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Abstract 

This study was performed to evaluate the early clinical results at 
one year for the Simplify™ Cervical Artificial Disc. We compared 
outcomes for 150 Simplify Disc subjects at one-year follow-
up in a prospective, multicenter, FDA IDE clinical trial with 119 
propensity score matched historical control subjects who received 
conventional anterior cervical discectomy and fusion (ACDF) 
for single-level cervical degenerative disc disease. The outcome 
measures included the change from preoperative baseline to 
one-year in Neck Disability Index (NDI) and visual analog scales 
(VAS) for neck and arm pain, with scores for the few missing one-
year follow-up implicitly imputed using mixed models for repeated 
measures (MMRM). The MMRM was used to estimate within group 
and between group differences controlling for propensity score 
subclass and the relevant baseline value.

The adjusted mean changes (and standard errors) in NDI from 
baseline to one year were -46.7 (SE=1.7, p<0.001) and -38.1 
(SE=1.9, p<0.001) for Simplify Disc subjects and ACDF control 
subjects, respectively. The adjusted Simplify Disc vs. control 
difference in mean NDI change at one year was -8.7 (SE=2.7) with 
p=0.002; the 95% confidence interval for the mean difference was 
-14.0 to -3.3. The adjusted mean changes in VAS neck and arm 
pain from baseline to one year were -62.4 (SE=2.0, p<0.001) and 
-55.2 (SE=2.3, p<0.001) for Simplify Disc and ACDF controls, 
respectively. The adjusted Simplify Disc vs. control difference 
in mean VAS neck and arm pain change at one year was -7.3 
(SE=3.3) with p=0.029 (95% CI -13.8 to 0.8). Therefore, it can 
be concluded that the one-year clinical results of the Simplify 
Disc are superior to ACDF for both 1) improvement of NDI and 
2) improvement in VAS neck and arm pain. Inspection of all 
eight prior FDA cervical total disc replacement studies indicates 
that these good results for the Simplify Disc can be expected to 
continue for five years and beyond, but longer term follow-up is 
necessary for verification.
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Introduction
Current FDA-approved total disc replacements (TDR) are all 

comprised of metallic endplates (cobalt-chromium-molybdenum, 
titanium, or metal/ceramic composite), with most having a polymer-
based core comprised of ultrahigh molecular weight polyethylene 
or polyurethane. The clinical success demonstrated in multiple 
randomized prospective FDA monitored studies of the approved 
cervical TDRs [1,2] attests to their safety, effectiveness, and durability 
as a group of implants. However, post-surgical magnetic resonance 
(MR) imaging at the operative and adjacent levels of the cervical spine 
is often compromised, and in some patients a critical decision making 
imaging component is unreadable secondary to the artifact induced 
by the metallic plates of the current commercially available artificial 
discs [1-3]. This imaging artifact issue can lead to deferred diagnosis, 
inaccurate diagnosis, or an escalation of the imaging studies to an 
invasive computed tomography (CT)-myelogram to obtain imaging 
information otherwise routinely available on MR imaging if no 
metallic cervical TDR artifact were present.

Magnetic resonance is currently the preferred mode for diagnostic 
imaging prior to spine surgery, but CT use markedly increases after 
complex spine surgery involving implants [4], specifically because of 
the MR imaging artifacts from the implants and the subsequent poor 
visualization of the adjacent spinal structures. To minimize exposure 
to ionizing radiation [5] and concomitant risk of cancer [6], a cervical 
artificial disc that has minimal artifact and affords clear visualization 
of the operative and adjacent levels with MR would be preferable to 
the current metallic designs. 

The use of polyetheretherketone (PEEK) for spinal implants 
continues to increase [7], primarily due to its mechanical properties 
and positive imaging properties (i.e. no metallic artifact on MRI or 
CT). The purpose of this study was to evaluate the function and pain 
scores at one-year follow-up from the single-level FDA Investigational 
Device Exemption (IDE) study for the PEEK-on-ceramic Simplify™ 
Artificial Cervical Disc. 

Materials and Methods
Description of implant

The Simplify™ Disc is a three-piece intervertebral prosthesis 
consisting of two PEEK endplates with titanium coating on the surface 
adjacent to the bony endplate (thin osteo-integration promoting 
surface treatment) and a mobile zirconia-toughened alumina (ZTA) 
core (Figure 1). The mechanical design and physiologic movement 
of the Simplify Disc were based on the Kineflex®|C Cervical Artificial 
Disc (SpinalMotion, Mountain View, CA), which consisted of two 
cobalt-chromium-molybdenum (CCM), titanium-coated endplates 
with a biconvex CCM core. An IDE clinical trial [8] of the Kineflex|C 
Disc with five-year follow-up demonstrated excellent clinical results 
and validated the clinical efficacy of this three-part geometric design 
with dual articulations. 

In addition to providing motion and height restoration, the 
Simplify Disc is designed to permit subsequent visualization 
of cervical anatomy using MR imaging without the significant 
radiographic artifact present in other cervical TDRs which 
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incorporate a substantial metal component. Along with changes in 
endplate and core materials, the Simplify Disc design included minor 
modifications to the geometry based on anatomical measurements 
taken during the Kineflex|C IDE. The main significant difference 
between the Kineflex|C Cervical Artificial Disc and the Simplify 
Disc is that the materials chosen for the Simplify Disc have a greatly 
reduced MR imaging artifact. 

The Simplify Disc implant system is available in multiple 
configurations of footprint, height, lordosis and titanium coating 
thickness. All endplates feature smooth concave articulating surfaces 
to permit ±12° flexion-extension and lateral bending, unlimited 
axial rotation, and a limited amount (<1.6 mm) of translation in the 
horizontal plane. 

The Simplify Disc is provided packaged and preassembled, and 
inserts as a single unit following a complete discectomy. A variation 
of the Simplify Disc (Kineflex Prime Disc) has been implanted in 
South Africa since 2013, and the Simplify Disc has been commercially 
available in the UK and Germany since 2016 [9].

Parent clinical study

The parent study for this one-year results report is a prospective, 
controlled, multicenter clinical trial (US FDA IDE #G140154, 
NCT02667067) intended to demonstrate that the Simplify Disc is at 
least as safe and effective as conventional anterior cervical discectomy 
and fusion (ACDF) when used to treat one disc level between C3 to C7 
for cervical degenerative disc disease (DDD). DDD for this study was 
defined as intractable radiculopathy (arm pain and/or a neurological 
deficit) with or without neck pain or myelopathy due to a single-level 
abnormality localized to the level of the disc space in subjects who are 
unresponsive to conservative management. 

The parent study was prospectively designed to compare the 
Simplify Disc to a non-concurrent historical control group with 
subject-level data in a parallel group design. The historical control 
group for both the parent study and for the current one-year study is 
formed from the randomized ACDF arm (N=133) of the completed 
multi-center, prospective, randomized clinical study of the Kineflex|C 
Disc trial [8]. 

The parent study confirmed control group comparability could 
be achieved using propensity score subclassification [10], and 
prospectively enrolled 166 subjects from sixteen (16) sites between 
February 2016 and February 2018. The 166 total includes 150 for 

comparison to ACDF and 16 training cases (one per site). The 
parent study is prospectively utilizing a two-year composite clinical 
success (CCS) endpoint as the primary FDA effectiveness endpoint. 
Individual success with this CCS requires all of the following four 
criteria: 1) at least a 15-point improvement in the Neck Disability 
Index (NDI) at 24 months compared with baseline; 2) maintenance 
or improvement in neurologic status at 24 months compared with 
baseline; 3) no device failures or revision, reoperation, removal and/
or supplemental fixation within 24 months of index procedure; and 4) 
the absence of major adverse events within 24 months. NDI has strong 
and well-documented convergent and divergent validity with other 
instruments used in the evaluation of patients with neck pain [11]. 

Statistical analysis plan for current study

This study is a rigorously designed observational study using 
propensity score (PS) subclassification [10,12,13] to simultaneously 
control for a set of 20 clinically relevant covariates (Figure 2) 
when making comparisons between device groups. The statistician 
conducting the PS modeling was and continues to be blinded without 
access to subject level outcome data. Balance between device groups 
was verified using a “Love plot” [14] that compares covariate balance 
between groups before and after the PS design (Figure 2).

The examined outcome variables in this one-year outcome report 
are changes from baseline to one-year in the NDI and visual analog 
scale (VAS) for neck and arm pain. For subjects experiencing a 
secondary surgical intervention (SSI), the last NDI prior to the SSI 
was used to determine change scores. 

The null hypotheses for these analyses are that the mean 
improvement in NDI from baseline to one year and the mean 
improvement in VAS neck and arm pain from baseline to one year 
are the same for subjects implanted with the Simplify Disc and 
subjects receiving ACDF. The alternative hypotheses are that the 
mean changes differ between device groups. These hypotheses were 
tested using a Mixed Model for Repeated Measures (MMRM) [15]. 
The MMRM approach is a direct likelihood approach that implicitly 
imputes missing endpoint values using intermediate outcomes and 
baseline covariates. Baseline covariates included PS subclass and the 
baseline value of either NDI or VAS neck and arm pain. MMRM 
parameter estimates, standard errors, p-values and confidence 
intervals were determined using SAS PROC MIXED (SAS Institute, 
Cary NC, Version 9.4). The Hochberg approach [16] was used to 
account for multiple comparisons with overall type 1 error set to 0.05. 

Figure 1: Schematics of Simplify™ Disc.
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Results
PS subclassification analysis

Balance through subclassification in the sample of all 150 
Simplify™ Disc subjects and 119 (89.5%) of the original 133 ACDF 
controls was achieved. The remaining 14 controls were trimmed to 
achieve covariate balance within PS subclasses. Comparison of the 
characteristics between selected and trimmed ACDF subjects are 
shown in Table 1, along with data from the Simplify Disc subjects 
to illustrate the general improved similarity in baseline variables. 
In particular, compared to included subjects, we see that trimmed 
ACDF control subjects were generally older (mean 48.8 years vs. 
43.0 years, p=0.074); had lower VAS (mean 59.9 vs. 77.6, p<0.0001) 
and lower NDI (52.9 vs. 62.9, p=0.008); were more likely to be 
male (78.6% vs. 40.3%, p=0.007); had a neurological motor deficit 
(78.6% vs. 63.0%, p=0.068); and were less likely to have progressive 
symptoms (14.3% vs. 67.2%, p=0.0001). In each instance, included 
ACDF controls demonstrate average values more similar to Simplify 
Disc than excluded subjects, demonstrating the utility of the PS sub-
classification design to promote control group comparability. Figure 
2 summarizes the success of the PS design in achieving covariate 
balance. This figure summarizes t-tests for continuous covariates and 
signed square root of chi-square statistics for categorical covariates 
before implementing the PS design and after adjusting for PS subclass. 
Covariate balance within PS subclass is comparable to that expected 
through randomization. 

Missing data and secondary surgical interventions at the 
index level

In the starting population of 150 Simplify Disc subjects, two 
experienced intra-operative protocol deviations and underwent 
fusion rather than receiving the Simplify Disc. The data from these 
two subjects were removed from the analysis, resulting in a baseline 
of 148 subjects who received the intended group treatment. 

There was one case of secondary surgical intervention (SSI) 
in the Simplify Disc group within the 12 month follow-up period. 
A Simplify Disc explant occurred 49 days after the index surgery; 
this event was attributed to the surgical procedure itself and not 
related to the device. There was also one PS-selected ACDF subject 
who experienced an SSI prior to the one-year anniversary on day 
168. Subjects with SSI generally had relatively poorer clinical status 
leading up to the SSI which is accounted for in the statistical modeling 
by including interim NDI or VAS in the MMRM. 

As of the database lock on January 11, 2019, 133 of 148 (90%) 
Simplify Disc subjects had NDI observations at one year. Among 119 
control subjects, 101 (85%) had NDI observations at one year. There were 
no missing baseline NDI values. However, one Simplify Disc subject and 
two ACDF control subjects had no follow-up NDI values and could not 
be included in the MMRM for NDI. The remaining subjects missing NDI 
at one year were included in the analysis by way of the MMRM.

Among Simplify Disc and control subjects, 132 of 148 (90%) and 
101 of 119 (85%) subjects, respectively, had VAS neck and arm pain 
observations at one year. There were no missing baseline VAS values. 
Only one ACDF control subject had no follow-up VAS and could not 
be included in the MMRM. All Simplify Disc subjects had at least one 
follow-up visit and so could be included in the MMRM.

Early functional and pain results

Figure 3 and Table 2 summarize the results from the MMRM 
for NDI values over time including PS subclass and baseline NDI 
adjusted mean values over time with 95% confidence intervals. At 
baseline, the adjusted mean values were nearly identical between 
subjects receiving the Simplify Disc and subjects undergoing ACDF, 
as expected through the PS design. At every follow-up timepoint, the 
covariate-adjusted 95% confidence intervals were non-overlapping 
between groups, with the lower and better NDI outcome in the 
Simplify Disc group. 

Figure 2: Love Plot Illustrating Improved Balance in Covariates Achieved PS Design.
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Measure Simplify™ Disc
ACDF Control
Included Trimmed p*

N 150 119 14 –
Surgeon Number of Cases in Prior Year† 4.06 ± 0.91 3.72 ± 0.71 3.51 ± 0.59 0.385
Age (years) 43.0 ± 8.9 44.0 ± 7.1 48.8 ± 8.9 0.074
Body Mass Index (kg/m2) 27.5 ± 5.2 28.6 ± 5.6 30.2 ± 5.8 0.319
Height (inches) 67.7 ± 4.0 67.2 ± 4.1 68.3 ± 4.1 0.244
VAS Neck and Arm Pain 81.6 ± 12.4 77.6 ± 14.1 59.9 ± 10.7 <0.0001
Neck Disability Index (NDI) 63.3 ± 12.5 62.9 ± 12.9 52.9 ± 11.3 0.008
Average Disc Height 3.32 ± 0.74 3.29 ± 0.80 3.14 ± 0.68 0.619
Hospital with <25 Beds, % 67.3% 35.3% 14.3% 0.142
Male, % 39.3% 40.3% 78.6% 0.007
Caucasian, % 87.3% 89.1% 85.7% 0.659
Current or Former Smoker, % 38.0% 46.2% 57.1% 0.439
Conservative Therapy ≥6 Weeks, % 91.3% 86.6% 92.9% >0.999
Conservative Therapy with Injection, % 46.7% 44.5% 57.1% 0.371
Conservative Therapy with Narcotics, % 44.0% 58.8% 71.4% 0.362
Progressive Symptoms, % 80.0% 67.2% 14.3% 0.0001
Nerve Root Compression, % 60.7% 63.0% 78.6% 0.377
Neurological Motor Deficit, % 35.3% 52.9% 78.6% 0.068
Neurological Sensory Deficit, % 44.0% 48.7% 50.0% 0.929
Treated Index Level‡, %
C3/C4 2.0% 2.5% 0.0%

0.658C4/C5 4.7% 5.0% 0.0%
C5/C6 53.3% 60.5% 78.6%
C6/C7 40.0% 31.9% 21.4%
Notes:
†Natural log transformed; 
‡C3/C4 and C4/C5 collapsed into single group in PS model, due to low frequency; 
*p- value from Wilcoxon test (continuous data) and chi-squared or Fisher’s exact tests (categorical data) comparing included and excluded ACDF subjects.

Table 1: Comparison of ACDF Subjects Included and Excluded from the Final PS Subclassification Design.

Figure 3: NDI Values over Time.  Values adjusted for propensity score subclass using MMRM; shown with 95% confidence intervals.

Visit
Simplify™ Disc (N= 148) ACDF Control (N= 119)
N Estimate LB UB N Estimate LB UB

PreOp 148 63.3 61.0 65.5 119 62.9 60.4 65.5
Week 6 146 22.9 19.8 26.1 113 34.6 31.0 38.3
Month 3 145 17.1 14.0 20.2 114 27.4 23.8 30.9
Month 6 144 16.9 13.8 20.0 104 24.6 21.0 28.2
Month 12 133 16.5 13.2 19.7 101 25.1 21.3 28.9
Notes:* Results based on mixed model for repeated measures (MMRM) that included device group, baseline value, and propensity score subclass. 

Table 2: Adjusted Mean NDI Over Time with 95% Confidence Intervals*.
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In the MMRM for changes in NDI from baseline, the adjusted 
mean changes (standard errors) from baseline to one year were 
-46.7 (SE=1.7, p<0.001) and -38.1 (SE=1.9, p<0.001) for Simplify 
Disc and ACDF controls, respectively. The adjusted Simplify Disc 
vs. control difference in mean changes at one year was -8.7 (SE=2.7) 
with p=0.002. The 95% confidence interval for the mean difference 
is -14.0 to -3.3. These results indicate that the null hypothesis of 
equality in mean changes to one-year between groups can be 
rejected. Therefore, it can be concluded that the Simplify Disc is 
statistically superior to ACDF in terms of improvement in NDI 
from baseline to one-year. 

Figure 4 and Table 3 summarize the results from the MMRM for 
VAS neck and arm pain, along with comparable results at baseline 
from the PS-adjusted analysis of covariance. At baseline, the adjusted 
mean values were nearly identical between subjects receiving the 
Simplify Disc and subjects undergoing ACDF, as expected through 
PS modeling.

In the MMRM for changes in VAS neck and arm pain from 
baseline, the adjusted mean changes (standard errors) from baseline 
to one year are -62.4 (SE=2.0, p<0.001) and -55.2 (SE=2.3, p<0.001) 
for Simplify Disc and ACDF controls, respectively. The adjusted device 
group difference in mean change from baseline at one year is -7.3 
(SE=3.3) with p=0.029. The 95% confidence interval is -13.8 to 0.8.

When applying the Hochberg method to account for multiple 
comparisons, since the maximum p-value is less than 0.05, the 
null hypotheses concerning NDI and VAS neck and arm pain are 
both rejected. Therefore, it can be concluded that the one-year 
clinical results of the Simplify Disc are superior to ACDF for both 
1) improvement of NDI and 2) improvement in VAS neck and 
arm pain.

Clinical imaging

The Simplify Disc induced minimal MR image artifact on post-
operative MR imaging and was visible on plain X-ray images to assess 
TDR placement. Figure 7 is a typical example of clinical imaging 
of both the MR and plain X-ray images at the protocol specified 24 
months timepoint. The most notable property on the MR images is 
the lack of metal artifact adjacent to the Simplify Disc. This lack of 
adjacent artifact is markedly different from all other FDA approved 
cervical TDRs which have a large adjacent metal artifact signature 
which often obscures important anatomic structures [1-3]. The 
excellent post-operative MR imaging of the Simplify™ Disc is a major 
differentiating feature which was routinely demonstrated in this 
study.

Discussion
The early results from this study are consistent with the 

preliminary results published previously [17]. These one-year results 
can also be compared to those from other prospective, multicenter 
clinical trials for eight FDA-approved cervical TDRs, which have a 
longer reported follow-up period. The other studies are summarized 
in Table 4. These studies consistently report statistically and clinically 
significant improvements in NDI and VAS neck and arm pain from 
preoperative values at all post-operative timepoints. Note that all 
scores typically reach a minimal plateau by three months and then 
remain stable thereafter to 5 years and beyond. Visual inspection of 
these graphs indicates that clinical course in all of these prior studies 
is a 3-month recovery period of increasing function and decreasing 
pain which then remains durable for 5 years and beyond (Figures 
5 and 6). Thus, it is anticipated that the improvements in function 
and pain noted in the one-year Simplify™ Disc results will be stable 
through five years and beyond, but long-term follow-up is necessary 

Figure 4: VAS Neck and Arm Values over Time. Values adjusted for propensity score subclass using MMRM; shown with 95% confidence intervals.

Visit
Simplify™ Disc (N= 148) ACDF Control (N= 119)
N Estimate LB UB N Estimate LB UB

PreOp 148 80.2 78.0 82.4 119 79.5 77.0 82.1
PostOp 146 32.2 27.5 37.0 116 38.8 33.4 44.2
Week 6 146 22.7 18.5 26.9 114 29.0 24.2 33.7
Month 3 144 17.7 13.7 21.7 114 26.7 22.1 31.3
Month 6 144 17.7 13.8 21.7 104 25.5 20.9 30.2
Month 12 132 17.5 13.5 21.5 101 24.8 20.2 29.4
Notes:* Results based on mixed model for repeated measures (MMRM) that included device group, baseline value, and propensity score subclass.

Table 3: Adjusted Mean VAS Neck & Arm Pain Over Time with 95% Confidence Intervals*.
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Figure 5: Mean NDI from IDE studies for single-level use of Simplify™ Disc and FDA-approved cervical artificial discs.

Figure 6: Mean VAS neck and arm pain from IDE studies for single-level use of Simplify™ Disc and FDA-approved cervical artificial discs, with M6-C 
scores converted from a 10-point scale.  Since the studies for FDA-approved discs used separate VAS neck pain and VAS arm pain scores rather than a 
combined VAS neck and arm pain score, the worst of VAS neck pain and VAS arm pain scores were assumed to be representative of a combined score.  
Post-operative scores for Simplify Disc were omitted due to lack of comparative data.

Figure 7: Example of typical magnetic resonance and radiographic images of Simplify™ Disc at 24 months:  A) T2-weighted axial slice through the center 
of the Simplify Disc; B) T2-weighted sagittal slice with location of axial slice indicated by broken yellow line; C) lateral radiograph; and D) anterior-posterior 
radiograph. The most notable property on the post-operative MR images is the lack of metal artifact adjacent to the Simplify™ Disc allowing anatomic 
visualization. 
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to verify this anticipated stability of the one-year results with time. 

The Simplify™ Disc demonstrated MRI compatibility and good 
imaging of clinically relevant structures such as the spinal cord, 
exiting rootlets, neural foramen, and posterior bony margins. Thus, 
we anticipate that the need for post-operative CT and CT myelograms 
will be minimized or eliminated due to the minimal MR artifact 
induced by this PEEK-on-ceramic Simplify™ Disc. 

Conclusion
The one-year results of the Simplify™ Disc from a prospectively 

designed PS subclassification analysis provide robust evidence that 
the Simplify Disc is superior to ACDF in terms of improvements in 
NDI from baseline to one year (-46.7 vs. -38.1, p=0.002). Similarly, the 
Simplify Disc is also superior to ACDF with regards to improvement 
in VAS neck and arm pain from baseline to one year (-62.4 vs. -55.2, 
p=0.029). Post-operative MR imaging has verified the excellent MR 
image quality with the Simplify Disc. Data collection for the parent 
study is planned to continue through 24-month follow-up to obtain 
the verifying longer term outcome data.
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