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BACKGROUND Since the beginning of the 21st century, cervical disc arthroplasty (CDA) has been accepted as an alternative to anterior cervical
discectomy and fusion for surgical management of disc problems. The published clinical trials of CDA have included patients with radiculopathy or
myelopathy caused by one- or two-level disc herniation at C3–7. However, it remains uncertain whether CDA is a viable option for C2–3 disc
herniation.

OBSERVATIONS In this report, a 52-year-old man presented with hand numbness, arm pain, and myelopathic symptoms that were refractory to
medical treatment for more than 6 months. The magnetic resonance images demonstrated herniated discs at C2–3, C3–4, and C4–5, causing
stenosis. There was no ossification of posterior longitudinal ligament and the spine was mobile, so he received anterior discectomies with artificial disc
replacement at each of the C2–3, C3–4, and C4–5 levels. The surgery went smoothly, and his neurological symptoms were promptly relieved. The
postoperative radiographs at 24 months demonstrated a preserved range of motion at each level.

LESSONS To date, this was the first report of CDA performed at C2–3, which also involved three consecutive levels of disc replacement. The report
suggested that both C2–3 and three-consecutive-level CDA may be a viable option for cervical disc disease.

https://thejns.org/doi/abs/10.3171/CASE21320

KEYWORDS ACDF; anterior cervical discectomy and fusion; CDA; cervical disc arthroplasty; artificial disc replacement; disc herniation; C2–3; three
consecutive level

Since its first documentation in 1958, anterior cervical discec-
tomy and fusion (ACDF) has been widely accepted as an effective
and safe surgical option for single- or multilevel cervical disc hernia-
tion, causing cervical spondylotic myelopathy, radiculopathy, or
both.1,2 To date, in neurosurgical practice, ACDF has been one of
the most popular procedures that usually comes with high satisfac-
tion and low complications in the subaxial cervical spine.3 Thus,
ACDF is often regarded as the gold standard anterior surgical
approach for cervical disc diseases.4 In contrast to the frequently
encountered subaxial cervical spinal segments, disc herniation at
C2–3 is far less common and usually related to trauma or associ-
ated with a hangman’s fracture. Surgical options for C2–3 disc her-
niation include ACDF, posterior decompression, and procedure with
or without instrumentation.5 Although infrequently seen, C2–3
ACDF reportedly also demonstrates good clinical outcomes and

has often been suggested for unstable hangman fractures,6–8

despite the potential difficulty of the surgical approach.
The technology of cervical disc arthroplasty (CDA) has gained

increasing popularity worldwide in the past decade. Many spine sur-
geons regard CDA as an alternative to ACDF for subaxial cervical
spinal segments when preservation of the segmental mobility is
optional. Common contraindications for CDA include kyphosis, ossi-
fication of posterior longitudinal ligament (OPLL), ankylosing seg-
ments, osteoporosis, and severe facet arthropathy that requires
posterior decompression or fusion.9–14 The published clinical trials
of the U.S. Food and Drug Administration investigational device
exemption (FDA IDE) in the last decade have clearly supported the
clinical success of CDA in the subaxial (C3–7) cervical spine. In
data up to 8 or 10 years after surgery, CDA is as effective, viable,
and durable as ACDF for one- and two-level cervical disc herniation
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range of motion.
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or spondylosis that has caused radiculopathy or myelopathy.15–25

However, none of the FDA trials or above-mentioned case series
have included patients with a C2–3 disc replacement. All the pub-
lished clinical studies only focused on C3–7, either disc herniation
or spondylosis, radiculopathy, or myelopathy, except for one case
report of CDA at the upper thoracic spine (T1–2).26 Literature has
suggested segmental mobility at the high cervical spine in normal
subjects,27 and the range of motion (ROM) at C2–3 reportedly aver-
aged 6.1°, as compared to that of 9.7° at C5–6, which is consid-
ered the most mobile segment in the cervical spine.27

To date, it is unknown whether CDA at C2–3, such a high cervi-
cal segment, is a viable and effective surgical option. Therefore, we
report on a patient with multilevel cervical disc herniations at C2–3,
C3–4, and C4–5 who underwent anterior cervical discectomy with
CDA for all three discs. To our knowledge, this is the first case
report demonstrating a CDA at C2–3, which also involved three
consecutive levels from C2 to C5.

Illustrative Case
A 52-year-old man presented with neck and right arm pain and

right hand numbness that had persisted for years and was referred
to our neurosurgical clinic for progression of myelopathic symptoms.
He had tried medical treatment and physical therapy for more than
6 months before visits to the clinic. His symptoms, pain, and numb-
ness persisted despite medical management, including physiother-
apy, injections, and rehabilitation. The magnetic resonance images
demonstrated multilevel cervical disc herniations at C2–3, C3–4,
and C4–5, with marked compression of the dural sac and nerve
roots (Fig. 1). The preoperative computed tomography scan ruled
out OPLL over the cervical spine. Also, the lateral flexion and
extension dynamic radiographs demonstrated successfully that the
cervical spine was mobile from C2 to C7.

He then opted to undergo standard anterior cervical discecto-
mies with CDA using Mobi-C (Zimmer-Biomet) artificial discs for
C2–3, C3–4, and C4–5 levels (Figs. 2–4). During the operation,
generous decompression of the neural structure was achieved with
removal of bilateral uncovertebral joints and bone spurs using high-
speed burrs or Kerrison’s rongeurs under the microscope. After

resection of the posterior longitudinal ligament, underlying dural
matter with pulsatile movements was observed for confirmation of
decompression at all three levels. Meticulous endplate preparation,
selection of an appropriately fitted size of implant, and accurate
centering of the device during insertion of the artificial discs were
carried out to ensure the best function of the artificial discs.28 We
used copious saline irrigation persistently to wash away bone dust
during spur drilling in the hopes of mitigating the chance of develop-
ing heterotopic ossification. The surgery, performed by the senior
neurosurgeon and author of this report (J.C.W.), went smoothly
without complications. The course of hospitalization was free of
adverse events, and the neurological symptoms were promptly
relieved after CDA. For this patient, there was no C5 palsy, no dys-
phagia, no hoarseness, and no dysphonia after the operation. The
postoperative radiographs of flexion/extension lateral films at 24
months demonstrated preserved ROM at all levels (preoperatively
6.7°, 8.8°, and 8.8° versus postoperatively 6.0°, 9.5°, and 8.4° at
C2–3, C3–4, and C4–5, respectively; Fig. 5).

Discussion
Observations

In this case report, we demonstrate that in a suitably selected
patient, standard anterior cervical discectomies and arthroplasty can
be successfully achieved at C2–3. Moreover, the three consecutive

FIG. 1. Preoperative magnetic resonance images. A: Midsagittal view. B: C2–3 axial view. C: C3–4 axial view. D: C4–5 axial
view.

FIG. 2. Intraoperative fluoroscopy. A: Insertion of Caspar pins. B: After
placement of all three artificial discs.
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levels of discectomy and artificial disc implantation from C2 to C5
yielded successful results in this patient. Postoperatively, the ROM
at each level was well preserved at up to 24 months’ follow-up.
Although CDA at C2–3 has not been accepted as a standard treat-
ment for cervical degeneration and disc herniation, it appeared to
be a viable and safe option. Certainly, CDA is contraindicated for
OPLL and traumatic cases such as hangman’s fracture or fracture
dislocation. For relatively young patients who have competent fac-
ets and fairly normal cervical lordosis but only disc herniations
involving C2–3, the choice of preservation of segmental mobility
using CDA is reasonable and deserves attention in the field of spi-
nal surgery.

There are many surgical approaches to disc herniations at
C2–3. Although various surgical approaches at C2–3 have been
described, there is no consensus on the optimal choice. This is
probably due to the low incidence of cervical disc herniation at
C2–3, as low as 1% in some published series, and the anatomical
difficulties that could preclude the common ACDF surgery. No large
study was conducted and there is no consensus about the optimal
management of cervical disc herniation at such a high level as
C2–3.29 Retrospective studies and reviews have been supportive of
the anterior approach for C2–3,8,29–31 and C2–3 ACDF has been a
widely accepted procedure after discectomy. As an alternative, this
case report illustrated that CDA can also be performed effectively
and safely for C2–3 disc herniation, besides fusion.

This patient was a 52-year-old person who sustained a three-
level disc herniation and myeloradiculopathy from C2 to C5. There
was no absolute contraindication for CDA, such as OPLL, spinal
trauma, fracture, segmental instability, kyphotic deformity, infection,
or long-term steroid use. There was no systemic disease such as
malignancy, metabolic bone disease, autoimmune disease, spondy-
loathropathy (rheumatoid arthritis or ankylosing spondylitis), or cere-
brovascular disease in this patient either.

Wu et al. suggested that less heterotopic ossification would be
observed if soft disc herniation was the major cause in comparison
to spondylosis.32 Preoperative images disclosed that there was little
spondylosis in our case but more soft disc herniation at each level,
which further proposed a favorable outcome after CDA. Preopera-
tively, lateral flexion/extension radiographs suggested that all seg-
ments remained mobile from C2 to C7, especially when the ROM
was 6.7° at C2–3. The posterior approach is a safe choice for high
cervical lesions, but postoperative neck pain can be a concern.33 A
hybrid construct involving C2–3 ACDF and C3–4 and C4–5 CDA
may be a possible option if the anterior approach is consid-
ered.34–38 Our patient’s will to maintain his neck mobility at all seg-
ments prompted us to aim for motion-preservation surgery at C2–3,
and the results turned out to be satisfactory in the immediate post-
operative period and at later follow-up.

Several anterior techniques are described for high cervical
lesion, including the transoral approach,39 the anterolateral extra-
dural approach,30,40 the submandibular approach,41 and the stan-
dard Cloward’s anterior cervical approach.42 The transoral approach
with or without mandible and tongue splitting allows comprehensive
exposure at the craniocervical junction from the lower clivus to
odontoid process. This approach also carries great morbidities and
difficulty in postoperative oral feeding, so it should probably be pre-
served for ventral compressive lesions at the cervicomedullary junc-
tion.43 The anterolateral extradural approach allows clear exposure
of the unilateral side of the upper cervical spine, but the risk
involves vertebral artery dissection and injury to the spinal acces-
sory nerve. It is technically demanding and requires experience for
the lateral approach to the craniocervical junction.30 The subman-
dibular approach avoids injury to the superior laryngeal nerve and
hypoglossal nerve by dissecting a small corridor between the two
nerves. It may be a nice choice for pure C2–3 lesions but is subop-
timal for consecutive levels involving C2–3 and below.41 Cloward’s
technique is familiar to neurosurgeons and is probably the most
reasonable approach in this case. Because this patient required
three-level anterior discectomies from C2 to C5, the standard Clo-
ward’s technique provided excellent exposure to levels below the
C3 vertebral body. Careful dissection starting from lower levels and
gradually approaching C2–3 can prevent direct injury to the superior
laryngeal nerve and hypoglossal nerve. Our patient’s voice was not
affected after this surgical procedure. Another major challenge can
be obtaining a perpendicular angle to the C2–3 disc, which is a crit-
ical point for artificial disc placement. An oblique and superior pro-
jecting window will definitely jeopardize the placement and position
of an artificial disc. In our experience, inserting a Caspar pin per-
pendicular to the C2 lower endplate offers great help in obtaining
an optimal angle for artificial disc placement (Figs. 2 and 4).

The effectiveness and safety of two-level CDA have been exam-
ined in two FDA IDE trials investigating Prestige LP (Medtronic)
and Mobi-C artificial discs.21,25 A hybrid construct combining two-
level CDA and one-level ACDF was reported to successfully treat

FIG. 3. Intraoperative photograph after C2–3 anterior discectomy.

FIG. 4. Intraoperative photograph after placement of all three artificial
discs.
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three-level spondylotic cervical myelopathy and disc herniation.44

Although there is no randomized control trial for three-level CDA
versus ACDF yet, one retrospective study has demonstrated satis-
factory clinical outcomes after three-level CDA compared to three-
level ACDF.13 Radiographic outcomes also have shown that seg-
mental ROM after three-level CDA can be well maintained at
approximately 2 years’ follow-up. In our case, the segmental ROM
remained mobile at each level at 24 months (postoperatively 6.0°,
9.5°, and 8.4° at C2–3, C3–4, and C4–5, respectively; Fig. 5).

Lessons
In summary, this report illustrates the case involving a patient

who successfully received a consecutive three-level CDA involving
the high cervical level of C2–3. There were no surgical complica-
tions, and his neurological symptoms were promptly relieved. Seg-
mental ROM was well preserved at all operated levels.
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