
spine

J Neurosurg Spine  Volume 22 • January 2015

clinical article
J Neurosurg Spine 22:15–25, 2015

Two-level total disc replacement with Mobi-C cervical 
artificial disc versus anterior discectomy and fusion: a 
prospective, randomized, controlled multicenter clinical 
trial with 4-year follow-up results
Reginald J. Davis, MD,1 Pierce Dalton Nunley, MD,2 Kee D. Kim, MD,3 Michael S. Hisey, MD,4  
Robert J. Jackson, MD,5 Hyun W. Bae, MD,6 Gregory A. Hoffman, MD,7 Steven E. Gaede, MD,8  
Guy O. Danielson III, MD,9 Charles Gordon, MD,9 and Marcus B. Stone, PhD2

1Greater Baltimore Neurosurgical Associates, Baltimore, Maryland; 2Spine Institute of Louisiana, Shreveport, Louisiana; 
3Department of Neurological Surgery, University of California, Davis, Sacramento, California; 4Texas Back Institute, Plano, 
Texas; 5Orange County Neurosurgical Associates, Laguna Hills, California; 6Cedars-Sinai Spine Center, Los Angeles, California; 
7Orthopaedics Northeast, Fort Wayne, Indiana; 8Oklahoma Brain and Spine Institute, Tulsa, Oklahoma; and 9Precision Spine 
Care, Tyler, Texas

Object  The purpose of this study was to evaluate the safety and effectiveness of 2-level total disc replacement (TDR) 
using a Mobi-C cervical artificial disc at 48 months’ follow-up.
Methods  A prospective randomized, US FDA investigational device exemption pivotal trial of the Mobi-C cervical 
artificial disc was conducted at 24 centers in the US. Three hundred thirty patients with degenerative disc disease were 
randomized and treated with cervical total disc replacement (225 patients) or the control treatment, anterior cervical disc-
ectomy and fusion (ACDF) (105 patients). Patients were followed up at regular intervals for 4 years after surgery. 
Results  At 48 months, both groups demonstrated improvement in clinical outcome measures and a comparable 
safety profile. Data were available for 202 TDR patients and 89 ACDF patients in calculation of the primary endpoint. 
TDR patients had statistically significantly greater improvement than ACDF patients for the following outcome measures 
compared with baseline: Neck Disability Index scores, 12-Item Short Form Health Survey Physical Component Sum-
mary scores, patient satisfaction, and overall success. ACDF patients experienced higher subsequent surgery rates and 
displayed a higher rate of adjacent-segment degeneration as seen on radiographs. Overall, TDR patients maintained 
segmental range of motion through 48 months with no device failure.
Conclusions  Four-year results from this study continue to support TDR as a safe, effective, and statistically superior 
alternative to ACDF for the treatment of degenerative disc disease at 2 contiguous cervical levels. 
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Anterior cervical discectomy and fusion (ACDF) 
remains a standard surgical treatment for sympto­
matic radiculopathy and myelopathy caused by 

degenerative disc disease.1,2,4,10,29 However, ACDF elimi­
nates the natural motion of treated segments and has been 
shown to induce hypermobility and heightened intradis­
cal pressures at adjacent levels.6–8,19 Changes in stress and 
motion profiles are hypothesized to be a primary cause 
for adjacent-segment degeneration observed in ACDF pa­
tients.13,17,25 By preserving treated segment natural motion 
as well as overall cervical spine biomechanics, total disc 
replacement (TDR) may avoid exacerbating adjacent seg­
ment degeneration and related symptoms while providing 
mechanical stability following neural decompression.14,22 
As the number of treated segments increases from one 
level to two contiguous levels, the available clinical data 
comparing TDR to ACDF diminish greatly. This paper 
presents the 4-year follow-up results of a prospective, ran­
domized, controlled FDA investigational device exemp­
tion (IDE) trial. This study included the largest known co­
hort of randomized patients treated with TDR compared 
with ACDF at 2 contiguous levels under a prospectively 
controlled clinical study protocol.  

The Mobi-C cervical artificial disc (LDR Medical; 
Troyes, France) is a semiconstrained, mobile bearing, 
bone-sparing TDR (Fig. 1). Previous 2-year follow-up re­
sults5 have shown TDR to be safe and effective for use in 
indicated patients with specific clinical advantages over 
ACDF. Furthermore, 2-level TDR has been shown to pro­
duce statistically better outcomes for both pain and func­
tion within a 2-year window.5 Extensive outside the United 
States (OUS) experience with TDR further supports the 
observation of enhanced clinical outcomes.15 Here, we test 
the hypothesis that the clinical advantages of 2-level TDR 
demonstrated at 2 years will be maintained through 4 years.

Methods
This trial was approved by the Western Institutional 

Review Board (for 8 of the 24 participating sites) and lo­
cal institutional review boards (for the remaining 16 sites). 
It was registered with the ClinicalTrials.gov database 
(http://clinicaltrials.gov), and its registration number is 
NCT00389597. 

Subjects and Study Design
A full description of the study design and surgical 

technique was previously reported.5 Patients underwent 
surgery between April 2006 to March 2008 at 24 clini­
cal sites in the US as part of the FDA IDE randomized, 
controlled clinical trial. Enrollment required a diagnosis 
of degenerative disc disease with radiculopathy or myelo­
radiculopathy at 2 contiguous levels from C-3 to C-7 that 
was unresponsive to nonoperative treatment for at least 6 
weeks or demonstrated progressive symptoms calling for 
immediate surgery (Table 1). Exclusion criteria included 
any prior cervical spine surgery (Table 2). After giving 
informed consent, patients were randomized in a 2:1 ratio 
(TDR patients to ACDF patients), resulting in 225 patients 
receiving treatment with a Mobi-C cervical artificial disc 
and 105 patients receiving corticocancellous allograft and 
an anterior cervical plate using the standard ACDF tech­

nique. The total randomized population of 330 patients is 
the primary analysis population. An additional 9 patients 
were treated with the TDR device as training cases. The 
safety population of 339 patients is comprised of these 9 
training patients and the 330 randomized patients. It was 
not possible to blind the surgeons to the treatment; how­
ever, patients were blinded until after surgery.

Postoperative care was left to the discretion of the 
treating surgeon. All patients were prescribed a reha­
bilitation program aimed at returning the patient to nor­
mal activity as soon as possible. Patients were evaluated 
preoperatively and at 6 weeks, 3 months, 6 months, 12 
months, 18 months, 24 months, 36 months, and 48 months 
postoperatively. Both groups were asked to refrain from 
taking nonsteroidal antiinflammatory drugs (NSAIDs) 
from a week before surgery to 3 months after surgery. 
An exception was made for TDR patients diagnosed with 
heterotopic ossification (HO) after surgery.

Clinical Outcomes
Outcomes measures used to evaluate pain, function, pa­

tient satisfaction, and overall clinical success included the 
Neck Disability Index (NDI), visual analog scales (VASs) 
for neck and arm pain, the SF-12 (12-Item Short Form 
Health Survey) Mental Component Summary (MCS) and 
SF-12 Physical Component Summary (PCS), subsequent 
surgical intervention, complications, neurological func­
tion, return to work, radiographic success, patient satisfac­
tion, range of motion (ROM), HO, and adjacent-segment 
degeneration. All radiographic evaluations were conduct­
ed through Medical Metrics, Inc. (MMI) utilizing inde­
pendent radiologists and validated software.24 Adjacent-
segment degeneration was determined by the Kellgren-
Lawrence scale of disc degeneration.3,16 Adverse events 
(AEs) were considered to be any clinically adverse sign, 
symptom, syndrome, or illness that occurred or worsened 
during or after the initial surgery, regardless of cause. All 
AEs were evaluated and classified by the clinical events 
committee (CEC), which was composed of 2 orthopedic 
surgeons and 1 neurosurgeon.

Fig. 1. Mobi-C cervical artificial disc with 2 cobalt-chromium-molybde-
num alloy endplates and an ultra-high-molecular-weight polyethylene 
mobile insert facilitating 5 independent degrees of freedom. Reproduced 
with permission from Davis et al: J Neurosurg Spine, 19:532–545, 2013.
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Neurological function was determined by the investi­
gator through tests of reflex, motor, and sensory function. 
Neurological success was defined as the absence of sig­
nificant neurological deterioration. These evaluations in­
cluded sensory assessments with pinprick and light touch, 
motor assessments of muscle strength, and reflex assess­
ments of the treated levels.

Patient satisfaction was determined by a questionnaire, 
which asked patients if they were very satisfied, somewhat 
satisfied, somewhat dissatisfied, or very dissatisfied with 
their treatment. Patients were also asked if they would 
definitely, probably, probably not, or definitely not recom­
mend the same treatment method to a friend with the same 
symptoms and indications.

Subsequent surgical intervention was considered to be 

any secondary surgery at an index-level segment and was 
classified as a removal, revision, supplemental fixation, or 
reoperation. Adjacent-level subsequent surgeries that did 
not involve a treated level did not indicate a study failure 
and were documented for further analysis. Radiographic 
success for the ACDF group was defined as fusion of both 
treated levels—less than 2° of angular motion in flexion/
extension and evidence of bridging bone across the disc 
space and radiolucent lines at no more than 50% of the 
graft vertebral interfaces. Radiographic success for the 
TDR group was defined at least 2° angular motion in flex­
ion/extension or no evidence of bridging trabecular bone 
across the disc space. ROM was determined from lateral 
flexion/extension and anteroposterior right/left lateral 
bending radiographs at each treated level.

TABLE 1. Study inclusion criteria

Inclusion Criteria

Age 18–69 yrs  
Symptomatic cervical degenerative disc disease in two contiguous levels btwn C-3 & C-7 w/ 

Neck &/or arm pain &/or 
Decreased muscle strength &/or 
Abnormal sensation &/or abnormal reflexes

Deficit confirmed by imaging (CT, MRI, or plain radiographs)
NDI score of ≥30
Unresponsive to nonoperative, conservative treatment for at least 6 wks or presence of progressive symptoms or signs of nerve root/spinal cord 

compression despite continued nonoperative treatment
No prior surgery at the operative level & no prior cervical fusion procedure at any level
Physically & mentally able & willing to comply w/ the protocol
Signed informed consent
Willingness to discontinue all use of NSAIDs from 1 wk before surgery until 3 mos after surgery

TABLE 2. Study exclusion criteria

Exclusion Criteria

More than 2 vertebral levels requiring treatment/immobile level btwn C-1 & C-7 from any cause
Any prior spine surgery at operative level of any prior cervical fusion at any level
Disc height <3 mm
t-score less than −1.5 (osteoporosis evaluation)
Paget’s disease, osteomalacia, or any other metabolic bone disease other than osteoporosis
Active systemic infection of surgical site or history of or anticipated treatment for systemic infection including HIV/hepatitis C
Active malignancy: a history of any invasive malignancy (except nonmelanoma skin cancer), unless treated w/ curative intent & 

there had been no clinical signs or symptoms of the malignancy >5 yrs
Marked cervical instability on resting lateral or flexion/extension radiographs
Known allergy to cobalt, chromium, molybdenum, or polyethylene
Segmental angulation >11° at treatment or adjacent levels
Rheumatoid arthritis, lupus, or other autoimmune disease
Any diseases or conditions that would preclude accurate clinical evaluation
Daily, high‑dose oral &/or inhaled steroids or a history of chronic use of high-dose steroids
BMI >40
Use of any other investigational drug or medical device w/in 30 days prior to surgery
Pending personal litigation relating to spinal injury (workers’ compensation not included)
Smoking >1 pack of cigarettes per day
Reported to have mental illness or belonged to a vulnerable population

BMI = body mass index.
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Overall success rates for both treatments were deter­
mined from a composite endpoint with multiple condi­
tions including: 1) ≥ 30-point improvement for patients 
with baseline NDI ≥ 60 or 50% improvement for patients 
with baseline NDI < 60; 2) no subsequent surgical inter­
vention at either treated level; 3) AEs assessed by the CEC 
as major complications; 4) maintenance or improvement 
in neurological function; and 5) radiographic success. Pa­
tients not meeting one or more of these 5 outcome met­
rics were deemed treatment failures for study purposes. A 
more detailed description of the overall success compo­
nents has been previously defined.5

Statistical Methods
The study included a noninferiority hypothesis of the 

overall success rate of the investigational procedure ver­
sus that of the control procedure. A power analysis was 
performed in determine sample size. Assuming a 2:1 ran­
domization rate, a total sample size of 294 randomized 
patients (196 TDR and 98 ACDF) was required. Nonin­
feriority was assessed using an exact 95% one-sided con­
fidence bound. A post hoc test was preplanned to test for 
superiority in the event of noninferiority. Superiority was 
assessed using a 97.5% one-sided confidence bound in the 
event a 10% noninferiority margin could be excluded. 

Two-sided t-tests were used to determine statistical sig­
nificance for all continuous outcome measures between 
groups at each time point. Fisher’s exact tests were used 
to determine success or incident rates. Wilcoxon signed-
rank tests were used to compare the change from baseline 
within treatment groups. A p value less than 0.05 was con­
sidered significant. Mean values are presented with stan­
dard deviations unless otherwise indicated. 

Results
Patient Accountability and Baseline Demographics

Three hundred forty-seven patients were enrolled and 
randomly assigned to a group within the study. Of the 
randomized patients, 225 TDR patients and 105 ACDF 
patients underwent surgery, totaling 330 randomized and 
treated patients. Nine additional patients also underwent a 
TDR procedure as training cases and are not included in 
the randomized population. All results presented include 
comparison of the randomized populations only. Baseline 
demographic characteristics were evenly matched across 
each group with no statistically or clinically significant 
differences (Table 3). The 48-month follow-up rate was 
89.0% for the TDR group and 81.2% for the ACDF group.

Neck Disability Index
Groups had similar mean NDI scores at baseline and 

both showed significant improvement at every time point 
through 48 months (p < 0.0001). The TDR group showed 
significantly greater improvement in NDI score in com­
parison with the ACDF group at every postoperative time 
point (Fig. 2). At 48 months, the mean improvement in 
NDI score was 36.5 ± 21.3 for the TDR group and 28.5 
± 18.3 for the ACDF group (p = 0.0048). The TDR NDI 
success rate was significantly higher than the ACDF NDI 
success rate at every time point (p < 0.05) including 48 

months at which the NDI success rates were 79.3% (TDR) 
and 53.4% (ACDF) (p < 0.0001).

Neck and Arm Pain VAS Scores
The TDR and the ACDF group had similar VAS neck 

and arm pain scores at baseline and both demonstrated 
significant improvement from baseline in both measures 
through the 48-month follow-up period (p < 0.0001). The 
TDR group had lower VAS neck pain scores than the 
ACDF group at every time point (Fig. 3 upper), and statis­
tically significant differences were noted at 3 months and 
6 months in favor of the TDR group. The mean improve­
ment in VAS neck pain score from baseline at 48 months 
was 53 ± 30 for the TDR group and 48 ± 29 for the ACDF 
group. Mean VAS arm pain scores (Fig. 3 lower) were de­
rived from the most symptomatic arm at baseline, carried 
through 48 months. The mean improvement in VAS arm 
pain score from baseline was similar between groups with 
56 ± 31 for TDR patients and 53 ± 31 for ACDF patients.

SF-12 MCS and PCS Scores
The two treatment groups showed similar and signifi­

cant improvement in SF-12 MCS scores from baseline at 
all time points (p < 0.0001). At 48 months, the TDR group 
had a mean SF-12 MCS score improvement of 11 ± 12 ver­
sus an improvement of 10 ± 12 for the ACDF group (Fig. 4 
upper). Both groups also showed significant improvement 
through 48 months in SF-12 PCS scores (p < 0.0001). How­
ever, with statistically similar scores at baseline, the TDR 
group showed significantly greater improvement in SF-12 
PCS scores than the ACDF group at all postoperative time 
points (Fig. 4 lower). The mean improvement from base­
line SF-12 PCS scores was 13 ± 12 for the TDR group and 
10 ± 12 for the ACDF group at 48 months (p < 0.05).

Neurological Success
Groups had similar scores at baseline, and at the 48- 

month follow-up period, 6.2% of TDR patients experi­
enced neurological deterioration compared with 7.6% in 
the ACDF group. This difference was not statistically sig­
nificant.

Return to Work
Time to return to work was calculated for working pa­

tients (191 in the TDR group and 86 in the ACDF group) 
and is defined as the time from their surgery date to the 
date they started working. Although the differences were 
not statistically significant, on average TDR patients re­
turned to work 21 days earlier than ACDF patients, with 
an average return to work time of 46 ± 101 days for TDR 
patients and 67 ± 113 days for ACDF patients.

Patient Satisfaction
At 48 months, the percentage of patients very satisfied 

or somewhat satisfied with their treatment was higher in 
the TDR group (96.4%) than in the ACDF group (89.0%, 
p = 0.03329). Additionally, 95.9% of TDR patients and 
86.3% of ACDF patients would definitely or probably rec­
ommend their treatment to a friend (p = 0.01112).
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Major Complications
The CEC deemed AEs a major complication in 4.0% of 

the TDR group and 7.6% of the ACDF group at 48 months. 
This difference was not statistically significant.

Subsequent Surgical Intervention
The most common reason for subsequent surgery in the 

ACDF group was symptomatic pseudarthrosis, with 8.6% 
of ACDF patients receiving subsequent surgical interven­
tion due to pseudarthrosis. The reasons for removal of ar­
tificial discs in the TDR group included stenosis, device 
migration, poor endplate fixation, and persistent neck and/
or shoulder pain. At 48 months, the cumulative percentage 
of patients who underwent subsequent surgeries at the in­
dex level remained significantly lower (p < 0.0001) for the 

TDR group—4.0% (9 of 225 patients, with 10 surgeries)—
than for the ACDF group—15.2% (16 of 105 patients, 18 
surgeries). 

Radiographic Outcomes
On average, TDR patients maintained their baseline 

ROM in flexion/extension (Fig. 5 upper) and lateral bend­
ing (Fig. 5 lower) at both segments. For TDR patients, 
the mean ROM at the superior level was 10.0° ± 6.0° in 
flexion/extension (baseline 9.1° ± 4.9°) and 5.5° ± 3.6° 
in lateral bending (baseline 5.8° ± 3.4°) at 48 months. 
At the inferior level, the mean ROM was 8.2° ± 5.3° in 
flexion/extension (baseline 7.4° ± 4.3°) and 5.1° ± 3.4° 
in right/left lateral bending (baseline 4.9° ± 3.3°) at 48 
months.

TABLE 3. Patient demographic characteristics at baseline

Variable
Patient Group*

p Value†TDR (n = 225) ACDF (n = 105)

Mean age in yrs (SD) 45.3 (8.1) 46.2 (8.0) 0.3725
Sex, no. (%) 0.2375
  Male 113 (50.2%) 45 (42.9%)
  Female 112 (49.8%) 60 (57.1%)
Ethnicity, no. (%) >0.9999
  Hispanic or Latino 14 (6.2%) 7 (6.7%)
  Not Hispanic or Latino 211 (93.8%) 98 (93.3%)
Race,‡ no. (%) >0.9999
  American Indian 3 (1.3%) 1 (1.0%)
  Caucasian 212 (94.2%) 99 (94.3%)
  Asian 4 (1.8%) 0 (0.0%)
  Black or African American 5 (2.2%) 4 (3.8%)
  Native Hawaiian/other Pacific Islander 0 (0.0%) 0
  Other 1 (0.4%) 1 (1.0%)
Mean BMI (SD) 27.6 (4.5) 28.1 (4.2) 0.3586
Work status,§ no. (%) >0.9999
  Able to work 141 (62.7%) 64 (61.0%)
  Not able to work 50 (22.2%) 22 (21.0%)
  NA 34 (15.1%) 19 (18.1%)
Workers’ compensation,§ no. (%) 0.1586
  Receiving 11 (4.9%) 7 (6.7%)
  Not receiving 214 (95.1%) 98 (93.3%)
Driving status,§ no. (%)
  Able to drive 210 (93.3%) 102 (97.1%) 0.4026
  Not able to drive 12 (5.3%) 3 (2.9%)
  NA 3 (1.3%) 0
Smoking status,§ no. (%)
  <1 pack per day 225 (100%) 105 (100%) >0.9999
  >1 pack per day 0 (0%) 0 (0%)

NA = data not available.
*  Values represent numbers of patients (%) unless otherwise indicated.
†  The unpaired t-test was used to compare age and BMI across treatment groups, whereas the Fisher exact test was used to compare frequen-
cies between treatment groups for all other variables.
‡  Patients with multiple races are included with the non-Caucasian group. Fisher exact p value calculation is based on Caucasian versus non-
Caucasian.
§  Fisher exact p value is based on “able to” versus “not able to.”
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At 48 months, the results in 14 TDR patients and 11 
ACDF patients failed to meet the criteria for radiographic 
success. Clinically relevant HO (Grades III and IV) was 
observed in 25.6% of 187 TDR patients with available ra­
diographs at the 48-month time point, with Grade IV HO 
being evident in 10.2% of cases in at least 1 level (Fig. 6 
left). TDR patients experienced clinically relevant HO in 
15.4% of superior levels and 17.7% of inferior levels, total­
ing 16.6% (62/374) of treated levels. 

In the ACDF cohort, fusion status was not achieved at 
48 months in 14.8% of the 81 patients with available radio­
graphs. ACDF patients experienced failed fusion in 13.5% 
of inferior levels and 2.5% of superior levels, totaling 7.8% 
of treated levels. This does not include patients who had 
corrective surgery for failed fusion at earlier time points 
(Fig. 6 right).

Adjacent-segment degeneration was defined as an in­
crease of 1 or more points of the Kellgren-Lawrence grad­

Fig. 3. Mean VAS neck pain scores (upper) and arm pain scores (lower) at baseline and follow-up time points through 48 
months. Asterisks denote statistically significant differences between treatment groups with respect to VAS neck pain improvement 
from baseline as determined by an unpaired, 2-sided t-test (*p < 0.05). Error bars represent SEM.

Fig. 2. Mean NDI scores at baseline and follow-up time points through 48 months. Mean NDI improvement was significantly 
greater in the TDR group than in the ACDF group at all postoperative time points. Asterisks denote statistically significant differ-
ences between treatment groups with respect to NDI improvement from baseline as determined by an unpaired, 2-sided t-test (*p 
< 0.05, **p < 0.01, ***p < 0.0001). Error bars represent standard error of the mean (SEM).
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ing scale at either segment when compared with baseline 
values. Rates of adjacent-segment degeneration did not 
differ significantly between treatment groups for any grade 
of degeneration or combination of grades at baseline. The 
superior levels at 48 months indicated degeneration in 
64.7% of the ACDF patients and 27.6% of the TDR pa­
tients, a significant difference (p < 0.0001). Results for the 
inferior levels were similar at 56.2% for the ACDF group 
and 16.4% for the TDR group (p < 0.0001). When review­
ing cases in which patients experienced degeneration at 
either level, TDR patients were found to have significantly 
less adjacent-segment degeneration than the ACDF group 
(41.5% for TDR vs 85.9% for ACDF, p < 0.0001).

No cases of migration or subsidence have been reported 
since the 24-month results. The one case of posterior mi­
gration was reported previously and occurred prior to 24 
months.

Overall Success
The results of the overall success criteria—applied to 

both treatment groups—incorporate the success rates of 

each of the 5 individual components of this composite 
endpoint. The results of this composite endpoint (Fig. 7) 
show at the 48-month follow-up period, 66.0% of the TDR 
group and 36.0% of the ACDF group achieved overall suc­
cess based on the predefined criteria (p < 0.0001). While 
TDR showed better outcomes for all 5 components, only 
the NDI success and secondary surgery components were 
statistically significant in favor of TDR. NDI was the lead­
ing cause of failure in the ACDF group, with the NDI im­
provement criteria not met in 46.6% of cases in the ACDF 
group and 20.7% in the TDR group.

Discussion
Here, we investigated the safety and efficacy of 2-level 

TDR using 2 Mobi-C cervical artificial discs and com­
pared the results to the standard surgical treatment, ACDF. 
Results were presented through 48 months as part of an 
ongoing randomized, controlled, clinical trial. This trial 
was an FDA, IDE trail and included the first Level 1 evi­
dence21 of 2-level TDR through 48 months. Treatment with 

Fig. 4. Mean SF-12 MCS scores (upper) and PCS scores (lower) at baseline through 48 months. On average, the TDR group 
showed significantly greater improvement in SF-12 PCS scores. Asterisks denote statistical significantly differences in SF-12 PCS 
score improvement from baseline between treatments as determined by an unpaired, 2-sided t-test (*p < 0.05, **p < 0.01). Error 
bars represent SEM.
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TDR is statistically superior when compared with ACDF, 
as predefined by the study statistical plan, with regard to 
overall success rate. At 48 months both ACDF and TDR 
patients experienced significant improvement from base­
line. TDR demonstrated statistically better results at 48 
months for NDI scores, SF-12 PCS scores, patient satisfac­
tion, subsequent surgery rates, adjacent-segment degenera­
tion, and overall success.

The 48-month results of this 2-level study confirm the 
hypothesis that the previously reported results from the 
same study at 24 months will continue through 48 months. 
Statistically significant differences were maintained be­
tween 24 and 48 months for NDI scores, SF-12 PCS scores, 
patient satisfaction, subsequent surgery rates, adjacent-
segment degeneration, and overall success. In addition, the 
2-level TDR results concur with those of single-level TDR 
IDE study results.11,20 Garrido et al.11 reported similar or 
better outcomes for their single-level TDR group with re­
spect to NDI, neck pain, arm pain, and secondary surgery 
rates in a 48-month study of the BRYAN Cervical Disc 
(Medtronic Sofamor Danek).

The overall success of TDR, a composite outcome con­
sisting of 5 components, was statistically superior (p < 
0.0001) to ACDF at 48 months with 66.0% success versus 
36.0%. NDI success and subsequent surgeries are the main 
components creating the statistical differences in overall 
success between TDR and ACDF. The significant differ­
ences in NDI success was maintained from 24 months to 
48 months (p < 0.0001). Previously reported at 24 months, 
3.1% of TDR patients required subsequent surgeries com­
pared with 11.4% of ACDF patients. This difference is 
widened at 48 months with 4.0% of TDR patients and 
15.2% of ACDF patients requiring at least 1 subsequent 
surgery.

Heterotopic ossification is a primary concern for TDR. 
In the current study, we observed clinically relevant HO 
(Grades III and IV) in 16.6% of segments and 25.6% of 
patients treated with TDR, which is similar to or less than 
the rates in other reports.23,26,28 HO was present in 15.5% 
of patients and 10.7% of segments as Grade III and 10.1% 
of patients and 5.9% of segments as Grade IV. A European 
study investigating HO rates in Prodisc-C (Synthes Spine 

Fig. 5. ROM in both flexion/extension (upper) and left/right lateral bending (lower) through 48 months. As a whole, the TDR 
group maintained baseline ROM in both flexion/extension and left/right lateral bending while the ACDF group had a dramatic 
reduction in both measures. Error bars represent SEM.
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Company, L.P.) patients reported clinically relevant HO 
was observed in a combined 63% of treated levels (Grade 
III = 45%, Grade IV = 18%) at 4 years.26 Another study of 
21 patients treated with a BRYAN Cervical Disc reported 
an overall 42.9% incidence of Grade III (14.3%) and IV 
(28.6%) HO at 8 year follow-up.23 While the 5-year results 
of ProDisc-C in the US showed Grade IV HO present at 
the index level in 6 of the 103 patients, Grade III HO was 
not reported, leaving the overall picture for clinically rele­
vant HO for this study unclear.28 One major difference that 
should be noted between the current study and the others 
mentioned is the use of NSAIDs. The use of NSAIDs has 
been shown to decrease HO formation. Other device trials 
did not restrict the use of NSAIDS postsurgery. However, 
in this study patients were asked to refrain from using 

NSAIDs before and after surgery. Regardless, compari­
sons among TDR devices are difficult given the limited 
amount of data on HO rates for TDR at 4 or more years. In 
any case, HO is still a concern for the TDR procedure and 
further long-term investigations are needed to clarify HO 
rates and the effects of HO on clinical outcomes.

Adjacent-segment degeneration is another major con­
cern for patients undergoing surgery for degenerative disc 
disease. Although ACDF is associated with higher rates 
of adjacent-segment degeneration, the underlying mecha­
nisms are ill defined. We report an adjacent-segment de­
generation rate of 85.9% for ACDF patients and 41.5% for 
TDR patients at 48 months postsurgery. While TDR may 
not entirely prevent adjacent-segment degeneration, the 
advancement of the radiographic degeneration is slowed 
with TDR. It is still widely debated whether the preser­
vation of the adjacent-segment with TDR stems from the 
preserved biomechanics at the index and adjacent levels. 
The underlying mechanism defining the relationship be­
tween decreased radiographic degeneration in patients 
treated with TDR remains uncorrelated, and further long-
term follow-up should continue to correlate these results.

With 2-level TDR only recently being approved in the 
US for degenerative disc disease, published data for direct 
comparison is limited. However, long-term data on single-
level TDR with long-term have shown it to be at least as ef­
fective as a single-level ACDF in relieving the neurological 
pain and motor impairment caused by degenerative disc 
disease.12,20 There are follow-up data out to 5 years post­
surgery for TDR devices, showing safe and effective out­
comes.28 One recent study indicates that single-level TDR 
is a superior treatment to ACDF.9 Also, a growing amount 
of evidence has shown that ACDF efficacy decreases as 
more levels become involved and that ACDF at multiple 
levels may result in higher stresses and hypermobility at 
adjacent segments.18,27 These stressors could be a primary 
factor for an increase in the rate of adjacent-segment de­
generation observed in patients treated with ACDF. Be­
cause 2-level TDR preserves cervical mobility at treated 
levels, it potentially avoids inducing the excess motion and 
stresses at adjacent levels seen in ACDF patients.5

Fig. 7. Overall success for the TDR and ACDF groups through 48 months. The TDR group had significantly higher success rates 
than the ACDF group at every time point. Asterisks denote statistical significantly differences in overall success rate between 
treatments as determined by a Fisher exact test (*p < 0.0001).

Fig. 6. Neutral-position lateral radiographs obtained in a TDR patient 
with clinically relevant HO (left) and an ACDF patient with pseudarthro-
sis (right).
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All of the authors participated as investigators in the 
Mobi-C IDE clinical study. To ensure that any potential 
conflicts of interest have not affected study outcomes, an 
analysis was completed at each time point to compare the 
overall success rates of patients between sites with and 
without financial interest (as defined by FDA regulation 
21CFR54). Additionally, this analysis was reported to the 
FDA as part of the premarket approval package through 
the 24-month primary endpoint. At 6, 12, 18, 24, 36, and 
48 months, this analysis confirmed that financial interest 
was not indicative of a better (or worse) outcome for either 
treatment group (p = 0.3132 at 48 months).

Conclusions
The data from this IDE study through 48 months sig­

nify a number of clinically relevant benefits for TDR over 
ACDF. Patients experienced improved clinical outcomes 
with TDR—including improvement in pain and function 
outcomes and superiority in overall primary endpoint suc­
cess. Additionally, incidences of adjacent-segment degen­
eration and subsequent surgeries were reduced with TDR. 
We expect that future studies and also longer-term follow-
up of this patient cohort may continue to establish 2-level 
cervical TDR as a superior surgical option for symptom­
atic degenerative disc disease.
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