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Introduction: Cervical disc replacement (CDR) has become prevalent in the treatment of cervical pathology. CDR
is an appealing option for several reasons, including improvement of symptoms, preservation of range of motion,
and the absence of risk for nonunion — a complication of an anterior cervical decompression and fusion (ACDF)
surgery. In this case series, we explore the use of CDR to treat cervical nonunion.

Methods: Four patients, ages 50 to 64, presented to one surgeon with symptomatic cervical nonunion. Three of
the four patients possessed risk factors for further nonunion and were therefore considered especially well-suited
to a CDR rather than a revision ACDF. X-ray, MRI, and CT were used to confirm the presence of nonunion and to
determine the architectural feasibility of replacing the level with a cervical disc arthroplasty. Six total nonunion
levels were present in four patients (two levels in two patients and one level in two patients). Each of the
nonunion levels was successfully treated with a revision decompression and CDR.

Results: Postoperatively, all four patients experienced improvement of nonunion symptoms. Neck Disability Index
improved on average by 75% (preoperative score 51% to postoperative score 13%). Flexion-extension X-rays
were available in three patients, which showed an increase in an average range of motion from 2 degrees to 7
degrees at the revised levels.

Conclusion: The series describing four successful cases expands the current literature and provides support for
future investigation into CDR as a treatment for cervical nonunion. We propose CDR as a viable option to treat
symptomatic cervical nonunion and restore range of motion in patients without significant arthrosis and with
preserved endplate architecture.

1. Introduction

Cervical disc replacement (CDR) is growing in popularity for the
treatment of cervical spine pathology [1,2]. Multiple studies over the
last 10 years demonstrate that CDR is comparable or superior to anterior
cervical discectomy and fusion (ACDF), especially in terms of symptom
relief, preserved range of motion, and a lower rate of revision surgery
[1,3,4]. Additionally, CDR can eliminate the 10% risk of nonunion, a
potential complication of ACDF [3]. Repeat fusion as a treatment for
cervical nonunion carries the same risks and downsides of ACDF [3].
Accordingly, CDR is proposed as an alternative treatment of cervical
nonunion. Herein, we present 4 patients diagnosed with pseudarthrosis
following ACDF procedures who received CDR as treatment of the
nonunion and clinical follow-up visits. All patients consented to the use
of their data and treatment courses for publication. This series has been
reported in line with the PROCESS 2020 guideline [5].
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2. Methods

Four patients presented to a single surgeon in an outpatient private
practice setting 4 to 18 years following their initial fusion to address
ongoing symptoms. Nonunion was diagnosed by >3 degrees of motion,
lack of connecting bone growth, and lack of synostosis demonstrated on
flexion-extension X-rays (3 patients), MRI (4 patients), and CT scan (4
patients), respectively. The CT scans also helped confirm the sufficiency
of endplate integrity for the disc arthroplasty and the absence of
advanced facet arthrosis.

Six nonunions were present in the four patients. All were between C5
and T1. One patient also had a symptomatic adjacent level requiring
surgical intervention. For each patient, appropriate non-operative
measures were considered, including physical therapy, epidural ste-
roid injection, and lifestyle modification. However, due to worsening
symptoms and quality of life, the four patients received surgical
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interventions. A CDR was used to treat each nonunion and the symp-
tomatic adjacent level.

In all cases, a standard left-sided Smith-Robinson approach was used,
and pseudarthrosis was surgically confirmed at each suspected level.
After removal of nonunion fibrocartilage, unincorporated allograft, and
PEEK interbody cages, a thorough revision decompression of the spinal
canal and foramen was performed in all patients. The intervertebral
space was reconstructed with Prestige-LP (Medtronic, Memphis, TN)
CDR implant sized to maximize endplate coverage. There were no
intraoperative or postoperative complications. The surgical procedure
time averaged 130 min (107 to 148 min). Follow-up ranged from 8 to 19
months, 13.5 months on average. Neck Disability Index (NDI) [7] scores
were obtained during the preoperative and follow-up visits. Research
registry number was obtained for this series [UIN:
researchregistry7685].

3. Results

The nonunion treatment with CDR was successful in all 4 patients
with no intraoperative or postoperative complications. All four patients
experienced improvement of their preoperative axial and radicular
symptoms, and no patients required further revision surgeries. Neck
Disability Index (NDI) [7] scores obtained during the preoperative and
follow-up visits improved on average by 75% (range: 45% to 100%). The
preoperative NDI score average was 51% and the postoperative NDI
score average was 13%. Postoperative X-rays for the four patients
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demonstrated well-positioned and functional implants. Preoperative
and postoperative flexion-extension X-rays were available in three pa-
tients. They demonstrated an average increase in motion at the
nonunion level from 2 deg to 7 deg. Fig. 1 shows X-rays for one of the
patients studied in this case series.

4. Discussion

Pseudarthrosis rates vary vastly in the literature; 7 to 60% of patients
who undergo an ACDF develop a nonunion [3,6,8]. Common nonunion
side effects include recurrent neck pain, return of radiculopathy, and the
need for additional surgery [1,3,4,6]. Revision surgical approaches are
revision fusion through ACDF, posterior fusion, or a combined approach
[3].

Four reports exist in the literature documenting the reversal of fu-
sions with CDRs [9-12]. Revision surgeries to reverse the fusions were
due to inadequate decompression, recurrence of osteophytes, and/or a
suspected pseudarthrosis [9-12]. Of these case studies, one case series
documents the outcomes of CDR in the treatment of pseudarthrosis in
five patients with a previous ACDF [9]. In the series, there were no
complications, and symptom improvement was experienced in all pa-
tients. In all four reports, restoration of motion has been achieved, and in
two of these cases, post-operative symptom improvement was noted. To
the author's knowledge, there are no other reports in literature doc-
umenting the use and outcomes of CDR in the treatment of cervical
pseudarthrosis.

Fig. 1. Flexion and extension X-rays of a patient who underwent a pseudarthrosis revision CDR surgery at the C6-C7 level. The flexion and extension X-ray films prior
to the operation showed a range of motion at the revised level of 2 degrees (A). 9-month follow-up X-rays demonstrated a range of motion of 9 degrees (B), indicating
a 7 degree increase in range of motion. A CDR was also performed at the C7-T1 level due to symptomatic foraminal stenosis at that level.



S.T. Kujala et al.

There are many potential benefits to ACDF nonunion conversion to
CDR including augmented neck range of motion, avoidance of post-
operative non-union risk, reduced stress on adjacent levels, and an
accelerated return to function post-operatively. In the current series, 4
patients underwent revision surgery to convert a previous ACDF to a
CDR to alleviate symptoms associated with their cervical nonunion. All
four patients experienced relief from their symptoms related to their
nonunion. There was a 75% decrease on average in the NDI scores,
demonstrating the increase in patients' functionality after the procedure.
All patients reported having a better range of motion in their neck after
this motion restoring procedure — range of motion in four levels (3 pa-
tients) for which we obtained flexion and extension X-rays showed a 5
(range 3 to 7) degree increase. In particular, one patient regained motion
after 18 years of fusion; the longest reported fusion time before being
converted to a CDR in past studies was 9 years.

This series adds to the current literature by expanding the number of
successful cases, demonstrated by the significantly improved NDI scores
and increased range of motion. Additionally, the treatment of nonunion
with a CDR in our case series, in addition to past reported case studies,
demonstrates increased validity of the treatment across multiple centers.

The treatment of nonunion by a CDR can especially be advantageous
with patients presenting with ongoing nonunion risk factors of a
repeated ACDF or patients who are non-compliant. Nonunion risk fac-
tors for ACDF include smoking status and diabetes mellitus [13,14]. Two
of the four patients studied in this case series are current everyday
smokers, and one patient is diabetic. For these patients, a CDR was
additionally preferable to a revision ACDF due to the increased risk of
another nonunion.

The conversion of a cervical nonunion to a CDR may not be for
everyone, and multiple factors should be accounted for before pro-
ceeding. The integrity of the bone endplates at the nonunion level must
be assessed and is key in deciding whether to proceed with a CDR. The
facet joints must be nonfused and without significant arthrosis [9]. It
must also be considered whether the anterior plate and interbody spacer
can be removed safely without compromising the endplate of the
vertebrae [9]. Finally, patients with osteopenia/osteoporosis may not be
good candidates due to the added potential for implant subsidence. In
cases where these parameters are met and there is a possibility to restore
motion to these levels, CDR is a viable option to treat cervical
nonunions.

5. Conclusion

The short-term result of the current series supports the potential role
of CDR as a viable treatment option for cervical nonunion. The pre-
liminary results of the current series and the other published reports
warrant further study with more patients and a longer follow-up period
or a randomized prospective trial.

Consent

Each patient consented to the use of their data and treatment course
for publication.

Written informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this
journal on request.
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