 (none to
bridging bone) scale commonly used in TDR
studies.18

Preoperative and 24-month postoperative MRIs
were used to assess the facet joints at the treated
level. The facet joints were evaluated using the
following classification system.19,20

0. None: normal facet joint space
1. Mild: narrowing of the facet joint space and/or

small osteophytes and/or mild hypertrophy of
the articular process

2. Moderate: narrowing of the facet joint space
and/or moderate osteophytes and/or moderate

hypertrophy of the articular process and/or
mild subarticular bone erosions

3. Severe: narrowing of the facet joint space and/
or large osteophytes and/or sever hypertrophy
of the articular process and/or severe sub-
articular bone erosions and/or subchondral
cysts

Data Analysis

Estimated CCS rates for each treatment group, as
well as the treatment group differences and 90%
confidence intervals (CI) for group differences
controlling for PS subclass, were determined using
a generalized linear model with results expressed on
the probability scale. This was accomplished using
the SAS software procedure GENMOD (SAS
Institute, Cary, NC). The PS-adjusted success rates
and standard errors on the probability scale were
pooled to determine the standard error of the
estimated group difference. The CCS were adjusted
for PS subclass and therefore will not match the
unadjusted (x/N) percentages. The lower bound of
the 90% CI is equivalent to that of the 1-sided 95%
noninferiority CI. The PS model included main
effects and important interactions and squared
terms for selected baseline variables, such as age
and body mass index.

In the study protocol, the null hypothesis was
that the probability of achieving CCS for patients
implanted with the TDR was no more than .10
smaller than the probability of ACDF control
patients achieving CCS. This study would be
considered a success if the PS-quintile adjusted,
multiple imputation–based, 1-sided P value for
rejecting this null hypothesis was less than .05. If
the noninferiority study success criterion was met,
superiority would be tested. If the PS-quintile
adjusted 1-sided P value determined from the
multiple imputation was less than .05, it would be
concluded that TDR was superior to ACDF.

The primary analysis set includes all TDR
patients (n ¼ 150) and controls selected into a PS
subclass (n ¼ 117). Of 150 TDR patients, 142
(94.7%) were evaluable for CCS. Among 117
historical controls, 96 (82.1%) were evaluable for
primary CCS endpoint. To account for missing
data, a fully conditional specification21 approach
was used to produce 20 multiply imputed (MI)22

completed data sets on the basis of PS subclass and
CCS endpoints determined at intermediate time

Guyer et al.
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points as implemented in the SAS software proce-
dure MI. Group comparisons in secondary end-
points also controlled for PS subclass. Within-group
descriptive summaries (not adjusted for PS) includ-
ed means and standard deviations for continuous
variables and counts and percentages for categorical
variables. Nominal 95% PS-adjusted CIs and P
values were reported for selected secondary end-
points. Data were censored following a secondary
surgical intervention (SSI) and intraoperative devi-
ation at the index level.

RESULTS

Clinical Outcome

On the primary outcome evaluation, overall
composite success based on the 5-point combined
success criteria at the 24-month follow-up, the
success rate was significantly greater in the TDR
group than in the ACDF control group (93.0% vs
73.6%; P , .01 [PS adjusted]; Table 3) and
superiority criteria were met. When comparing the
success rates on each of the individual parameters
included in the composite assessment, the TDR
group had significantly greater rates on NDI success
and neurological status success. There was not a
statistical difference between groups on the assess-
ments of no additional surgery. Statistical assess-
ment between groups was not estimable for no
device failures, and no major AEs. The TDR had
similar or better success rates on all criteria
parameters, compared with ACDF.

Neck Disability Index

The mean preoperative NDI scores were similar
in the TDR and ACDF groups (Figure 3). The

mean NDI scores in both groups were improved
significantly at all follow-up points (P , .001) The
mean NDI scores in the TDR group were signif-
icantly less than in the fusion group at all follow-up
points (all P , .025). The mean change from
baseline at 24 months was�49.4 (P , .001; 95% CI,
�46.6 to�52.2) in TDR group and�38.9 (P , .001;
95% CI,�34.7 to�43.1) in the ACDF group. At the
24-month follow-up, significantly more TDR pa-
tients achieved the criteria to be classified as
reaching clinically relevant improvement on the
NDI (�15-point decrease 97.9% vs 88.0%; P ,

.05).

Visual Analog Scale

The mean VAS neck and arm pain scores were
similar in the TDR and ACDF groups prior to
surgery and improved significantly in both groups at
all follow-up points (all P , .001; Figure 4). At the
3-, 6-, and 24-month follow-up points, the scores
were significantly less in the TDR group (P , .05).
The mean change from baseline at 24 months was

Table 3. Comparison of the overall composite success score and the individual components of the composite success in the TDR group and the control fusion group.

Outcome

TDR ACDF

P Valuean Assessed n Success %b n Assessed n Success %b

Composite success 150 c 93.0 117 c 73.6 ,.001
NDI successd 138 135 97.9 96 83 88.0 ,.01
Neuro successd 139 138 99.6 95 90 94.1 ,.02
No additional surgerye 148 144 97.1 117 112 97.1 .98
No device failuredf 137 137 100.0 90 83 92.2
No major AEsd 150 150 100.0 117 117 100.0

Abbreviations: ACDF, anterior cervical discectomy and fusion; AEs, adverse events; NDI, Neck Disability Index; TDR, total disc replacement.
aTreatment group differences adjusting for propensity score (PS) subclass using 2-way generalized linear model
bEqually weighted PS adjusted within-group proportion. This will not equal n/N, which is the observed data.
cThe composite success endpoint was calculated using multiple imputations, generating 20 complete datasets. The percentage shown is the average of the imputations that
come from the imputation model and is adjusted for the variables in the imputation model.
dSubjects were censored at index level secondary surgical interventions and intraoperative deviations.
ePropensity score treated as continuous variable to promote convergence.
fNot estimable due to zero cell. Unadjusted within-group rate shown.

Figure 3. The mean Neck Disability Index (NDI) scores were similar in the 2

groups prior to surgery and were significantly improved throughout follow-up in

both groups (P , .001), with the total disc replacement (TDR) group having

significantly lower scores at all follow-up points (*P , .025; propensity score

[PS] adjusted). Subjects were censored at index-level secondary surgical

interventions and intraoperative deviations.
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�66.4 (P , .001; 95% CI, �62.7 to �70.0) in the
TDR group and�53.7 (P , .001; 95% CI,�48.3 to
�59.1) in the ACDF group.

Dysphagia Handicap Index

The mean DHI score in the TDR group was 6.2
prior to surgery and increased to 7.0 at the 6-week
follow-up. By 3 months after surgery, the mean
value had decreased to 4.2 and remained near this
value throughout follow-up. The DHI was not
administered in the ACDF historic control group.

Neurological Evaluation

Neurological success was defined as maintenance
or improvement in neurologic status at the 24-
month follow-up compared with the patient’s
preoperative state. In the TDR group, only 1
patient was classified as a neurological failure,
which was significantly fewer than the 5 failures in
the ACDF cohort (0.4% vs 5.9%; P , .02 [PS
adjusted]).

Secondary Surgical Interventions

In the TDR group there were no cases of device
failure or device migration. Through the 24-month
follow-up, there were 4 (2.7%) SSI at the index
level in the TDR group and 6 (5.1%) in the ACDF
group (1 was not included in overall success and
subject accounting because it occurred after the 2-
year endpoint). In the TDR group, SSIs included
the following: 1 patient underwent TDR removal
and had ACDF performed due to recurrent
stenosis and worsening degeneration; another
patient had an esophageal tear during the surgical
approach, which led to a deep wound infection

treated by device removal, corpectomy at C7,

ACDF C6-T1 and posterior fusion C6-T2; the

third patient had symptomatic pseudoarthrosis

after undergoing reoperation ACDF at the superior

adjacent segment and the TDR level was included

in anterior plating; and the fourth patient under-

went a decompression at the TDR level to address

C7 radiculopathy. In the ACDF group, the 6 SSIs

included 2 cases of removal of the anterior plate

and insertion of a TDR (not the investigational

device; in 1 case due to radiculopathy and

pseudoarthrosis in the other); 2 cases of removal

of anterior plate and replacement with plating at

the index and adjacent segment due to adjacent

segment degeneration; and 2 cases of removal of

anterior plate and a revised graft and plate (due to

graft subsidence in 1 case and pseudoarthrosis in

the other).

Adverse Events

Through the 24-month follow-up, the percentage

of patients having AEs classified as definitely device

related was 0.7% (1/150) in the TDR group and

0.9% (1/117) in the ACDF group. The TDR patient

had 2 events related to implant/joint noise and

inflammation. In the ACDF group, the event was

related to pseudarthrosis. An overview of all the

serious AEs is provided in Table 4. There were no

statistically significant differences between the TDR

and the ACDF control groups.

Radiographic Assessment

Range of Motion

The mean segmental ROM of the treated level in the

TDR group was 7.388 prior to surgery. This

increased to 8.68 at the 3-month follow-up and

continued to improve to 9.68 at the 24-month

follow-up (P , .001). Seen in Figure 5 are flexion/

extension radiographs showing motion of the

implanted level at C6-7 at the 24-month follow-up.

Heterotopic Ossification

At the 24-month follow-up, 7.2% of TDR patients

developed grade 4 (bridging bone) HO (1 patient

had grade 3 preoperatively) and an additional 7.9%

had grade 3 severe HO (2 patients had grade 2

preoperatively). All of the patients with grade 3 or 4

HO met the 5-point criteria to be classified as having

a clinically successful outcome.

Figure 4. The mean visual analog scale (VAS) neck and arm pain scores were

similar in the 2 groups prior to surgery and were significantly improved at all

follow-up points (P , .001). The mean scores in the total disc replacement

(TDR) group were statistically significantly less than ACDF values at the 3-, 6-,

and 24-month follow-ups (P , .05, propensity score [PS] adjusted). Subjects

were censored at index level secondary surgical interventions and

intraoperative deviations.
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Facet Joint Assessment

Facet joints at the TDR level were assessed on the

basis of MRIs made preoperatively and at 24

months postoperatively. As seen in Figure 6, there

was little change in the facet joint degeneration

scores. Images are provided in Figure 7 comparing

preoperative with postoperative MRIs. Facet joints

were not assessed in the ACDF control cohort.

DISCUSSION

This prospective IDE trial with a historical
propensity-matched ACDF control group found
that the PEEK-on-ceramic TDR had an acceptable
safety profile and produced clinical outcomes
similar or superior to ACDF through the 24-month
follow-up. The PS-adjusted composite success rate
of 93.0% in the TDR group was significantly greater

Table 4. The percentage of patients with SAEs reported in the 2 study groups.

TDR (n ¼ 150) ACDF (n ¼ 117)

P Valuean %b n %b

All events 16 10.7 16 13.7 .686
Infection (all other infections—not at cervical surgical site) 2 1.3 1 0.9 .826
Pseudoarthrosis 1 0.7 1 0.9 .772
Trauma 1 0.7 1 0.9 .594
Headache 1 0.7 1 0.9 .848
Radiculopathy 1 0.7 2 1.7 .779
Psychological illness 1 0.7 1 0.9 .365
Pain (narcotic given) 2 1.3 3 2.6 .518
Adjacent segment degeneration 2 1.3 3 2.6 .341
Surgery at a location other than the spine 2 1.3 0 0.0 . . .
Gastrointestinal complications including ileus, nausea, and vomiting 2 1.3 0 0.0 . . .
Pneumonia 1 0.7 0 0.0 . . .
Spinal stenosis 1 0.7 0 0.0 . . .
Inflammation conditions, such as discitis, joint, and other types of inflammation 1 0.7 0 0.0 . . .
Esophageal perforation 1 0.7 0 0.0 . . .
Infection localized to cervical surgical site 1 0.7 0 0.0 . . .
Ischemia 1 0.7 0 0.0 . . .
Deep wound infection localized to cervical surgical site 1 0.7 0 0.0 . . .
Implant collapse or subsidence 0 0.0 1 0.9 . . .
Pain (no narcotic given) 0 0.0 2 1.7 . . .
Pulmonary embolism 0 0.0 1 0.9 . . .
Thrombosis 0 0.0 1 0.9 . . .
Other 0 0.0 1 0.9 . . .
Cancer 0 0.0 2 1.7 . . .

Abbreviations: ACDF, anterior cervical discectomy and fusion; NDI, Neck Disability Index; SAE, serious adverse event; TDR, total disc replacement.
aAdjusting for propensity score (PS) subclass using 2-way generalized linear model; comparisons with ,6 subjects in each group includes PS as a continuous variable (df¼
1) for model stability.
bPercentage of subjects experiencing specific event.

Figure 5. Flexion and extension radiographs from the 24-month follow-up shows the motion of the implant at the C6-7 level.
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than that in the ACDF control group (73.6%) and
met superiority criteria. It was also numerically
greater than results reported23–28 in other FDA-
approved single-level cervical TDR studies using
similar composite success criteria, with rates ranging
from 72.3% to 86.8%. There were no TDR device
failures or migrations, and there were no complica-
tions related to the PEEK-on-ceramic materials.

Unlike the earliest TDR IDE trials, this study
was not randomized. Although generally preferable,
it was thought that randomization was not feasible
with multiple TDRs already FDA approved for use
in the United States. Attempting to randomize to
ACDF would place patients in the position of
potentially receiving fusion, which has been found
to be inferior to TDR in meta-analyses.1,29 This
factor may have made it unduly challenging to
recruit patients and/or may have biased the study
population. Instead, a group of patients randomized
to ACDF in a prior TDR vs ACDF study, using the

same selection criteria, many of the same protocol
elements, and in fact performed by some of the same
surgeons as those participating in the current TDR
study were propensity matched to the current TDR
population. The study plan was discussed with the
FDA and found acceptable. This format of using a
propensity-matched ACDF historical control group
from an earlier randomized trial has also been used
in other recent and pending cervical TDR IDE
trials.27,30

Several biomechanical studies involving cervical
TDR have investigated the potential impact of
prosthesis height, particularly with respect to
implant sizes that are larger than the natural disc
space height. These studies found that increased
implant height was associated with decreased
ROM31–33 and reduced facet overlap, possibly
altering the loading of the adjacent facet joints.
These changes could affect the motion of the index
level as well as loading of the adjacent seg-
ments31,32,34,35 and could also be related to the
development of HO.36,37 One study from China
found that in 36% of the study population, the
height of the cervical disc space was less than the
minimal height of available TDRs, which is
generally 5 mm.38 In analyzing radiographs from
an earlier TDR IDE trial,16 it was noted that 55%
of adjacent level discs from C3-4 through C6-7 (n¼
261) had an average disc height of less than 4 mm
(internal data; Simplify Medical, Sunnyvale, CA),
smaller than the minimal prosthesis height available
from FDA-approved cervical TDRs. In the current
study, 82% of index levels (n¼ 164) had an average
disc height of less than 4 mm (average of anterior

Figure 6. There was little change in the severity of facet joint degeneration at

the total disc replacement (TDR) at the 24-month follow-up compared with the

preoperative MRIs (subjects censored at index level secondary surgical

interventions and intraoperative deviations).

Figure 7. Preoperative and 24-month postoperative MRI of the C6-7 level after total disc replacement (TDR) implantation showing no changes in the facet joints.
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disc height and posterior disc height) and a device of
4-mm height was used in 39% of patients.

The rate of grade 3 or 4 HO in the current study
was 15.1%. This figure is consistent with rates
reported at the 24-month follow-up in the summary
of safety and effectiveness data reports submitted to
the FDA for other cervical TDR devices applying a
similar HO scoring system. In these studies, the
rates of HO were 11.3%,39 19.2%,40 15.9%,41 and
4.3%.42 These rates are consistent with a meta-
analysis of cervical HO at the 24-month follow-up
reporting a pooled rate of grade 3 or grade 4 HO of
16.7% with a 95% confidence interval of 4.6% to
28.9%.43

A potential benefit of the PEEK-on-ceramic
materials used in the TDR evaluated in this study
is the ability to perform MRI with minimal artifacts
compared with that created by devices with metallic
components. MRI is generally the imaging modality
of choice to evaluate the cervical spine to assess the
spinal canal, neuroforamina, intervertebral discs,
and facet joints. In the current study, facet joints
were assessed using a quantified scoring system, and
no significant changes were found at the 24-month
follow-up compared with the preoperative images.
The lack of artifacts associated with the PEEK-on-
ceramic device, which is nickel free, allowed MRI
assessment of the spinal canal and exiting nerve
roots with little or no distortion at the TDR level.
As discussed by Sekhon et al,44 artifacts created by
TDRs with metallic endplates, particularly with
metals other than titanium, increase the need for
computed tomography/myelography to evaluate the
cervical spine. This introduces additional risks to
the patient as well as costs. The results of this study
found that the Simplifyt Cervical Artificial Disc
produced outcomes similar to or superior on some
measures, including superiority in the composite
success classification, compared with ACDF, for the
treatment of single-level symptomatic cervical disc
degeneration. The ROM at the treated level
increased from the preoperative value and was
maintained throughout follow-up. Safety of the
PEEK-on-ceramic disc was established with no
device failures in the series. These results support
that the device is a viable alternative to ACDF.
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