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EXECUTIVE
SUMMARY

prodisc C has a long clinical history (15+ years) 
and has been widely used throughout the world. 
The prodisc line of total disc replacement 
(TDR) is the most widely studied TDR, with over 
400 peer-reviewed published studies, reporting 
on over 13,000 patients. The first implantation of 
a prodisc C took place in 2001—with US PMA 
approval following in 2007.

This document outlines some of the clinical, 
biomechanical, and cost-effectiveness studies that 
have been published on prodisc C.

UNPARALLELED CLINICAL 
HERITAGE & BIOMECHANICS
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DESIGN
RATIONALE
 

SECTION 1:

Controlled and Predictable 
Motion
• Allows a normal range of motion 

while providing segmental stability 
through controlled translation. 

•  Highly conforming surfaces of the 
superior endplate and UHMWPE 
inlay prevent the endplates from 
translating independently.

• Translation is provided by rotation of 
the superior endplate around the ball 
on the inferior endplate.

Range of Motion

• The prodisc C is designed 
to allow for a normal range of 
motion in flexion /extension, lateral 
bending, and axial rotation.*

Degenerative disc disease can 
destabilize segments over time. 
In addition, performing the 
surgical discectomy is inherently 
destabilizing, as it involves the 
removal of the ALL, the disc, and 
often, the PLL. In the absence of 
these restricting structures, it is 
important for a disc replacement to 
have constraints in order to protect 
the facet joints.

In order to provide constraint, the 
prodisc mechanism of action 
enables movement with a fixed 
center of motion, enabling A/P 
translation only with flexion /
extension. 

* L5, LD5, XL5 and XLD5 sizes allow 17.5° in 
flexion / extension and lateral bending.

CBA

Above: (A) Lateral Bending (B) Flexion / Extension (C) Axial Rotation.

Maintaining Spinal Balance and Motion

RATIONALE #1
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Patented Midline Keel

• prodisc is intended to provide 
immediate stability by self-
immobilizing through the design of 
the keel. 

• Possibly due to this design element, 
a study on military personnel 
determined that receiving a 
prodisc C vs. ACDF led to a 60% 
shorter return time to active duty.

Range of Motion

• The prodisc C is designed 
to allow for a normal range of 
motion in flexion /extension, lateral 
bending, and axial rotation. 1

• Long-term prospective randomized 
multi-center evidence illustrates 
that patients retained range of 
motion of 8.12° for 7 years. 1

• Fusion patients from the study had 
a range of motion of 0.66°. 1

The ‘gold standard’ of treatment 
for degenerative disc disease is to 
conduct an ACDF and fuse the joint. 
However, immobilizing a segment 
of the spine has been shown to 
increase the rate of adjacent-level 
degeneration. By enabling motion, 
prodisc is intended to decelerate 
adjacent level degeneration. A 
paper published on the results with 
the US IDE PMA clinical study on 
prodisc showed that, at seven years 
follow-up, patients had four times 
fewer reoperations of adjacent 
segments, compared to patients 
that received an ACDF.

The operative procedure to conduct 
a discectomy can be invasive 
and require recuperation. Special 
care has been taken to design the 
technique and instrumentation to 
minimize the recovery associated 
with the procedure.  A review 
of nearly 7,000 patients in the 
Blue Health Intelligence Claims 
Database showed that patients 
who received a prodisc C 
experienced significantly shorter 
length of hospital stays compared 
to patients who received an ACDF.2

1 Janssen ME, et al, ProDisc-C Total Disc 
Replacement Versus ACDF for Single-Level 
Symptomatic Cervical Disc Disease, JBJS, 
2015, 97:1738-47.

2 MCRA, MCRA break-down of Blue Health 
Intelligence Data: ACDF vs. Cervical Disc 
Arthroplasty Outcomes, 2012.Results on file at 
DePuy Synthes Spine. Data available upon request.

Above: (A) Lateral Bending (B) Flexion / Extension (C) Axial Rotation.

Decelerate Adjacent Level Reoperations

RATIONALE #2

Accelerate the Resumption of Activities of Daily Living

RATIONALE #3
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SECTION 2:

3 Search performed on Pubmed, Embase, Ovid Medline® covering 1988 – 2017.
4 Based upon US complaint handling units for prodisc since launch in 2006.

No other disc replacement system has been 
studied more: nearly 40% of all TDR papers 
report on prodisc. More published lives than 
for any other system with over 13,000 patients 

reported on in over 400 articles.3

 ˕ The prodisc design has been validated with 
over 125,000 device implantations and a 
reported reoperation rate of less than 1%.4

CLINICAL EXPERIENCE WITH
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Cervical TDR System
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PUBLISHED IN:
The Spine Journal, 2009 
Apr; 9(4):275-86.

KEY TAKEAWAY:

1.8%
of prodisc C group 

patients received 
secondary surgical 

procedures after 2 years 
vs. 8.5% of ACDF patients 

requiring a re-operation

STUDY OBJECTIVE:

Compare the efficacy and 
safety of prodisc C 
with that of ACDF for the 
treatment of single-level 
cervical DDD between C3-C4 
and C6-C7.

CONCLUSION:

 ˕ prodisc C is a safe 
and effective surgical 
treatment option for 
patients with disabling 
cervical radiculopathy 
because of single-level 
disease. 

 ˕ By all primary and 
secondary measures 
evaluated, clinical 
outcomes after prodisc 
C implantation were either 
equivalent or superior to 
ACDF.

STUDY METHODS:

 ˕ A prospective, randomized, controlled clinical 
trial was performed. 

 ˕ Two-hundred nine patients at thirteen sites 
were randomly selected, who were treated 
with prodisc C (n = 103) or with an ACDF 
(n = 106). 

 ˕ Patients were assessed pre- and post-
operatively at 6 weeks, 3, 6, 12, 18, and 24 
months post-operatively.

STUDY RESULTS:

 ˕ 84.4% of prodisc C patients achieved 
4 or more degrees of motion, or they 
maintained motion relative to the pre-
operative baseline at the operated level. 

 ˕ After 2 years, secondary surgical procedures 
had been performed in 9 patients (8.5%) 
in the ACDF group compared to 2 patients 
(1.8%) in the prodisc C group (p = 
0.033).

2-YEAR FOLLOW-UP IDE RESULTS

Results of the prospective, randomized, controlled 
multicenter Food and Drug Administration 
investigational device exemption study of the 
ProDisc-C total disc replacement versus anterior 
discectomy and fusion for the treatment of 1-level 
symptomatic cervical disc disease

AUTHORS:
Daniel Murrey, MDa; 
Michael Janssen, DOb;  
Rick Delamarter, MDc; 
Jeffrey Goldstein, MDd;  
Jack Zigler, MDe;  
Bobby Tay, MDf;  
Bruce Darden, MDa  

AFFILIATIONS:
a  OrthoCarolina Spine 
Center, Charlotte, NC; 
b  Spine Education 
Research Institute, Denver, 
CO; 
c  The Spine Institute at 
Saint John’s Health Center, 
Santa Monica, CA; 
d  NYU Hospital for Joint 
Diseases, New York, NY; 
e  Texas Back Institute, 
Plano, TX; 
f  University of California 
at San Francisco, San 
Francisco CA;
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PUBLISHED IN:
Spine (Phila 
Pa 1976). 
2013 Feb 
1;38(3):203-
9

KEY TAKEAWAY:

2.9%
of prodisc C patients— 

vs. 11.3% for ACDF 
patients—received 

reoperations after 5 years

STUDY OBJECTIVE:

To compare the efficacy 
and safety of prodisc 
C to that of ACDF for the 
treatment of single-level 
cervical DDD between C3-C4 
and C6-C7.

CONCLUSION:

 ˕ prodisc C patients 
maintained motion at 
the index level and had 
significantly less neck pain 
intensity and frequency, as 
well as a lower probability 
of secondary surgery.

STUDY METHODS:

 ˕ A prospective, randomized, controlled clinical 
trial was performed. 

 ˕ Two-hundred nine patients at thirteen sites 
were randomly treated with prodisc C (n 
= 103) or with ACDF (n = 106). 

 ˕ Patients were assessed pre- and 
postoperatively at 6 weeks, 3, 6, 12, 18, and 
24 months post-operatively; and then 
annually post-operatively.

STUDY RESULTS:

 ˕  Rates of follow-up at 2 years were 98.1% 
prodisc C and 94.8% ACDF, and at 5 
years 72.7% ProDisc-C and 63.5% ACDF. 

 ˕ At 5 years, prodisc C patients had 
decreased neck pain intensity and frequency 
that was statistically significant. 

 ˕ At 5 years, the prodisc C patients had 
lower rates of reoperation compared with 
ACDF patients (2.9% vs. 11.3%) that was 
statistically significant.

5-YEAR FOLLOW-UP IDE RESULTS

ProDisc-C and anterior cervical discectomy 
and fusion as surgical treatment for single-
level cervical symptomatic degenerative disc 
disease: five-year results of a Food and Drug 
Administration study

AUTHORS:
Jack Zigler, MDa; 
Rick Delamarter, MDb; 
Daniel Murrey, MDc; 
Jeffrey Spivak, MDd; 
Michael Janssen, DOe;  

AFFILIATIONS:
a  Texas Back Institute, 
Plano, TX; 
b  The Spine Institute at 
Saint John’s Health Center, 
Santa Monica, CA;
c  OrthoCarolina Spine 
Center, Charlotte, NC;
d  Department of 
Orthopaedic Surgery, NYU 
Hospital for Joint Diseases, 
New York, NY;
e  Spine Education Research 
Institute, Denver, CO;
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KEY TAKEAWAY:

5x 
FEWER
prodisc C patients 

than ACDF patients were 
reoperated upon after 5 

years

STUDY OBJECTIVE:

To determine the reasons 
for, and rates of, secondary 
surgical intervention up 
to five years at both the 
index and adjacent levels 
in patients treated with 
prodisc C or ACDF.

CONCLUSION:

 ˕ Five-year follow-up of a 
prospective randomized 
clinical trial revealed a 
five-fold difference in 
reoperation rates when 
comparing patients 
who underwent ACDF 
(14.5%) to patients who 
underwent prodisc C 
implantation (2.9%).

 ˕ These findings suggest the 
durability of prodisc C, 
and its potential to slow 
the rate of adjacent-level 
disease.

STUDY METHODS:

 ˕ Two-hundred nine patients at thirteen sites 
were randomly treated with prodisc C (n 
= 103) or with an ACDF (n = 106). 

 ˕ A secondary surgical intervention at any level 
was considered a reoperation.

STUDY RESULTS:

 ˕  At five years, prodisc C patients had a 
significantly lower probability of secondary 
surgery at the index and adjacent levels, 
compared to ACDF patients (97.1% vs. 
85.5%, P = 0.0079).

 ˕ No reoperations in patients who received 
prodisc C were performed for implant 
breakages or device failures.

5-YEAR FOLLOW-UP STUDY

Five-year reoperation rates, cervical total 
disc replacement versus fusion, results of a 
prospective randomized clinical trial

AUTHORS:
Rick Delamarter, MDa; 

Jack Zigler, MDb

AFFILIATIONS:
a  Cedars-Sinai Spine 
Center, Los Angeles, CA;
b  Texas Back Institute, 
Plano, TX

PUBLISHED IN:
Spine (Phila 
Pa 1976). 
2013 Apr 
20;38(9):711-
7
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PUBLISHED IN:
J Bone Joint Surg Am. 2015 
Nov 4;97(21):1738-47. 

KEY TAKEAWAY:

4x 
FEWER
prodisc C patients 

than ACDF patients were 
reoperated upon after 7 

years

STUDY OBJECTIVE:

To compare the efficacy 
and safety of prodisc 
C to that of ACDF for the 
treatment of single-level 
cervical DDD between C3-C4 
and C6-C7.

CONCLUSION:

 ˕ Total disc arthroplasty 
with prodisc C is a safe 
and effective surgical 
treatment of single-level 
symptomatic cervical 
degenerative disc disease. 

 ˕ Clinical outcomes after 
total disc arthroplasty with 
prodisc C were similar 
to those after ACDF.

 ˕ Patients treated with 
prodisc C had a lower 
probability of subsequent 
surgery, suggesting the 
potential to decelerate 
the rate of adjacent-level 
disease.

STUDY METHODS:

 ˕ A prospective, randomized, controlled clinical 
trial was performed. 

 ˕ Two-hundred nine patients at thirteen sites 
were randomly selected who were treated 
with prodisc C (n = 103) or with ACDF (n 
= 106). 

 ˕ Patients were assessed pre-operatively; at 
6 weeks, 3, 6, 12, 18, and 24 months post-
operatively; as well as annually until seven 
years post-operatively.

STUDY RESULTS:

 ˕ Overall patient follow-up rate was 92% (152 
of 165). 

 ˕ Neurological status was improved or 
maintained in 88% and 89% of the patients 
in the prodisc C and ACDF groups, 
respectively. 

 ˕ After 7 years, 30 secondary surgical 
procedures had been performed in nineteen 
patients in the ACDF group compared to 
7 secondary surgical procedures in seven 
patients in the prodisc C group (p = 
0.0099). 

 ˕ There were no significant differences in the 
rates of any device-related adverse events 
between the groups.

7-YEAR FOLLOW-UP IDE RESULTS

ProDisc-C Total Disc Replacement Versus Anterior 
Cervical Discectomy and Fusion for Single-Level 
Symptomatic Cervical Disc Disease

AUTHORS:
Michael Janssen, DOa;  
Jack Zigler, MDb;  
Jeffrey Spivak, MDc; 
Rick Delamarter, MDd;    
Bruce Darden, MDe; 

Rick Delamarter, MDf

AFFILIATIONS:
a  Spine Education Research 
Institute, Denver, CO; 
b  Texas Back Institute, 
Plano, TX; 
c  Department of 
Orthopaedic Surgery, NYU 
Hospital for Joint Diseases, 
New York, NY; 
d  The Spine Institute at 
Saint John’s Health Center, 
Santa Monica, CA;
e  OrthoCarolina Spine 
Center, Charlotte, NC;  
f  Department of Health 
Services, University of 
Washington, Seattle, WA
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BIOMECHANICAL  
EVALUATIONS 

SECTION 3:

PUBLISHED IN:
Int J Spine Surg. 2012; 6: 
34–42.

STUDY OBJECTIVE:

In vitro investigation to 
quantify how prodisc C 
alters spine biomechanics, 
relative to the patient’s 
normal condition and 
simulated fusion.

CONCLUSION:

 ˕ In all parameters studied, 
deviations from normal 
biomechanics were less 
substantial after prodisc 
C placement than after 
anterior plating.

STUDY METHODS:

 ˕ Specimens were tested in multiple planes 
by use of pure moments under load control, 
and again in displacement control during 
flexion-extension with a constant 70-N 
compressive follower load. 

STUDY RESULTS:

 ˕ Range of motion and lax zone after disc 
replacement were not significantly different 
from normal values—except during lateral 
bending—whereas plating significantly 
reduced motion in all loading modes (P < 
.002).

 ˕ Plating but not prodisc C shifted the 
location of the axis of rotation anteriorly 
relative to the intact condition (P < 0.01). 

 ˕ Facet loads did not change significantly— 
relative to normal—after anterior plating or 
prodisc C implantation. However, facet 
loads were decreased during flexion in both 
conditions (P < .03).

BIOMECHANICAL PUBLICATION

Biomechanics of a Fixed–Center of Rotation 
Cervical Intervertebral Disc Prosthesis

AUTHORS:
Neil R. Crawford, PhDa; 
Seungwon Baek, MSa; 
Anna G.U. Sawa, MSa; 
Sam Safavi-Abbasi, MDb; 
Volker K.H. Sonntag, MDa; 
Neil Duggal, MDc 

AFFILIATIONS:
a  Spinal Biomechanics 
Laboratory, Barrow 
Neurological Institute, 
Phoenix, AZ; 
b  Department of 
Neurosurgery, College of 
Medicine, University of 
Oklahoma, Oklahoma City, 
OK
c  Department of Neurological 
Surgery, London Health 
Sciences Centre, London, 
Ontario
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PUBLISHED IN:
Neurosurg Focus. 2004 
Sep 15;17(3):E7.

STUDY OBJECTIVE:

An in vitro biomechanical 
study to compare the 
effects of prodisc C 
and ACDF on cervical spine 
biomechanics in a multi-level 
human cadaveric model.

CONCLUSION:

 ˕ prodisc C did not result 
in decreased motion 
compared to the intact 
spine.

 ˕ prodisc C did not alter 
the motion patterns at 
the instrumented level 
or adjacent segments, as 
compared to the intact 
spine—except during 
extension.

STUDY METHODS:

 ˕ Three spine conditions were studied: 
harvested, single-level cervical disc 
arthroplasty, and single-level fusion. 

 ˕ Replicated physiological flexion/extension, 
lateral bending, and axial rotation applied to 
specimens.

 ˕ Vertebral motion, applied load, and bending 
moments were measured.

STUDY RESULTS:

 ˕  ACDF decreased motion across the treated 
site, relative to the intact specimen and 
prodisc C . 

 ˕ For all modes of testing, use of prodisc 
did not alter the motion patterns at 
either the instrumented level or adjacent 
segments, as compared to the intact 
specimen’s condition—except during 
extension.

BIOMECHANICAL PUBLICATION

In vitro biomechanics of cervical disc arthroplasty 
with the ProDisc-C total disc implant

AUTHORS:
DiAngelo DJ; Foley KT; 
Morrow BR; Schwab JS; 
Song J; German JW; Blair E;  

AFFILIATIONS:
Department of Biomedical 
Engineering, University of 
Tennessee Health Science 
Center, Memphis, TN; 
Image Guided Surgical 
Research Center, Memphis, 
TN
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ECONOMIC 
ANALYSIS 

SECTION 4:

PUBLISHED IN:
J Neurosurg Spine. 2016 
May;24(5):760-8.

STUDY OBJECTIVE:

To evaluate the 7-year cost-
effectiveness of prodisc 
C versus ACDF for the 
treatment of patients with 
single-level symptomatic 
degenerative disc disease.

CONCLUSION:

 ˕ Based on this modeling 
evaluation, prodisc C 
was found to be more 
effective and less costly 
over a 7-year time horizon 
for patients with single-
level symptomatic DDD. 

 ˕ These results are robust 
across a range of scenarios 
and perspectives and are 
intended to support value-
based decision making.

STUDY METHODS:

 ˕ Prospectively collected health care 
resource utilization and treatment effects 
(quality-adjusted life years [QALYs]) that 
were obtained from individual patient-
level adverse event reports and SF-36 
data, respectively, from the randomized, 
multicenter prodisc C IDE study and 
post-approval study. 

STUDY RESULTS:

 ˕ Seven-year follow-up data for more than 
70% of the 209 randomized patients. 

 ˕ In the base-case analysis, prodisc C 
resulted in mean per-patient cost savings of 
$12,789 (95% CI $5362-$20,856) and per-
patient QALY gains of 0.16 (95% CI -0.073 
to 0.39) compared to ACDF over 7 years. 

 ˕ prodisc C was more effective and less 
costly in 90.8% of probabilistic simulations.

COST-EFFECTIVENESS PUBLICATION

Seven-year cost-effectiveness of ProDisc-C total 
disc replacement: results from IDE and post-
approval studies

AUTHORS:
Radcliff Ka; Lerner Jb; 
Yang Cc; Bernard Te;  
Zigler JEe 

AFFILIATIONS:
a  Department of Orthopedic 
Surgery, Rothman Institute, 
Egg Harbor Township, NJ; 
b  Evidence Based Medicine;
c  Medical Affairs; 
d  Biostatistics and Data 
Management, DePuy Synthes 
Spine, West Chester, PA; 
e  Spine Surgery, Texas Back 
Institute, Plano, TX;

KEY TAKEAWAY:

30% 
PREDICTED TOTAL 

COST-SAVINGS

for prodisc C patients 
vs. ACDF patients
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STUDY OBJECTIVE:

To determine the cost-
effectiveness of ACDF versus 
prodisc C at 5 years 
post-operatively.

CONCLUSION:

 ˕ prodisc C was found 
to be the dominant 
treatment strategy in our 
model. 

STUDY METHODS:

 ˕ Hospital costs were determined from the 
Nationwide Inpatient Sample.

 ˕ Utilities were derived from responses to 
health state surveys (Short Form 36) from 
baselines at the time of treatment to 5 years 
from the treatment arms of the prodisc 
C trial.

STUDY RESULTS:

 ˕  prodisc C generated a total 5-year cost 
of $102,274, whereas ACDF resulted in a 
5-year cost of $119,814. 

 ˕ prodisc C resulted in a generation of 2.84 
quality-adjusted life years, whereas ACDF 
resulted in 2.81.

COST-EFFECTIVENESS STUDY

The 5-year cost-effectiveness of anterior 
cervical discectomy and fusion and cervical disc 
replacement: a Markov analysis.

AUTHORS:
McAnany SJ; Overley S; 
Baird EO; Cho SK; Hecht 
AC; Zigler JE; Qureshi SA  

AFFILIATIONS:
Department of 
Orthopaedic Surgery, 
Mount Sinai Medical 
Center, New York, NY; 
Texas Back Institute/Texas 
Health Research Institute, 
Plano, TX
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Fax: 800.493.0966 
cs@centinelspine.com 
www.centinelspine.com
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