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ABSTRACT
Background: Describe the technique and outcomes of the conversion of prior anterior cervical discectomy and
fusion (ACDF) with pseudarthrosis to an artificial disc replacement (ADR).
Methods: Case report. Five patients completed the following pain and function questionnaires at baseline and
postoperatively: visual analog pain scale (VAS), Neck Disability Index (NDI), PROMIS Emotional Distress-Depression
Short Form-4a (P-EDD), PROMIS Pain Interference Short Form 6b (P-PI), and PROMIS Physical Function Short
Form-10a (P-SF). Pseudarthrosis was diagnosed using computed tomography imaging of the cervical spine. The level of
prior fusion with pseudarthrosis was remobilized after a standard anterior approach was made, and an artificial disc
replacement was performed after revision discectomy.
Results: The conversion of fusion to ADR was successful in all 5 patients without intraoperative or postoperative
complication or the need to perform revision fusion. The average follow-up duration was 12.4 months (range 6–
24months). VAS improved on average (median) from 6 (6.0) to 2 (2.2), NDI improved from 23 (21) to 15 (17), P-EDD
4a improved from 11 (11) to 4 (4), and P-PI and P-SF improved from 23 (22) to 16 (19) and from 37 (35) to 41 (39.5),
respectively. Radiographic range of motion increased at the fusion conversion level from an average of 18 6 1.28 to 8.18
6 4.68 after the insertion of the artificial disc replacement.
Conclusions: The reversal of ACDF and conversion to an artificial disc replacement is feasible and achieves
postoperative range of motion that is similar to that achieved when performed in a segment not previously fused.
Cervical Spine
Keywords: cervical disc replacement, cervical disc arthroplasty, total disc arthroplasty, conversion of fusion to disc
replacement, motion preservation, motion restoration, spine

BACKGROUND
Preservation of motion of the cervical spine is
becoming more appreciated, with several large
major randomized controlled trials demonstrating
superiority of artiﬁcial disc replacement (ADR)
when compared with anterior cervical discectomy
and fusion (ACDF) at 5–10 years with a variety of
implant designs.1–10
High rates of adjacent-segment degeneration
(ASD) were originally published by Hilibrand and
Robbins11 in 2004, reporting clinically signiﬁcant
ASD of 2.9% per year after ACDF. There is now an
extensive and growing body of clinical research
evidence demonstrating lower rates of ASD requiring surgery following ADR compared with ACDF.
Lanman et al6 reported adjacent segment surgeries in 12.5% of patients after 2-level ACDF

compared with only 6.5% after ADR with Prestige-LP at 7 years. Gornet et al12 have recently
published the 10-year trial data, reporting an
adjacent-segment surgery rate of 17.9% for the
ACDF group compared with only 9% for the ADR
group. Burkus et al2 reported adjacent-segment
surgery in11.9% of patients after ACDF compared
with 4.6% of patients 7 years after ADR using
Prestige. Janssen et al4 reported secondary surgery
in 18% of ACDF patients compared with 7% of
ADR patients 7 years after ProDisc-C implantation.
Similar results were also observed for the long-term
follow-up after ADR using the PCM,7 Secure-C,10
and Mobi-C9 prostheses. A recent meta-analysis of
11 randomized controlled trials evaluating over
2600 patients concluded that adjacent-segment
degeneration was statistically signiﬁcantly lower
after ADR compared with ACDF.13
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Table 1. Patient parameters.

Patient Age
and Sex
38, male
26, male
37, male
62, male
38, male

Preoperative Diagnosis

Time Since
Fusion Surgery

C5–C6 pseudarthrosis, C4–C5 DDD,
radiculopathy
C5–C6 pseudarthrosis
C6–C7 pseudarthrosis, C5–C6 DDD
C5–C6 and C6–C7 pseudarthrosis,
C3–C4 and C4–C5 DDD
C6–C7 pseudarthrosis, C4–C5
and C5–C6 DDD

Procedure

Most Recent
Follow-Up
Postoperative

20 mo

C4–C5 ADR, C5–C6 ADR

24 mo

10 mo
15 mo
37 mo

C5–C6 ADR
C5–C6 ADR, C6–C7 ADR
C3–C4 ACDF, C4–C5 ADR,
C5–C6 ADR, C6–C7 ADR
C4–C5 ADR, C5–C6 ADR,
C6–C7 ADR

14 mo
9 mo
9 mo

7y

6 mo

Abbreviations: ACDF, anterior cervical discectomy and fusion; ADR, artificial disc replacement; DDD, degenerative disc disease.

The authors of this study are currently not aware
of any previously published reports of technique or
follow-up of patients who underwent conversion of
prior ACDF with or without pseudoarthrosis to an
ADR.

METHODS
Five patients, aged 26–62, were treated surgically
by the removal of anterior cervical plate and screws
(if present) and conversion of the fusion to an ADR,
using either the ProDisc-C (Synthes, West Chester,
PA) or Prestige-LP (Medtronic, Memphis, TN). All
of these patients had a suspected pseudoarthrosis at
the level of fusion reversal. All cases of pseudarthrosis were diagnosed using computed tomography
(CT) imaging of the cervical spine. See Table 1 for
patient and surgical information.
Clinical and Radiographic Assessment
A complete history and physical exam were
completed for all patients. Visual analog pain scale
(VAS), Neck Disability Index (NDI), PROMIS
Emotional Distress-Depression Short Form 4a,
PROMIS Pain Interference Short Form 6b, and
PROMIS Physical Function Short Form 10a were
completed by patients preoperatively and at the most
recent postoperative visit. The PROMIS clinical
outcome surveys were recently created by the National
Institutes of Health as an outcome measure that may
be more clinically valid than the traditional NDI and
SF-36 questionnaires commonly used and have been
validated for cervical spine surgery patients.14,15
Preoperative radiographic analysis was performed on all patients, including magnetic resonance imaging (MRI), CT scan, and dynamic
radiographs for diagnostic purposes. Postoperative
dynamic radiographs were performed, and index
level motion was measured before and after surgery
on the lateral view.

Surgical Technique
In all cases, an approach to the anterior cervical
spine was made using the interval between the
sternocleidomastoid and carotid sheath laterally
and the tracheo-esophageal structures medially in
the standard Smith-Robinson technique. The prior
fusion site was identiﬁed, and the previously
applied anterior cervical plate and screws were
removed if present. A high-speed bur was used
under lateral ﬂuoroscopy to excise the prior PEEK
cage and/or bone, with caution to avoid removing
any vertebral body of either level. In some cases a
¼-inch ﬂat osteotome was used to develop the
plane between the endplate and the PEEK cage.
The uncinate processes were partially excised using
the high-speed bur, and the bur path was taken in a
lateral to medial direction along the native
endplates through the bone graft/fusion mass.
Lateral ﬂuoroscopy was used to monitor the
progress and assist in avoidance of endplate
violation. Fluoroscopy can usually delineate the
cortical rim of the endplate, but it can still be
difﬁcult to know with certainty whether the
endplates were not violated intraoperatively. One
sign of endplate violation is persistent bleeding
from the endplate, which is usually from exposed
cancellous bone. If the prior fusion used a PEEK
cage that was shown to have some subsidence on
preoperative CT scan, then it must be assumed that
there had been some endplate violation at this
location. Therefore, it is critical to select the
implant with the maximum size footprint in order
to span the defect and rest on the intact cortical
bone of nonviolated endplate more lateral than
where the prior graft was seated.
Revision foraminotomy was performed if determined to be necessary based on preoperative MRI
and CT scan. Our preference is to excise a
signiﬁcant portion of the foraminal aspect of the
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Figure 1. Case example of a 38-year-old male with a pseudoarthrosis at C5–C6 and disc degeneration at C4–C5. Preoperative anterior-posterior (AP), lateral,
flexion, and extension radiographs (a, b). Preoperative computed tomography (CT) cuts through the median sagittal, right paramedian, and left paramedian axes (c)
demonstrate pseudoarthrosis. Cuts through the right and left facet joints (d), demonstrating no arthropathy. Preoperative magnetic resonance imaging demonstrates
disc degeneration at C4–C5 with left foraminal stenosis (e). Intraoperative fluoroscopic images demonstrate the use of the intradiscal Cloward spreader to open up the
disc space after the prior bone graft had been excised using the high-speed drill, followed by trialing (f). Trialing and final artificial disc replacement (ADR) insertion was
performed after the disc space was mobilized (g). Postoperative AP, lateral, flexion, extension, and side bending radiographs demonstrate restoration of motion at the
C5–C6 level and maintained motion at C4–C5 after ADR (h–j).

uncovertebral joint in order to widely decompress
the foramen, as we believe that this is critical when
restoring motion in a previously fused or spondylotic motion segment. After revision decompression
was complete and the endplates were parallel,
trialing was performed for the artiﬁcial disc. The
patient was always consented for possible revision
fusion in the case that the largest ADR implant was
too small for the newly created space. The
appropriate size was chosen, the keels were then
cut, the disc space was irrigated, and the ﬁnal
implant was impacted into place using biplanar
ﬂuoroscopy to determine optimal midline placement
and depth. Bone wax was applied to the anterior
vertebral bodies, and the wound was then irrigated
and closed in layers using 5-0 vicryl. See Figure 1 for
a case example.

perform revision fusion. Average patient age was 40
(range 26–62). The average follow-up duration was
12.4 months (range 6–24 months) (see Table 1).
VAS improved on average (median) from 6 (6.0)
to 2 (2.2) at the most recent follow-up. NDI
improved on average from 23 (21) to 15 (17). The
PROMIS Emotional Distress-Depression Short
Form 4a improved from 11 (11) to 4 (4). The
PROMIS Pain Interference Short Form 6b and
PROMIS Physical Function Short Form 10a
improved from 23 (22) to 16 (19) and from 37 (35)
to 41 (39.5), respectively (Table 2).
Radiographic range of motion on the lateral view
increased at the fusion conversion level from an
Table 2. Clinical questionnaires.

Questionnaire

RESULTS
The conversion of fusion pseudarthrosis to ADR
was successful in all 5 patients without intraoperative or postoperative complication or the need to

Neck Disability Index (NDI)
Visual analog pain scale (VAS)
PROMIS Emotional Distress
PROMIS Pain Interference
PROMIS Physical Function

Preoperative:
Mean (Median)
23
6
11
23
37

(21)
(6)
(11)
(22)
(35)

Postoperative:
Mean (Median)
15
2
4
16
41
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Table 3. Radiographic angular measurements of motion at the level of
conversion from fusion to artificial disc replacement.

Patient Age
and Sex
38, male
26, male
37, male
62, male
38, male
Average 6 SD

Level

Preoperative

Postoperative

C5–C6
C5–C6
C6–C7
C5–C6, C6–C7
C6–C7

3
1
0
1
0
1.0 6 1.2

16
7.3
7
5
5
8.1 6 4.6

average of 1.08 6 1.28 to 8.18 6 4.68 after the
insertion of the ADR (Table 3).

CONCLUSIONS
There are several major concerns when considering a surgical procedure to restore motion at a
cervical spine segment at which a fusion or
attempted fusion had been previously performed.
The indications are controversial. For the current
case series, it was performed primarily for pseudoarthrosis with or without adjacent-segment disease
where surgical intervention was indicated.
The ﬁrst obvious concern would be that the facet
joint capsules would be contracted and impossible
to mobilize after a signiﬁcant period of immobilization. Some of the patients presented in this series
had prior fusion at the level of motion restoration
many years ago, and mobilization was still possible.
In fact, at surgery, it was found that the facets
allowed signiﬁcant mobility in spite of a long-term
fusion indicating that the facet capsules remained
functional. It is critical to carefully evaluate the
facet joints using thin-cut CT scan to ensure that
facet joint ankylosis or severe arthropathy was not
present (see Fig. 1c and d for examples). Intraoperatively, a disc space distractor can be used to open
and close the disc space repeatedly in order to
distract the facet joints and ensure good mobility.
Postoperatively, the patients in this series experienced an increase in index level range of motion
from an average of 18 to 8.18 (Table 3). This ﬁnal
outcome range of motion is a similar range of
motion observed in other studies of postoperative
range of motion after ADR was performed as the
primary surgery.4,6
A second major concern prior to attempting a
restoration of motion surgery is whether the new
disc space size would be too large for the largest size
of ADR, which is 7 mm for the ProDisc and
Prestige-LP. In the cases of prior ACDF using
PEEK cages, the surgeon must ﬁnd the interface

between the endplate and PEEK, which in pseudarthrosis becomes clear intraoperatively. Lateral
ﬂuoroscopy during PEEK extraction is also critical
to ensure that the interface is followed without
endplate violation and appropriate depth is not
exceeded. In the cases presented here, the largest size
of implant was often used, and in no cases was this
felt to be too loose for implantation.
A third major concern is endplate integrity and
bone loss. Preoperative CT scan must be carefully
evaluated to ensure that the endplates were not
signiﬁcantly damaged by the prior operation.
Additionally, CT scan can reveal not only the
pseudarthrosis but also the presence of signiﬁcant
endplate resorption and graft or cage subsidence
into the vertebral body. It can be technically
challenging to extract interbody cages without
creating any endplate damage if signiﬁcant subsidence occurred. Small osteotomes can be utilized to
develop the endplate-graft interface. Caspar pin
distraction or intradiscal Cloward distraction can be
used to open up the space and assist in graft or cage
extraction in the case of pseudarthrosis. Bone grafts
used for ACDF are usually not wide enough to ﬁll
the entire disc space laterally, so wide exposure and
additional discectomy can be used to ﬁnd the native
endplate on either side of the bone graft. The highspeed bur is then used to drill the graft in a lateral to
medial direction along the native endplate, resecting
bone graft and interbody fusion without violating
the endplate and vertebral body. This should be
monitored carefully under lateral ﬂuoroscopy. In
addition, the vertebral artery must be protected
during wide lateral dissection.
All patients in this case report series experienced a
signiﬁcant improvement in their pain and function as
determined by NDI, VAS, and PROMIS questionnaires (Table 2). While one must take caution in
reporting follow-up data of only 1-year duration, the
durability of neurologic and pain relief success has
been extensively demonstrated by many randomized
controlled trials evaluating ADR. Radiographically,
we have not found any subsidence of the converted
levels with the artiﬁcial disc implants. It must be
noted that the largest footprint available of the
implant was used in the restorative motion levels.
The current set of patients should not be any
different once the disc replacement has been successfully implanted. If signiﬁcant postoperative implant
subsidence were to occur, it would most likely occur
within the ﬁrst 3 months postoperatively.
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