
CHAPTER 12

Cervical Disk Arthroplasty: Patient Selection

Dale Ding, MD, and Mark E. Shaffrey, MD

The treatment of symptomatic cervical degenerative disk
disease through an anterior transcervical retropharyngeal

approach dates back to the late 1950s when the anterior cer-
vical diskectomy and fusion was first described.1,2 Since its
inception, the anterior cervical arthrodesis has evolved into
the gold standard treatment of symptomatic cervical spondy-
losis.3 Fusion rates for cervical arthrodesis are well over 90%,
and more important, the procedure boasts excellent clinical
success rates.4 However, cervical arthrodesis is not without its
shortcomings. Fusion of $ 2 cervical vertebrae reduces the
physiologic cervical range of motion and increases the bio-
mechanical load on the remaining vertebrae, which likely
accelerates adjacent-level degeneration.5 Radiographic evi-
dence of adjacent-level disease will eventually be seen in
the vast majority of patients after cervical arthrodesis,6 and
the rate of symptomatic adjacent-level disease requiring reo-
perative is approximately 3% annually.7

Cervical disk arthroplasty was conceived with the goals
of preserving physiologic cervical range of motion and
reducing the incidence of adjacent-level disease. Although
initial experiences with cervical arthroplasty in the 1960s
produced disappointing results,8,9 3 decades of technological
advances have allowed the reemergence of more successful
implant designs in the 1990s.10 Since then, several clinical
studies have been undertaken worldwide to evaluate the effi-
cacy of various cervical disk arthroplasty designs.11 Prelimi-
nary results from randomized controlled trials are promising
in the comparison of cervical arthroplasty and cervical
arthrodesis for single-level degenerative disk disease.12-15

Although treatment of multilevel cervical spondylosis with
arthroplasty has been reported with some early success,16,17

long-term prospective data have yet to be published.
Compared with cervical arthrodesis, cervical arthro-

plasty is still a relatively new procedure, accounting for , 1%
of anterior cervical surgeries performed in the United States.18

Because of the innovative nature of the arthroplasty devices
and some negative connotation associated with “fusion” pro-
cedures for patients, surgeons must resist the temptation to
expand the indications for disk replacement surgery until the
results are appreciated in an ideal patient population. It must
always be remembered that anterior cervical diskectomy and
fusion and posterolateral laminoforaminotomy are excellent
procedures with proven outcomes. Cervical disk arthro-
plasty will never replace these procedures in the majority

of circumstances. Thus, as with any relatively new surgical
procedure, patient selection is a crucial determinant of suc-
cess. Here, we define favorable and unfavorable clinical and
radiographic characteristics for cervical arthroplasty and
present patient cases demonstrating successful and unsuc-
cessful use of cervical arthroplasty.

ILLUSTRATIVE CASE PRESENTATIONS
The following cases are illustrative of the tenets for

proper patient selection and of the undesirable outcomes that
can result from poor patient selection.

The first case is a 42-year-old man who presented with
a 3-month history of axial neck pain and bilateral upper-
extremity pain, left greater than right, that failed to respond
to physical therapy and epidural steroid injections. On
physical examination, he had bilateral triceps weakness,
4-5 on the left and 4/5 on the right, and left second, third,
and fourth digit numbness. Figure 1 shows his preoperative
cervical spine magnetic resonance image demonstrating
a broad C6-7 disk bulge resulting in central canal and left
greater than right bilateral neuroforaminal stenosis. The
patient underwent a C6-7 arthroplasty with postoperative
improvement in his radicular pain and triceps strength. At
the 4-year follow-up (Figure 2), lateral flexion-extension and
anteroposterior lateral bending x-rays showed good preser-
vation of cervical range of motion.

The second case is a 44-year-old man with a 5-month
history of axial neck pain and right upper-extremity pain
refractory to physical therapy and epidural steroid injections.
His neurological examination was significant for 4/5 right
triceps weakness and right third digit numbness. His pre-
operative magnetic resonance image, shown in Figure 3, dem-
onstrated a paracentral C6-7 disk protrusion, resulting in severe
right neuroforaminal stenosis. A C6-7 arthroplasty was per-
formed, resulting in postoperative improvement in radiculop-
athy. Figure 4 shows the patient’s 4-year follow-up lateral
flexion-extension x-rays, showing good preservation of cervi-
cal motion. A C-spine computed tomography demonstrates
lack of both heterotopic ossification and osteolysis.

The third and final case is a 39-year-old woman with
axial neck pain and bilateral upper-extremity pain unrespon-
sive to conservative management. On examination, she had 4/5
bilateral wrist extensor weakness, right thumb and second digit
numbness, and bilateral lower-extremity hyperreflexia. Her
preoperative computed tomographic myelogram (Figure 5)
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FIGURE 1. Preoperative mag-
netic resonance image of a
47-year-old man presenting with
bilateral cervical radiculopathy.
Lateral (A) and axial (B) C-spine
magnetic resonance image at
the level of C6-7 demonstrates
a broad-based central disk bulge
resulting in central canal and
bilateral neuroforaminal stenosis
that is worse on the left (arrow).

FIGURE 2. Postoperative lateral
flexion (A) and extension (B) and
anteroposterior lateral (C and D)
bending x-rays at the 4-year
follow-up of the same patient as
in Figure 1 demonstrating pres-
ervation of dynamic cervical
motion.
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showed a collapsed C5-6 disk space and a paracentral disk
protrusion at that level, resulting in central canal and right
greater than left neuroforaminal stenosis. The patient
underwent C5-6 arthroplasty with postoperative improve-
ment in her radiculopathy and myelopathy and good cer-
vical range of motion at the 1-year follow-up, as shown on
the flexion-extension x-rays in Figure 6. However, she
presented with recurrent C5-6 radiculopathy 3 years post-
operatively. Figure 7 shows her subsequent flexion-exten-
sion x-rays demonstrating anterior implant migration and
resultant restenosis of the C5-6 neural foramina. This
patient ultimately required supplemental C5-6 posterior
instrumentation with lateral mass screws to reopen the neu-
ral foramina and to alleviate her recurrent radiculopathy. In
retrospect, the degree of preoperative disk space collapse,
shown in Figure 5A, made her a poor candidate for cervical
arthroplasty.

INDICATIONS AND CONTRAINDICATIONS FOR
CERVICAL ARTHROPLASTY

It would be an erroneous assumption that cervical
arthroplasty faces issues similar to the notable challenges that
lumbar disk arthroplasty faces. There are significant dissim-
ilarities in indications, patient selection, implant design,
surgical approaches, potential complications, and complexity
of revision surgery that greatly distinguish the procedures.
There is a vast difference in the physiological load experi-
enced by the cervical spine compared with the lumbar spine
that affects implant design and wear. Therefore, the selection
of candidates for cervical and lumbar arthroplasties differs
significantly. Although lumbar arthroplasty is for axial back
pain, cervical arthroplasty is for radiculopathy and possibly
myelopathy.

The current indication for cervical arthroplasty in the
United States is single-level cervical degenerative disease.

FIGURE 3. Preoperative mag-
netic resonance image in a
42-year-old man presenting with
right-sided cervical radiculop-
athy. Lateral (A) and axial (B) C-
spine magnetic resonance image
at the level of C6-7 showing
a paracentral disk herniation re-
sulting in severe right neuro-
foraminal stenosis.

FIGURE 4. Postoperative lateral flexion (A) and extension (B) C-spine x-rays of the same patient as in Figure 3 at the 4-year follow-
up demonstrating preservation of dynamic cervical motion. C, postoperative C-spine computed tomography at the 4-year follow-
up showing lack of osseous fusion.
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However, outcomes for multilevel procedures are reported.19

Investigational device exemption studies in the United States
for 2-level cervical disk arthroplasties are currently underway.
For single-level cervical disk involvement, there should be
signs and symptoms of neurologic compression. These meas-
ures are usually expressed by neck and arm pain visual analog
scores, Neck Disability Index, and the accurate recording of
motor, sensory, and reflex function. There is some evidence
that cervical disk arthroplasty is an acceptable treatment for
cervical myelopathy when the cord compression is anterior
and exists at the level of the disk space.20 The results are not
proven when the anterior compressive pathology exists
behind the vertebral body such as in ossification of the pos-
terior longitudinal ligament. However, it must be kept in mind

that the pathology should be anterior (not circumferential) and
that there should not be a dynamic contribution to the mye-
lopathy. Motion preservation in the face of dynamic instabil-
ity would be misguided. The success of cervical disk
arthroplasty solely for axial neck pain is unclear. However,
it could clearly be problematic if segmental motion were pre-
served in the face of axial neck pain resulting from significant
facet arthropathy. Arthrodesis would be the best choice for
this indication.

Although advancing age is not, per se, a contraindica-
tion to cervical disk arthroplasty, there is little doubt that
many contraindications become more prominent in an aging
population. Facet arthropathy, disk space collapse, segmen-
tal instability, kyphotic deformity, and osteoporosis are

FIGURE 5. Preoperative com-
puted tomography myelogram
in a 39-year-old woman pre-
senting with cervical radiculop-
athy and myelopathy. Lateral (A)
and axial (B) C-spine computed
tomographic myelogram at the
level of C5-6 showing a para-
central disk protrusion resulting
in significant central canal and
right greater than left neuro-
foraminal stenosis.

FIGURE 6. Postoperative lateral
flexion (A) and extension (B) C-
spine x-rays of the same patient
as in Figure 5 at the 1-year fol-
low-up demonstrating good
preservation of cervical motion.
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more prevalent in older patients. We recommend a minimal
disk height of 3 mm for successful cervical disk arthro-
plasty. Excessive disk space collapse can prevent appropri-
ate implant sizing. Forcing an implant into a narrow disk
space can lead to poor implant performance and over-
distraction (ie, “overstuffing”) of the disk space and facet
joints, which can actually increase axial neck pain. With
progressive disk space collapse, segmental motion will
decline and osteophyte formation will increase. It is critical
to recognize that once segmental motion is lost as a result of
a combination of disk space collapse, osteophyte formation,
and facet arthropathy, it cannot be restored effectively. The
concept of cervical disk arthroplasty is for motion preserva-
tion and not motion re-creation. Thus, a full series of
dynamic plain cervical x-rays is an important component
of the presurgical evaluation. The preoperative cervical
films with dynamic views also provide an opportunity to
assess for segmental instability and kyphotic deformity.
Currently, disk replacement devices should not be used to
correct significant cervical sagittal imbalance. We define
segmental instability as . 3.5 mm sagittal plane translation
on dynamic imaging. We denote kyphotic deformity when
there is $ 158 sagittal angulation.

Osteoporosis is a contraindication for cervical disk
arthroplasty. Osteoporosis can both affect the potential for
subsidence of the implant and increase the chance of device
displacement if the bone surrounding the device is weakened.
Other conditions that can affect spinal stability or bone
quality are also contraindications and include trauma, infec-
tion, and neoplasm. Patients who have had previous posterior
decompressive laminectomies likely should not be considered
for arthroplasty, although previous posterolateral foraminot-
omy can be acceptable if other selection criteria are fulfilled.

CERVICAL ARTHROPLASTY VS ARTHRODESIS
The following are not meant to be guidelines but rather

recommendations regarding which patients are most likely to
benefit from arthroplasty vs arthrodesis (Table). We recom-
mend considering cervical disk arthroplasty in patients with
single-level disease, primarily anterior or disk-related pathol-
ogy, preserved cervical range of motion, no significant facet
arthropathy, and normal sagittal alignment. In contrast, we
recommend cervical arthrodesis for multilevel disease, com-
bined anterior and posterior disease, lack of preoperative seg-
mental motion, collapsed disk space, segmental ankylosis,
osteoporosis, significant kyphosis, segmental instability,
tumor, trauma, and infection.

It is important to note that simple technical errors are as
likely to result in poor outcomes as poor patient selection for

FIGURE 7. The same patient as in Figure 5 re-presented at 3-year follow-up with recurrent cervical radiculopathy. Lateral flexion
(A) and extension (B) C-spine x-rays showed anterior migration of the graft resulting in posterior disk space collapse and recurrent
neuroforaminal stenosis. C, a C5-6 posterior instrumented fusion with lateral mass screws was performed to reopen the neural
foramina at that level.

TABLE. Selection Criteria for Anterior Cervical Surgery

Patient Selection

Consider Arthroplasty Consider Fusion

Single-level disease Multilevel disease

Primarily anterior or disk-related
pathology

Combination of anterior and
posterior pathology

Preserved segmental motion Loss of segmental motion

Preserved disk space height Collapsed disk space

No significant facet arthropathy Segmental ankylosis

Normal sagittal alignment Osteoporosis

Significant kyphosis

Segmental instability

Tumor, trauma, infection

Previous decompressive
laminectomies
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cervical arthroplasty procedures. One frequent technical error
mentioned previously is overstuffing or intradiskal over-
distraction, as shown in Figure 8. This results in overdistrac-
tion of the facets, which can cause axial neck pain and

referred intrascapular pain. Another common technical pitfall
is using an implant that does not provide adequate geographic
coverage of the endplates, as shown in Figure 9. Inadequate
coverage of the posterior endplate results in posterior osteophyte

FIGURE 8. Lateral C-spine x-ray
in a case of intradiskal over-
distraction resulting in over-
distraction of the facets before (A)
and after (B) implant placement.

FIGURE 9. Lateral flexion (A)
and extension (B) x-rays dem-
onstrating restricted cervical
range of motion in a patient in
which the implant did not cover
the posterior endplate.

FIGURE 10. A, upright lateral C-
spine x-ray showing loss of
anterior column support in this
patient who presented with cer-
vical myelopathy. B, anterior
column support was restored
with a 3-level C3-6 cervical
arthrodesis.
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reformation, encourages heterotopic ossification, and causes
poor implant performance, all of which ultimately result in
restricted cervical range of motion.

Technical errors and poor patient selection are the 2
most common causes of poor outcomes after cervical
arthroplasty. Cervical arthrodesis, rather than arthroplasty,
should be used to treat loss of anterior column support
(Figure 10). Patients with circumferential cervical stenosis in
the absence of cervical lordosis will also be unlikely to
benefit from arthroplasty. Additionally, it is important to
note that cervical myelopathy can have both a static and
a dynamic component. Arthroplasty may successfully treat
cervical myelopathy, but the patients must be chosen very
carefully. Until more literature is available, the decision for
arthroplasty vs arthrodesis for the treatment of cervical
degenerative disease will vary, depending on the surgeon’s
individual experience and patient-specific characteristics and
concerns.

CONCLUSION
In the last decade, cervical disk arthroplasty has emerged

as a promising alternative to cervical arthrodesis for the
treatment of symptomatic cervical degenerative disk disease.
However, we do not expect cervical arthroplasty to supplant all
of the current treatments for cervical myelopathy and radicul-
opathy, including anterior cervical arthrodesis and posterior
cervical decompression with or without arthrodesis. Addition-
ally, posterior cervical foraminotomy and microdiskectomy will
remain successful operations for posterolateral cervical disks.
At this time, significant prospective data exist only for single-
level cervical arthroplasty in the United States, but the literature
for multilevel cervical arthroplasty continues to evolve.

Disclosure
The authors have no personal financial or institutional

interest in any of the drugs, materials, or devices described in
this article.
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