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Abstract

Cervical total disc replacement is a routinely
used treatment for radiculopathy due to degener-
ative disease of the cervical spine. The procedure
originated to avoid some of the complications
seen with the traditional anterior cervical
discectomy and fusion. Appropriate patient
selection is paramount to obtain acceptable
patient outcomes, with particular indications
and contraindications for these procedures. As
the procedure gained more acceptance, several
cervical artificial discs have been developed and,
subsequently, approved by the US Food and
Drug Administration (FDA). Each of the eight
FDA-approved devices is briefly reviewed in this
chapter including outcomes from device-specific
studies.

Keywords

Artificial disc · Cervical · Disc replacement ·
FDA-approved · Outcomes

Introduction

Anterior cervical decompression and fusion
(ACDF) is one of the most common surgeries
done worldwide to decompress the cervical
canal, provide stabilization, and restore the nor-
mal lordosis of the cervical spine (Cloward 2007;
Smith and Robinson 1958). It has been utilized in
the treatment of degenerative disc disease, cervi-
cal radiculopathy, myelopathy, instability, and
segmental deformity. Fusion rates for ACDFs
are reported above 95%, and this fusion has been
shown to cause a change in motion characteristics
of the adjacent segments (DiAngelo et al. 2003;
Eck et al. 2002). The change in the kinematics of
adjacent levels may be responsible for increased
risk of adjacent segment degeneration (Hilibrand
et al. 1999; Dohler et al. 1985).

Cervical total disc replacement was developed to
avoid some of these complications seenwith ACDF.
Preservation of the motion segments after total disc
replacement surgery may reduce or delay the pro-
gression of adjacent segment disease bymaintaining
motion as well as normal segmental lordosis and
anatomic disc space height (Fuller et al. 1998).
Indications and contraindications are reviewed in
this chapter as not all patients who are candidates
for ACDF are candidates for total disc replacement.

Acceptance of this procedure has led to the
development of numerous artificial disc designs.
Eight devices have been approved by the US Food
and Drug Administration (FDA) after thorough
investigation through investigation device exemp-
tion (IDE) studies. Each of the eight FDA-
approved devices (Prestige ST, Bryan, ProDisc-C,
Secure-C, PCM, Mobi-C, Prestige LP, M6-C) and
their outcomes are briefly discussed in this chapter.
All eight artificial discs are FDA-approved for one-
level use from C3-7. Only two artificial discs,
Mobi-C and Prestige LP, are FDA-approved for
two-level use. Most of the artificial disc designs
have either uni- or biarticulating surfaces, although
the newest FDA-approved device, M6-C, has a
non-articulating, compressible core. Most of these
discs are metal-on-polymer (M-o-P), although the
Prestige ST and Prestige LP represent metal-on-
metal (M-o-M) designs. Despite the controversy
surroundingM-o-M total hip arthroplasty implants,
there have been no widespread reports of M-o-M
cervical artificial discs causing complications such
as elevated serum metal ion levels, osteolysis or
pseudotumor formation (Coric et al. 2011).

Rationale for Total Disc Replacement

As mentioned, despite long-term clinical success
of ACDF, it has been associated with the devel-
opment of adjacent segment degeneration. This
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degeneration can be associated with symptoms
such as radiculopathy, myelopathy, or neck pain
and may necessitate additional interventions. Due
to loss of motion at the fused segment, the kine-
matics are changed at the levels above and below
the fused segment. This has been shown in bio-
mechanical studies to cause increase in intradiscal
pressure and motion at the adjacent levels (Eck
et al. 2002). It is still unclear whether this degen-
eration is a result of the natural progression seen
with aging or a result of the change in biomechan-
ical stresses seen with ACDF.

In contrast, biomechanical studies have
reported that total disc replacement does not
disrupt the kinematics at adjacent levels and
allow for restoration of more normal load trans-
fer (DiAngelo et al. 2003). Additional studies
report that there are reduced stresses at adjacent
levels in total disc replacement when compared
to levels adjacent to a fusion (Pickett et al.
2005).

Indications/Contraindications

Cervical spondylosis is a common condition and
can result in radiculopathy and myelopathy.
Patients presenting with these symptoms should
undergo appropriate work-up including radio-
graphic evaluation and nonsurgical management.
Radiographic evaluation, including MRI and CT
imaging, can reveal single versus multilevel dis-
ease, presence of facet arthropathy, overall cervi-
cal spine alignment, kyphotic deformity,
instability, and the location of compressive
pathology (anterior, posterior, or both). The
results of radiographic evaluation are crucial in
determining whether a patient is an appropriate
candidate for a total disc replacement.

In the setting of normal cervical alignment and
mobility with failure of medical management,
appropriate indications for total disc replacement
include:

– Radiculopathy due to paracentral or central
disc pathology or foraminal stenosis

– Myelopathy due to anterior compression by
herniated disc

Contraindications for total disc replacement
include:

– Significant multiple level degenerative disc
disease (> two levels) with baseline motion
abnormalities or advanced degeneration of the
facet joints

– Abnormal global spinal alignment
– Cervical Instability (translation >3 mm and/or

>11� rotational difference to that or either
adjacent level)

– Active or prior discitis
– Osteoporosis (T-score < �1.5)
– Traumatic instability (ligament disruption or

facet injury)
– Ossified posterior longitudinal ligament

(OPLL) or the presence of bridging
osteophytes

– Known allergy to implant materials

FDA-Approved Devices

Starting in 2006, eight cervical artificial disc
devices have become available in the United
States for one-level use, two of which, Mobi-C
and Prestige LP, are approved for two-level use
(Table 1). These devices vary in size, shape,
materials, and articulating surfaces. They can be
categorized based on biomechanical design, bio-
materials, and type of fixation (Fig. 1)
(Mummaneni and Haid 2004; Mummaneni
et al. 2007).

Bryan Cervical Disc

Device Description
The Bryan cervical disc was developed in the
early 1990s by neurosurgeon Vincent Bryan.
The device is made of two titanium alloy shells
with a polyurethane nucleus, which makes it a
biarticulating contained bearing design. This is a
non-modular disc. Fixation is achieved via
milled vertebral end plates, and it allows end
plate bony ingrowth through a porous end plate
design (Fig. 2).
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Outcomes
Recently, Goffin et al. reported results in 89
patients treated with the Bryan disc. Ten-year
follow-up was available for 72 cases (81%).

Maintenance or improvement of the neurological
state was seen in 89% of patients. SF-36 patient
reported scores improved significantly at all fol-
low-up points. Mean angular motion of the

Table 1 Comparison of the eight FDA-approved artificial disc devices

Name Design Modular
Articulating
method

Implant
composition

Primary
fixation Manufacturer

Bryan Metal-on-
polyurethane,
Biarticulating
contained bearing

No Biarticulating Titanium,
polyurethane
core

Milled
vertebral
end plates

Medtronic

PCM Metal-on-
polyethylene
Ball-and-socket

No Uniarticulating Cobalt -
chromium,
UHMWPE

Ridged,
V-tooth
design

NuVasive

ProDisc-C Metal-on-
polyethylene, ball-
and-socket

Yes Uniarticulating Cobalt-
chromium,
UHMWPE

Central
keel

DePuy Synthes
(recently sold to
Paradigm Spine)

Prestige
ST

Metal-on-metal
Ball-and-trough

No Uniarticulating Stainless
steel

Locked
vertebral
body
screws

Medtronic

Prestige
LP

Metal composite,
ball-and-trough

No Uniarticulating Titanium/
ceramic
composite

Dual rails Medtronic

Mobi-C Metal-on-
polyethylene,
mobile core

Yes Biarticulating Cobalt -
chromium,
UHMWPE

Lateral
self-
retaining
teeth

LDR

Secure-C Metal-on-
polyethylene,
mobile core

No Biarticulating Cobalt -
chromium,
UHMWPE

Ridged
central
keel

Globus Medical

M6-C Metal on
polyurethane

No Nonarticulating
Compressible

Titanium/
Polyurethane
UHMWPE

Triple fins Spinal Kinetics

Fig. 1 Nomenclature for artificial disc implants based on design, articulation, andmaterials. (Permission for the reprint of
figure obtained from Journal of Neurosurgery: Spine)
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prosthesis at 10-year follow-up was 8.6�. Mobil-
ity of the device, defined as >2� of angular
motion, was reached in 81% of patients. During
their study period, 21 patients (24%) developed
new or recurrent radiculopathy or myelopathy;
the majority of these patients were treated con-
servatively. Seven patients (8%) required 8 addi-
tional spine surgeries to treat persistent or
recurrent symptoms. Of these, two patients
(2%) were reoperated on at the index level, and
five (6%) patients underwent surgery at an adja-
cent level (Goffin et al. 2003).

Heller et al. presented the results of a random-
ized controlled multicenter clinical study in 2009
with 242 patients in the investigational group
(Bryan arthroplasty) and 221 patients in the con-
trol group (single-level ACDF). They showed
statistically significant favorable results in the
investigational group in various parameters like
NDI, neck pain, and return to work and compara-
ble results in other parameters like arm pain and
SF 36 physical and mental components. At 24
months, overall success was achieved in 82.6%
of the patients in the investigational group and
72.7% in the control group. This difference of
9.9% was statistically significant (P = 0.010),
and a similar difference was noted at the 12-
month follow-up interval (P = 0.004) (Heller
et al. 2009).

Porous Coated Motion (PCM)
Prosthesis

Device Description
The porous coated motion prosthesis is designed
to have a metal-on-polyethylene articular surface.
This device is a uniarticulating design, which is
not modular. It is made up of cobalt-chromium-
molybdenum alloy end plates with a TiCaP
porous coating for bony ingrowth. Fixation is
achieved with a central V-tooth design in a
“press fit” fashion (Fig. 3).

Outcomes
In 2015, Philips et al. published the long-term
outcomes of the FDA IDE prospective, random-
ized controlled trial, which compared the PCM
prosthesis to anterior cervical discectomy and
fusion. The total patient pool of 293 patients
(163 PCM, 130 ACDF) was evaluated at 5-year
follow-up, and 110 patients had 7-year follow-up.
They reported that at 5-year follow-up, all patient-
reported outcomes – neck and arm pain visual
analogue scale score, neck disability index, and
general health (36-Item Short FormHealth Survey
physical and mental component scores: physical
component summary, mental component sum-
mary) – were significantly improved from base-
lines in both groups. Mean scores were

Fig. 2 Bryan artificial disc: (a) device; (b) lateral X-ray after implantation
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significantly better in the PCM group for neck
disability index, neck pain, general health, and
patient satisfaction. PCM patients trended toward
fewer 2- to 7-year device-related serious adverse
events and secondary surgical procedures. Adja-
cent-level degeneration was radiographically
more frequent after ACDF and was the primary
indication for the increase in late-term secondary
surgical procedures after ACDF (Phillips et al.
2015).

ProDisc-C Cervical Disc

Device Description
The ProDisc-C cervical disc is similar in its design
to the ProDisc lumbar disc prosthesis. It is a

modular ball-and-socket type uniarticulating
design. It consists of two cobalt-chromium-
molybdenum end plates with an ultrahigh molec-
ular weight polyethylene (UHMWPE) core. Fix-
ation is achieved via a central keel (Fig. 4).

Outcomes
In 2016, Loumeau et al. published data from a
randomized controlled trial comparing 7-year
clinical outcomes of one-level symptomatic cer-
vical disc disease following ProDisc-C total disc
arthroplasty versus ACDF. A total of 22 patients
were randomized to each arm of the trial. The
authors reported that neck disability index (NDI)
scores improved with the ProDisc-C greater than
with ACDF. Total range of motion and neck and
arm pain improved more in the ProDisc-C group

Fig. 3 Porous coated motion prosthesis: (a) device; (b) lateral X-ray after implantation

Fig. 4 ProDisc-C cervical disc: (a) device; (b) lateral X-ray after implantation
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compared to the ACDF group. Patient satisfaction
remained higher in the ProDisc-C group at 7
years. Six additional operations (two at the same
level; four at an adjacent level) were performed in
the ACDF group; however, no reoperations were
performed in the ProDisc-C group. They con-
cluded that ProDisc-C implants appear to be safe
and effective for the treatment of cervical disc
disease and had a lower reoperation rate than
those patients treated with an ACDF (Loumeau
et al. 2016).

Prestige ST Cervical Disc

Device Description
The Prestige ST was designed by Mr. Brian
Cummins and was the first cervical total disc
replacement to receive FDA approval in 2006. It
is a stainless steel disc, which has a ball-and-
trough design with biarticulating surfaces. It is
secured to the vertebral body with screws. The
superior and inferior surfaces, which contact the
end plates, are treated to promote bone integration
(Fig. 5).

Outcomes
AFDA IDE randomized controlled study reported
by Mummaneni et al. compared cervical disc
replacement using the Prestige ST device versus

a single-level ACDF. Two-, 5-, and 7-year results
have been published. Out of the 541 total patients
in the study, 395 patients (212 Prestige ST, 183
ACDF) completed a 7-year follow-up. They
found significantly improved NDI scores and neu-
rological improvement scores in the investiga-
tional group as compared to the control group.
Additionally, rates for subsequent surgical proce-
dures that involved adjacent levels were signifi-
cantly lower in the Prestige ST group (4.6% vs.
11.9%). They concluded that cervical disc
arthroplasty using the Prestige ST cervical disc
had the potential for preserving motion at the
operated level while providing biomechanical sta-
bility and global neck mobility and could result in
a reduction in adjacent segment degeneration
(Burkus et al. 2014).

Prestige LP Artificial Disc

Device Description
The Prestige LP artificial disc has the same ball-
and-trough articulation as the Prestige ST disc.
However, the Prestige LP is made from a titanium
ceramic composite material. It is anchored to the
vertebral bodies via dual rails on the superior and
inferior end plates. It also has a porous titanium
spray coating to facilitate fixation and bone
ingrowth (Fig. 6).

Fig. 5 Prestige ST cervical disc: (a) device; (b) lateral X-ray after implantation
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Outcomes
The results of a randomized control study,
investigating the Prestige LP device, were
published by Gornet et al. in 2017. They
assessed the long-term clinical safety and effec-
tiveness in patients undergoing total disc
replacement using the Prestige LP prosthesis to
treat degenerative cervical spine disease at 2
adjacent levels compared with ACDF. The
study was conducted at 30 centers in the United
States with a total of 397 patients (209 Prestige
LP, 188 ACDF). At 84 months, the Prestige LP
demonstrated statistical superiority over fusion
in overall success, NDI improvement, and neu-
rological success. There was no statistically sig-
nificant difference in the overall rate of implant-
related or implant/surgical procedure-related
adverse events up to 84 months. The Prestige
LP group had fewer serious (Grade 3 or 4)
implant- or implant/surgical procedure-related
adverse events (3.2% vs. 7.2%,). Patients in
the Prestige LP group also underwent statisti-
cally significantly fewer second surgical proce-
dures at the index levels (4.2%) than the fusion
group (14.7%). Angular range of motion at the
superior- and inferior-treated levels on average
was maintained in the Prestige LP group up to
84 months (Gornet et al. 2017).

Mobi-C Cervical Disc

Device Description
The Mobi-C cervical disc was first implanted in
2004. This device has a biarticulating design of
metal plates articulating on a polyethylene modu-
lar core. It has lateral self-retaining teeth on the
superior and inferior metal plates, which are pre-
ssed into the bone for fixation. The plates are
coated with hydroxyapatite to enhance bone inte-
gration (Fig. 7).

Outcomes
Hisey et al. published their results in 2016 of a
prospective, randomized, controlled study which
was conducted as a FDA IDE trial across 23
centers with 245 patients randomized (2:1) to
receive total disc replacement with Mobi-C cervi-
cal disc or ACDF. The 60-month follow-up rate
was 85.5% for the Mobi-C group and 78.9% for
the ACDF group. The composite overall success
was 61.9% with Mobi-C vs. 52.2% with ACDF,
demonstrating statistical non-inferiority. Improve-
ments in NDI, VAS neck and arm pain, and SF-12
scores were similar between groups and were
maintained from earlier follow-up through 60
months. There was no significant difference
between Mobi-C and ACDF in adverse events or

Fig. 6 Prestige LP cervical disc: (a) device; (b) lateral X-ray after implantation
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major complications. Range of motion was
maintained with Mobi-C through 60 months.
Device-related subsequent surgeries (Mobi-C
3.0%, ACDF 11.1%) and adjacent segment
degeneration at the superior level (Mobi-C
37.1%, ACDF 54.7%) were significantly lower
for Mobi-C cohort. They concluded that total
disc replacement with Mobi-C is a viable alterna-
tive to single-level ACDF (Hisey et al. 2016).

Secure-C Cervical Disc

Device Description
The Secure-C device is a selectively constrained
anterior articulating intervertebral device

comprised of two end plates and a central core.
The superior and inferior cobalt-chrome alloy end
plates have multiple serrated keels for short-term
fixation and titanium plasma spray coating on
bone contacting surfaces for long-term bony
ingrowth. The sliding central core is composed
of ultrahigh molecular weight polyethylene, with
a spherical superior interface (Fig. 8).

Outcomes
Vaccaro et al. published results of a prospective,
multicenter, randomized controlled IDE trial to
compare the clinical safety and effectiveness of
the Secure-C device versus ACDF. A total of 380
patients from 18 investigational sites were ran-
domized and evaluated. Overall, the study

Fig. 7 Mobi-C cervical disc: (a) device; (b) lateral X-ray after implantation

Fig. 8 Secure-C cervical disc: (a) device; (b) lateral X-ray after implantation
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demonstrated the statistical superiority of the
Secure-C group compared with the ACDF group
at 24 months. At 24 months, the Secure-C cohort
demonstrated clinically significant improvement
in pain and function in terms of NDI scores, VAS
scores, and 36-Item Short Form Health Survey. At
24 months, the percentage of patients experienc-
ing secondary surgical interventions at the index
level was statistically lower for the Secure-C
group (2.5%) than the ACDF group (9.7%). This
type of disc has also proven to be a viable alter-
native to ACDF in appropriately selected patients
(Vaccaro et al. 2013).

M6-C Artificial Cervical Disc

Device Description
The M6-C disc is an unconstrained disc with a
polyethylene weave (designed to mimic the annu-
lus fibrosus) which houses a compressible visco-
elastic polyurethane core (designed to mimic the
nucleus pulposus). The end plates are titanium
with a plasma spray coating, and fixation is
achieved with three rows of “fins” on the upper
and lower end plates (Fig. 9).

Outcomes
Lauryssen et al. published results of a prospective,
multicenter, non-controlled IDE pilot study to
evaluate the clinical safety and effectiveness of
the M6-C disc. A total of 30 patients from 3
investigational sites were evaluated and demon-
strated significantly improved clinical outcomes

(NDI, VAS neck and arm scores) compared to
baseline at 2-year follow-up (Lauryssen et al.
2012).

Conclusion

Eight cervical artificial disc devices have been
approved by the FDA dating back to 2006.
These devices have a sound evidence basis as
safe and viable alternatives to ACDF in properly
selected patients. Patient selection is key to ensure
appropriate patient outcomes as seen in these
FDA IDE studies. Further long-term investiga-
tions will be necessary to ensure the longevity of
these devices.
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