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OBJECTIVE Seven cervical total disc replacement (TDR) devices have received FDA approval since 2006. These 
devices represent a heterogeneous assortment of implants made from various biomaterials with different biomechanical 
properties. The majority of these devices are composed of metallic endplates with a polymer core. In this prospective, 
randomized multicenter study, the authors evaluate the safety and efficacy of a metal-on-metal (MoM) TDR (Kineflex|C) 
versus anterior cervical discectomy and fusion (ACDF) in the treatment of single-level spondylosis with radiculopathy 
through a long-term (5-year) follow-up.
METHODS An FDA-regulated investigational device exemption (IDE) pivotal trial was conducted at 21 centers across 
the United States. Standard validated outcome measures including the Neck Disability Index (NDI) and visual analog 
scale (VAS) for assessing pain were used. Patients were randomized to undergo TDR using the Kineflex|C cervical artifi-
cial disc or anterior cervical fusion using structural allograft and an anterior plate. Patients were evaluated preoperatively 
and at 6 weeks and 3, 6, 12, 24, 36, 48, and 60 months after surgery. Serum ion analysis was performed on a subset of 
patients randomized to receive the MoM TDR.
RESULTS A total of 269 patients were enrolled and randomly assigned to undergo either TDR (136 patients) or ACDF 
(133 patients). There were no significant differences between the TDR and ACDF groups in terms of operative time, 
blood loss, or length of hospital stay. In both groups, the mean NDI scores improved significantly by 6 weeks after sur-
gery and remained significantly improved throughout the 60-month follow-up (both p < 0.01). Similarly, VAS pain scores 
improved significantly by 6 weeks and remained significantly improved through the 60-month follow-up (both p < 0.01). 
There were no significant changes in outcomes between the 24- and 60-month follow-ups in either group. Range of mo-
tion in the TDR group decreased at 3 months but was significantly greater than the preoperative mean value at the 12- 
and 24-month follow-ups and remained significantly improved through the 60-month period. There were no significant 
differences between the 2 groups in terms of reoperation/revision surgery or device-/surgery-related adverse events. 
The serum ion analysis revealed cobalt and chromium levels significantly lower than the levels that merit monitoring.
CONCLUSIONS Cervical TDR with an MoM device is safe and efficacious at the 5-year follow-up. These results from 
a prospective randomized study support that Kineflex|C TDR as a viable alternative to ACDF in appropriately selected 
patients with cervical radiculopathy.
Clinical trial registration no.: NCT00374413 (clinicaltrials.gov)
https://thejns.org/doi/abs/10.3171/2017.5.SPINE16824
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Seven cervical total disc replacement (TDR) devices 
have received FDA approval since 2006. Although 
cervical artificial disc types are often conceptual-

ized as a single type of device, they are actually a diverse 
group of implants with different designs, materials, and 
biomechanical properties. The first TDR device to receive 
FDA approval was the Prestige ST (Medtronic Sofamor 
Danek), a metal-on-metal (MoM) device made from 
stainless steel.21 A later version with a low profile modi-
fication of the original design (Prestige LP) was made 
from a titanium ceramic composite and received FDA 
approval in 2014.7 The other 5 FDA-approved devices are 
all metal (cobalt-chrome or titanium alloy) on polymer 
(polyethylene or polyurethane).10,11,22,24,28 Other devices 
are in various states of investigational trials. Currently, a 
follow-up of 2–5 years is available from some of the FDA 
trials comparing the metal and polymer disc designs to 
anterior cervical discectomy and fusion (ACDF). The 
study findings have consistently showed both TDR and 
ACDF to result in significant improvement by 6 weeks 
to 3 months after surgery with improvement maintained 
throughout the follow-up period.4,10,12,24,25,28,31 Total disc 
replacement was found to produce noninferior results in 
all the studies and even superior results on some mea-
sures. Total disc replacement outcomes similar to those 
of the FDA-regulated trials have been reported from 
other countries as well.1,26,27,30 There have been no pro-
spective randomized reports of a cobalt-chromium MoM 
cervical TDR device with a long-term follow-up. The 
MoM devices have been the least studied and, because 
of problems associated with MoM hip prostheses,5,17 the 
most controversial. The theoretical benefit of MoM de-
vices is durability. This is especially relevant in cervical 
arthroplasty for which the patient population is gener-
ally younger, as compared with total joint replacement 
patients, and the devices are expected to last for several 
decades. The central concern related to MoM TDR de-
vices relates to wear debris, including the potential risks 
of pseudotumor formation and osteolysis.2,9,13 The pur-
pose of the current prospective randomized study was to 
evaluate the safety and efficacy of MoM TDR compared 
with ACDF in the treatment of single-level spondylosis 
with radiculopathy through a 5-year follow-up. In a sub-
set of patients, serum ion analysis was performed to in-
vestigate wear debris.

Methods
Patients with symptomatic, single-level, cervical disc 

disease from C-3 to C-7 with radiculopathy were ran-
domized using a 1:1 ratio at 21 institutions as part of an 
FDA-regulated investigational device exemption (IDE) 
pivotal trial to undergo either ACDF with a standardized 
corticocancellous allograft and anterior screw/plate fixa-
tion or Kineflex|C artificial disc placement. A total of 269 
patients were enrolled with 136 patients undergoing TDR 
and 133 patients assigned to ACDF. Selection criteria as 
well as a detailed description of the study population have 
been published elsewhere.3 Primary inclusion criteria 
were the failure of at least 6 months of nonoperative care 
or progressive symptoms, signs of nerve root compression, 

and a score of at least 40 on the Neck Disability Index 
(NDI). Exclusion criteria included severe facet degenera-
tion, bridging osteophytes, prior cervical fusion, or severe 
myelopathy (< 3/5 muscle strength). Institutional review 
board approval was obtained at all 21 institutions, and all 
patients provided informed consent prior to study partici-
pation. This study was registered with the ClinicalTrials.
gov database (http://clinicaltrials.gov), and its registration 
no. is NCT00374413.

Patients were evaluated preoperatively and at 6 weeks 
and 3, 6, 12, 24, 36, 48, and 60 months postoperatively. 
Evaluations included neurological examination (motor 
strength, sensory function, and reflexes), radiography (an-
teroposterior, neutral lateral, flexion, and extension views), 
adverse event monitoring, and patient-completed question-
naires. Pain and function were assessed using validated 
outcome measures including the NDI and a visual analog 
scale (VAS) assessing pain. The patients completed these 
outcome measures without assistance.

Overall success was a composite end point that re-
quired the satisfaction of 4 criteria: 1) improvement of 
at least 20% in the NDI score at 60 months compared 
with baseline; 2) no device failures (defined as breakage, 
migration, or mechanical failure of the components); 3) 
no supplemental index surgery (defined as no index-level 
revision, removal, supplemental fixation, or device-relat-
ed reoperation); and 4) no major device-related adverse 
event (which included nonunion in the ACDF group). In 
addition, at the request of the FDA, an analysis of an 
alternative definition of overall success was applied to 
the data following completion of the study. This alter-
nate primary end point required the satisfaction of 5 cri-
teria for success: 1) 15-point improvement in the NDI 
score at 60 months from the baseline score; 2) no device 
failures (defined as breakage, migration, or mechanical 
failure of the components); 3) no supplemental index sur-
gery failure (defined as no index-level revision, removal, 
supplemental fixation, or device-related reoperation); 4) 
no major device-related adverse event (which included 
nonunion in the ACDF group); and 5) maintenance or 
improvement of neurological status at 24 months post-
operatively.

Reoperation and revision surgery data were collected. 
These were essentially defined as any subsequent surgi-
cal intervention at the index level. Adverse events were 
reviewed and classified by a Clinical Events Committee 
independent of the study. We report those events occur-
ring through the 5-year follow-up that were classified as 
definitely, probably, or possibly related to the device or in 
relation to the surgical procedure. Each patient was rep-
resented once in the reporting and according to the most 
severe category; for example, if a patient had an adverse 
event classified as definitely device related and also as 
probably surgery related, he or she would be reported in 
the results section as definitely device related.

An independent core lab (Medical Metrics) analyzed 
radiographs for range of motion (ROM) implant migra-
tion, subsidence, and radiolucency (any discernable gap 
between the implant and vertebral body endplates) around 
the implants, heterotopic ossification (HO), and adjacent-
segment degeneration (ASD). Heterotopic ossification was 
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qualitatively assessed based on the formation of osteo-
phytes and/or ectopic bony formation (Table 1); the scor-
ing was adapted from the McAfee scale18 to place greater 
emphasis on earlier stages of ossification. Adjacent seg-
ment degeneration was assessed on a scale ranging from 
0 to 3, indicating none, mild (< 33% disc space narrowing, 

mild osteophytes, no endplate sclerosis), moderate (33%–
66% disc space narrowing, moderate osteophytes, mild to 
moderate endplate sclerosis), or severe (> 66% disc space 
narrowing, severe osteophytes, at least moderate endplate 
sclerosis). In the ACDF group, fusion was defined using 
a composite measure consisting of 1) bridging trabecular 

TABLE 1. Heterotopic ossification scoring

Grade in  
Current Study Description

Mapping to 
McAfee Class*

0 None: no evidence of osteophyte formation or HO 0
1 Mild: isolated points of initial hyperostosis or islands of bone in soft tissue I
2 Moderate: bone does not occur w/in the disc space (planes formed by 2 adjacent endplates); bony protru-

sions project more or less horizontally from vertebral bodies
I

3 Severe: bone occurs btwn 2 planes formed by vertebral endplates but does not bridge; osteophytes curve in 
direction of intervertebral disc & may come into contact w/ osteophytes on adjacent vertebrae

II/III

4 Bridging: an apparent continuous connection of bridging bone exists btwn adjacent endplates; osteophytes 
of adjacent vertebrae appear fused, thereby forming a bridge across intervening joint

IV

* McAfee et al., 2003.

FIG. 1. Upper: Percentage of patients meeting the composite 4-item success criteria at follow-up. At all points but the 36- and 
48-month follow-ups, the values were significantly greater for the TDR group (p < 0.05) than for the ACDF group. Lower: Based 
on the alternate 5-item criteria, the success rate in the TDR group was significantly greater at all but the 36-month time point.
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bone, 2) angular motion < 5°, 3) translational motion < 3 
mm, and 4) < 50% radiolucency along the bone-implant 
interface.

Investigators were instructed to have patients in both 
groups wear cervical collars until soft tissue healing 
had occurred. The use of nonsteroidal antiinflammatory 
agents was not mandatory in either group.

Serum Ion Analysis
Serum ion analysis was prospectively performed ac-

cording to a prespecified protocol. Blood samples were 
taken before surgery and during follow-up visits and 
were collected from 27 patients. The patients were from 
multiple sites, but the number of sites participating in the 
serum ion evaluation was limited given the availability 
of facilities to appropriately handle the serum. No power 
analysis was performed on this cohort as it was intended 
to represent a simple sampling of study patients. Blood 
samples were collected and handled based on the proto-
col from the Rush University Medical Center University 
Medical Center Trace Metal Analysis Laboratory where 
the analyses were performed. Three vials of blood were 
collected at each visit, one to rinse the system and the 
other two for analysis. The blood was allowed to clot, 
and the sample was processed in a centrifuge to separate 
the serum. Samples were shipped packed in dry ice and 
were stored frozen until analyzed. Cobalt and chromium 
levels were assayed using high-resolution inductively 
coupled plasma mass spectrometry. To place values from 
the current study into context, they were compared with 

values suggested to warrant monitoring in hip replace-
ment patients as published by the Medicines and Health-
care products Regulatory Agency19 and another published 
value.29

Statistical Design and Analysis
The study protocol specified a 1:1 randomization to 

investigational and control groups, and patients were not 
made aware of their randomization until after their sur-
gical procedure. The primary efficacy analysis compar-
ing TDR to ACDF was completed using Blackwelder’s 
test. The study was statistically powered and assumed an 
80% desired power for a 10% delta as the noninferiority 
margin. Two-sided 90% CI and 95% CI for the differ-
ence in response rates were shown as derived from the 
normal approximation to the binomial. The p value for 
Blackwelder’s test for noninferiority is also presented for 
the noninferiority margin of 10.0% (0.1 in difference in 
proportions). Fisher’s exact test was used to compare the 
composite success rate at the follow-up points. A p value 
< 0.05 was statistically significant.

Results
At 60 months, data were available for 68.4% of the 

TDR group and 62.4% of the ACDF group.

Overall Clinical Success
At the 60-month follow-up, the composite clinical suc-

cess rate based on the 4-item success criteria was signifi-

FIG. 2. The mean NDI scores improved significantly in the TDR and ACDF groups by 6 weeks after surgery and remained signifi-
cantly improved throughout the follow-up.
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cantly higher in the TDR group than in the ACDF group 
(77.2% vs 57.9%, p < 0.05; Fig. 1 upper). At no point was 
the TDR success rate lower than that in the fusion group. 
Only at the 36-month (p > 0.20) and 48-month (0.05 < p 
< 0.07) follow-up visits was the difference not statistically 
significantly different. When applying the alternate 5-item 
success criteria, the success rate was also significantly 
greater for the TDR group at all points but the 3-year fol-
low-up (p < 0.05; Fig. 1 lower).

Patient-Completed Questionnaires
The mean NDI scores improved significantly in both 

treatment groups at the 6-week follow-up visit and re-
mained significantly improved throughout the 5-year 
follow-up (both p < 0.01; Fig. 2). The mean values at 60 
months were near identical to the 24-month values in both 
groups. Similar to the NDI scores, the mean VAS pain 
scores improved significantly by 6 weeks after surgery in 

both groups and remained improved throughout the 5-year 
follow-up (both p < 0.01; Fig. 3).

Adverse Events, Reoperations, and Revisions
The percentage of patients with device- or surgery-re-

lated adverse events was similar in the 2 treatment groups 
(Table 2). Approximately 8% of both groups underwent 
reoperation or revision surgery (Table 3). There were no 
differences in the device relationship categories in com-
paring TDR with ACDF.

Radiographic Assessment
As seen in Fig. 4, ROM at the level implanted with the 

TDR decreased at 3 months after surgery, then increased 
by 6 months. The mean ROM at the 60-month follow-up 
was significantly greater than the preoperative mean (p < 
0.01). Device migration occurred in 1.4% of the TDR pa-
tients, as did subsidence. There were no cases of migration 
or subsidence in the ACDF group. In all patients in both 
groups, disc space height was maintained or improved at 
the 60-month follow-up compared with the preoperative 

FIG. 3. The mean VAS pain scores improved significantly in the TDR and ACDF groups by 6 weeks after surgery and remained 
significantly improved throughout the 5-year follow-up.

TABLE 2. Comparison of device- or surgery-related adverse 
events in the TDR and ACDF groups

Category
No. (%)

TDR ACDF
No device- or surgery-related AE 75 (55.1%) 80 (60.2%)
Definitely device related 10 (7.4%) 8 (6.0%)
Probably device related 4 (3.0%) 2 (1.5%)
Possibly device related 38 (27.9%) 37 (27.8%)
Definitely procedure related 2 (1.5%) 0 (0.0%)
Possibly procedure related 6 (4.4%) 6 (4.5%)

AE = adverse event.

TABLE 3. Rates of reoperation/revision surgery in the TDR and 
ACDF groups

Classification
No. (%)

TDR ACDF

No reop or revision 124 (91.2%) 122 (91.7%)
Definitely device related 7 (5.1%) 6 (4.5%)
Probably device related 4 (3.0%) 3 (2.3%)
Possibly device related 0 (0.0%) 2 (1.5%)
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status. Radiolucency was noted at 14.3% of TDR implants 
and 7.0% of ACDF implants (p > 0.20). At 60 months, 
89.5% of the ACDF group was classified as fused. There 
was some shifting in the percentage of patients in the HO 
categories when comparing preoperative scores to the 
60-month scores (Fig. 5). At the 60-month follow-up, HO 
classified as bridging across the disc space was noted in 
2.9% of the TDR group.

The ASD scores were similar preoperatively in the 2 
groups. At 60 months after surgery, the TDR group had 
statistically significantly less ASD degeneration at the lev-
el superior to the index surgery than the ACDF group (p < 
0.01; Fig. 6). The TDR group had less ASD degeneration at 

the inferior level but not significantly less than that in the 
ACDF group (p > 0.25).

Serum Ion Analysis
In the metal ion substudy, data through the extended 

follow-up of the metal ion cohort showed low and stable 
serum metal ion levels. From 3 to 60 months postop-
eratively, mean cobalt levels steadily decreased whereas 
mean chromium levels remained stable, slightly decreas-
ing throughout the follow-up period. At 60 months, the 
subjects’ mean serum cobalt and chromium levels were 
low: 0.21 and 0.31 μg/L, respectively (Fig. 7). As seen in 
the figure, the cobalt and chromium values in the current 

FIG. 4. The mean ROM in the TDR group decreased slightly at the 3-month follow-up, then increased to above the preoperative 
mean value, significantly so at the 60-month follow-up (p < 0.01, paired t-test).

FIG. 5. Percentage of patients in the HO categories preoperatively and at 60 months postoperatively.
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study were much lower than those suggested to warrant 
ongoing monitoring of hip replacement patients.19,29

Discussion
This study showed that the results noted at the 2-year 

follow-up were maintained through the 5-year follow-up 
period according to a composite success score, pain and 

function questionnaires, and radiographic assessments. As 
expected, the percentage of patients lost to follow-up in-
creased by the 60-month follow-up (TDR = 31.6%; ACDF 
= 37.6%), which may introduce the potential for selec-
tion bias. Follow-up rates are similar to those of another 
published TDR IDE study at the 5-year follow-up.23 The 
TDR group in our study had outcomes similar or supe-
rior to those of the ACDF group on all outcome measures 

FIG. 6. Preoperatively, the proportional distribution of ASD was similar in the TDR and ACDF groups. At the 5-year follow-up, ASD 
was significantly worse at the superior level in the fusion group (p < 0.01, upper) and worse at the inferior level but not significantly 
so (lower).
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throughout the 5-year follow-up. The difference in the 
primary composite overall success scores was statistically 
significant in favor of TDR at the 24- and 60-month fol-
low-ups, but not at the 36- and 48-month follow-ups. The 
primary self-reported patient indices for disability (NDI) 
and pain (VAS) were significantly improved in both groups 
by the 3-month follow-up and were maintained through 
the 60-month follow-up, but there were no statistically 
significant differences between groups. Given the lack of 
a statistically significant difference between the groups 
on validated outcome measures, the observed difference 
in overall composite success between the groups may be 
affected by patients in the ACDF group with asymptom-
atic pseudarthrosis. However, this would not account for 
the slight decline in the success rate in the ACDF group 
during the later follow-up periods. The results support the 
clinical efficacy of both treatments as well as the nonin-
feriority of MoM TDR compared with ACDF during the 
long-term follow-up. These findings are similar to those 
reported for other cervical TDR devices throughout a 
5-year follow-up.1,12,31

Continued motion of the TDR throughout the 5-year 
follow-up is supported by the finding that the mean ROM 
value was greater than the preoperative value. The per-
centage of patients with HO increased over time. However, 
at the 5-year follow-up, only 2.9% of the TDR patients had 
HO severe enough to result in bone bridging across the 
disc space, eliminating movement. The rate of bridging 
HO was less than reported in another study with a 5-year 
follow-up.12 It was recently reported that higher levels of 

HO were related to greatly increasing the disc space height 
and ROM of the operated segment.15 The ROM in the high 
HO group was increased by a mean of 6.7° versus 3.1° in 
the low-grade HO group. In the current study, the mean 
increase in ROM did not exceed 3° at any follow-up point. 
In cervical TDR patients, it appears that HO formation is 
a multifactorial process including such factors as surgi-
cal technique (for example, use of high-speed drill, devi-
talization of surrounding tissues, exposure of cancellous 
bone), type and size of device used (that is, unconstrained 
vs semi-constrained), and natural history of degenerative 
changes, including osteophytes, in a population treated for 
pain related to degenerative changes.

The radiographic ASD rates were similar in the TDR 
and ACDF groups prior to surgery. At 60 months, the TDR 
group had significantly less ASD at the level superior to 
the operated level than did the ACDF patients. This was 
noted at the 2-year follow-up as well in this study group.3 
These results support the existing literature indicating that 
TDR is associated with less ASD than fusion.12,27 There 
was no significant difference in the overall rate of adjacent 
level surgery between groups.

One concern with the MoM TDR designs has been the 
potential for problems related to wear debris. This con-
cern has primarily stemmed from reports of wear debris 
associated with MoM hip prostheses5,17 as well as several 
cases reporting reactions to MoM TDRs.2,9,14,16 In response 
to the controversy generated from wear debris related to 
MoM hip implants, the Medicines and Healthcare prod-
ucts Regulatory Agency released a device alert issuing 

FIG. 7. The cobalt (Co) and chromium (Cr) levels identified by the serum ion testing in the current study were well below levels 
recommended to initiate monitoring of patients following hip replacement. MHRA = Medicines and Healthcare products Regulatory 
Agency; Van Der Straeten = Van Der Straeten et al., 2013.
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threshold serum values for cobalt and chromium at which 
hip replacement patients merit ongoing monitoring. Re-
cently, Van Der Straeten et al. evaluated cobalt and chro-
mium levels related to a reduced clinical outcome follow-
ing hip replacement surgery.29 The highest values found 
in the current study were less than 25% of the threshold 
values suggested in either of these works. Our study is the 
first to report the long-term results for a cobalt-chromium 
MoM cervical TDR device. The serum ion levels in our 
study were lower than those noted for a lumbar MoM TDR 
of similar design,8 another MoM TDR,6 and, most impor-
tantly, well below the threshold levels suggested by the 
Medicines and Healthcare products Regulatory Agency to 
trigger monitoring of MoM hip replacement patients.19,29 
Total disc replacements and hip replacements are designed 
for very different applications and differ greatly in size, 
amount of motion, and loading and can therefore be ex-
pected to have different potentials for producing amounts 
of clinically relevant wear. A cervical TDR is much small-
er with less concomitant load. In comparing the wear of 
MoM TDRs with core diameters ranging from 10 to 16 
mm, it was found that the smaller diameters were associ-
ated with less wear.20 In the present series, 2 patients un-
derwent reoperation for removal of the TDR related to a 
lymphocytic reaction to the implant, as has been described 
in detail in the literature.9,14 While infrequent, surgeons 
should be aware of the possible reaction to MoM TDRs. 
These reactions include pseudotumor formation or oste-
olysis with implant loosening or migration. The optimal 
treatment for such metal reactions is removal of the TDR 
followed by fusion.9,14

Conclusions
Results of this prospective randomized study showed 

that at the 5-year follow-up TDR and ACDF produced sig-
nificant pain relief and improved quality of life as early 
as 6 weeks after surgery and that the improvement was 
maintained for the 5-year follow-up. There were statisti-
cally significant differences between the groups, favoring 
TDR when evaluating ASD and some clinical outcome 
measures. At no point was there a significant difference fa-
voring ACDF. The TDR group maintained the mean ROM 
from the preoperative value and had a small percentage of 
patients developing bridging HO. These results add to the 
existing body of literature supporting cervical TDR as a 
viable alternative to ACDF for the treatment of single-level 
radiculopathy and indicate that the MoM cervical arthro-
plasty design is safe.

Appendix
Kineflex|C Investigators and Sites

Jeffrey Roh, MD, Orthopedics International Spine, Seattle, 
Washington; Thomas A. Dimming, MD, Triangle Orthopedic 
Associates, P.A., Independence Park, Durham, North Carolina; 
Jeffrey Donner, MD, Rocky Mountain Associates in Orthopedic 
Medicine, PC, Loveland, Colorado; James Rappaport, MD, Sierra 
Regional Spine Institute, Reno, Nevada; Carl Lauryssen, MD, 
Tower Orthopedics and Sports Medicine, Beverly Hills, California; 
Domagoj Coric, MD, Carolina Neurosurgery and Spine Associ-
ates, PA, Charlotte, North Carolina; Peter Gertszten, MD, MPH, 
University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania; 

Kevin T. Foley, MD, Semmes Murphey Clinic, Memphis, Ten-
nessee; John Rhee, MD, Emory Orthopedics & Spine Center, 
Atlanta, Georgia; Cameron Carmody, MD, Plano Orthopedic 
Sports Medicine & Spine, Plano, Texas; Paul C. McAfee, MD, 
Towson Orthopedic Associates, P.A., Towson, Maryland; Richard 
D. Guyer, MD, SpineMark Clinical Research Organization at TBI, 
L.P., Plano, Texas; Ravinder Bains, MD, Kaiser Oakland Regional 
Spine Surgery Hospital, Oakland, California; William Taylor, MD, 
University of California San Diego, La Jolla, California; Pierce 
Nunley, MD, Spine Institute of Louisiana, Shreveport, Louisiana; 
Fabien D. Bitan, MD, Manhattan Orthopedic, P.C., New York, New 
York; Gary Dix, MD, Maryland Brain and Spine Center, Annapo-
lis, Maryland; Charley Gordon, MD, Gordon Spine Associates, 
Tyler, Texas; John Abrahams, MD, Northern Westchester Hospital, 
Mount Kisco, New York; Harry Herkowitz, MD, William Beau-
mont Hospital, Royal Oak, Michigan; and Andrew Cappuccino, 
MD, Buffalo Spine Surgery, Lockport, New York.

Dates of the Study
First patient enrolled 7/19/2005; study terminated 8/21/2013.
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