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Revision Surgery for a Failed Artificial Disc
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Purpose: This study aimed to present our experience with failures in C-TDR and revision surgery outcomes.

Materials and Methods: We retrospectively examined patients who underwent revision surgery due to the failure of C-TDR be-
tween May 2005 to March 2019. Thirteen patients (8 males and 5 females) were included in this study. The mean age was 46.1 years
(range: 22-61 years), and the average follow-up period was 19.5 months (range: 12-64 months). The outcome measures of pre- and
post-operative neck and arm pain using a visual analogue scale (VAS) and functional impairment were assessed using a modified
Japanese Orthopedic Association (JOA) scale and the Neck Disability Index (NDI).

Results: The main complaints of patients were posterior neck pain (77%), radiculopathy (62%), and/or myelopathy (62%). The
causes of failure of C-TDR were improper indications for the procedure, osteolysis and mobile implant use, inappropriate tech-
niques, and postoperative infection. The most common surgical level was C5-6, followed by C4-5. After revision surgery, the neck
and arm pain VAS (preoperative vs. postoperative: 5.46 vs. 1.31; 4.86 vs. 1.08), a modified JOA scale (14.46 vs. 16.69), and the NDI
(29.77 vs. 9.31) scores were much improved.

Conclusion: C-TDR is good surgical option. However, it is very important to adhere to strict surgical indications and contraindi-
cations to avoid failure of C-TDR. The results of reoperations were good regardless of the approach. Therefore, various reoperation

options could be considered in patients with failed C-TDR.
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is an effective
intervention for treating degenerative cervical spine disease.!
However, some problems may arise following ACDE The pro-
cedure limits segmental motion at the fusion level and conse-
quently results in subjective patient discomfort, increased bio-
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mechanical stresses, and accelerated degeneration of adjacent
spinal motion segments.** Total disc replacement of the cer-
vical spine (C-TDR) has been developed to maintain an opti-
mum range of motion in the operated segment to avoid the de-
velopment of adjacent segment degeneration (ASD); equivalent
outcomes may be achieved with C-TDR in terms of reduction in
pain, improved neurological deficit, and earlier return-to-work
times compared to the outcomes of ACDE*” In addition, C-TDR
prevents pseudoarthrosis or graft-related complications and ad-
verse side effects caused by cervical fusion.>® The indications
for and contraindications to C-TDR are shown in Table 1.7
However, C-TDR may also lead to complications; several pa-
tients have required reoperation due to the persistence or re-
currence of symptoms and complications.” Some studies have
reported that C-TDR had a higher reoperation rate compared
to ACDE which is unfortunate since reoperation is technically
demanding regardless of the type and design used in the origi-
nal C-TDR procedure.”** The reasons for reoperation include
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Table 1. Indications for and Contraindications to Cervical Total Disc Replacement

Indications

Symptomatic cervical disc disease at one or two vertebral levels between C3 and T1 confirmed by imaging (MRI, CT, or myelogram) showing herniated

nucleus pulposus, spondylosis, or loss of disc height of at least 4 mm
Failed =6 weeks of conservative management
Between 20 and 70 years of age
No contraindication
Contraindications
>3 vertebral levels requiring treatment
Cervical fusion adjacent to the level to be treated

Cervical instability (translation >3 mm and/or >11 rotational difference to that or either adjacent level)

Facet joint degeneration

Severe spondylosis (bridging osteophytes, disc height loss >50%, and absence of motion <2°)
Known allergy to implant materials (titanium, polyethylene, cobalt, chromium, molybdenum)

Posttraumatic vertebral body deficiency/deformity
Prior surgery at the treated level

Neck or arm pain of unknown etiology

Axial neck pain as the solitary presenting symptom
Osteoporosis/osteopenia

Active malignancy

Any patient with history of invasive malignancy unless treated and asymptomatic for at least 5 years

Systemic disease (AIDS, HIV, hepatitis B or C, and insulin-dependent diabetes)

Metabolic bone disease (i.e., osteomalacia, osteogenesis imperfect, Paget’s disease)

Active local/systemic infection

Presently on medications that can interfere with bone/soft tissue healing (i.e., steroids)

Autoimmune spondyloarthropathies (i.e., rheumatoid arthritis)
Pregnant or trying to become pregnant in the next 3 years

AIDS, autoimmune deficiency syndrome; CT, computed tomography; HIV, human immunodeficiency virus; MRI, magnetic resonance imaging.

implant failure (typically due to a broken polyurethane sheath),
inappropriate intraoperative techniques, subsidence with os-
teolysis, postoperative infection, wear debris and tissue reac-
tion, and improper indications.'>'>*

Therefore, it is important to consider the indications for reop-
eration and how to improve the patients’ radiologic and clinical
outcomes. In this study, we investigated C-TDR failures and
reoperations at our institute.

MATERIALS AND METHODS

Study design

We retrospectively reviewed the records of 111 patients at our
hospital who underwent C-TDR or a hybrid procedure (C-
TDR with ACDF) as well as those of patients who experienced
postoperative complications after undergoing C-TDR at other
medical centers from May 2005 to April 2019. We selected pa-
tients who underwent reoperation due to the failure of C-TDR.
A total of 13 patients (8 males and 5 females) were analyzed.
Among them, three had undergone initial C-TDR surgery at
our hospital, indicating a 2.7% (3/111) prevalence. The other 10
patients in our sample were referred from outside clinics after
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they experienced postoperative complications. The mean age
was 46.1 years (range: 22-61 years), and the average follow-up
period was 19.5 months (range: 12-64 months). All 13 patients
underwent radiography, computed tomography (CT) scans,
and magnetic resonance imaging (MRI) of the cervical spine.

In terms of the location of surgery, nine patients underwent
single-level C-TDR (1 at C4-5 and 8 at C5-6), two patients un-
derwent hybrid surgery (C-TDR at C4-5 and ACDF at C6-7 in
one patient and C-TDR at C4-5 and ACDF at C5-6 in the other),
and two patients underwent a two-level C-TDR (one at C3-4
and C6-7 and the other at C5-7). Thirteen patients underwent
surgery, and 15 total levels were included.

Failure of primary C-TDR was defined as persistence or re-
currence of radiculopathy and/or myelopathy due to linger-
ing or new pathology at the same level as the operation. Radio-
graphically, problems with implants, such as broken polyure-
thane sheath or any movement of the devices from their initial
location, were noted.

During clinical assessment, the patients reported pre- and
postoperative 3, 6, 12-month neck and arm pain using a visual
analogue scale (VAS) scored from 0-10 and functional impair-
ment, which was assessed using a modified Japanese Ortho-
pedic Association (JOA) scale and the Neck Disability Index
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(NDI).

The patients were analyzed to identify the type of implants,
previous surgery levels, length of time from initial procedure
to reoperation, surgical methods used during reoperation,
neck and arm VAS, and modified JOA scale and NDI scores.
The clinical data of patients including age, sex, medical history,
radiographs, surgical methods, type of implants, and clinical
outcomes were analyzed. We obtained the approval for this
study from our Institutional Review Board (number: 3-2019-
0431).

RESULTS

Patient characteristics

The main complaints of patients were posterior neck pain, ra-
diculopathy, and/or myelopathy. Ten patients (77%) had pos-
terior neck pain, 8 patients (62%) complained of radiculopa-
thy, and other 8 patients (62%) reported myelopathy with
motor weakness. All patients were followed-up for at least 12
months postoperatively (Table 2).

The causes for failure of the initial C-TDR were as follows:
6 patients (46%) had improper indications for surgery, includ-
ing severe spondylosis or cervical instability; four patients
demonstrated osteolysis and implant subsidence; two patients
experienced postoperative infection; and one patient’s failure
resulted from inappropriate technique selection and unstable
implants. Among the devices, six were manufactured by Pres-
tige LP (Medtronic Sofamor Danek, Memphis, TN, USA), five
were obtained from Mobi-C (LDR Spine, Austin, TX, USA), three
were purchased from ProDisc-C (Synthes, West Chester, PA,
USA), and one came from Bryan (Medtronic Sofamor Danek).

Of the seven patients with subsidence (54%), two had involve-
ment at C4-5, and five had signs at C5-6. In these seven pa-
tients, three of the implanted devices were from Mobi-C, two
were from Prestige LP, one was from Bryan, and one was from
ProDisc-C. Four patients were affected by anterior migration
of the superior portion of the implant, while two others expe-
rienced posterior migration of the superior portion and anteri-
or migration of the inferior portion. The remaining one patient
had anterior migration of both superior and inferior portions
until the implant was no longer visible (Fig. 1).

Regarding the involved surgical levels, nine patients had im-
plants at C5-6, three had implants at C4-5, two had implants
at C6-7, and one had implants at C3-4. Two of these patients
underwent hybrid surgery during primary operation (C-TDR
at C4-5 and ACDF at C6-7 in one patient and C-TDR at C4-5
along with ACDF at C5-6 in the other patient). Two other pa-
tients underwent multilevel C-TDR procedures (C-TDR at C5-7
in one patient and C-TDR at both C3-4 and C6-7 in the other).
The mean time from initial surgery until reoperation was 52.8
months (range: 0-126 months). The patients were divided into
early and late reoperation groups based on a cutoff of 6 months
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Table 2. Demographics and Preoperative Data of Patients

Surgical Follow-up Previous

Case Age Sex CC Device level T
MP . :
1 60 M PNP Prodisc C4-5 12 Hybrid
2 27 M PNP Prestige (C4-5 12 TDR
ShpP
3 35 F AP Prestige.  C4-5 25 Hybrid
PNP g y
MP
ShP Prestige  C5-6 N
b0 j AP Prestige. ~ C6—7 12 12}
5 5 M 2EP Mobi-C  C5-6 21 TDR
MP  Prestige ~ C3-4 N
0 Gl PNP  Prestige ~ C6—7 64 L2
7 2 M MP Mobi-C ~ C5-6 12 TDR
PNP
PNP
8 52 M VP Bryan C5-6 22 TDR
9 4 F ;EP Mobi-C ~ C5-6 26 TDR
0 40 M AP Prodisc  C5-6 12 TDR
MP
71 5 M PNP  Mobi-C C5-6 12 TDR
ShpP
PNP
12 4 F AP Mobi-C C5-6 12 TDR
MP
PNP
13 4 F AP Prodisc C5-6 12 TDR
MP

AP, arm pain; CC, chief complaint; ShP. shoulder pain; MP. myelopathy; Mo,
months; TDR, total disc replacement.
*The patient who underwent two-level TDR.

after initial surgery. There were two patients in the early reop-
eration group; one of them was technically a failure, and the
other showed improper indication of severe spondylosis. Both
of these early group patients underwent reoperation with arti-
ficial disc removal and ACDE. In the late reoperation group,
the causes of failure were improper surgical indications, oste-
olysis with subsidence, and spondylitis. Four of these patients
(40%) underwent a posterior approach due to the presence of
myelopathy (Table 3).

There was no difference in our approach to surgery in any
patient based on the duration to reoperation. Instead, we chose
either an anterior or a posterior approach, depending on wheth-
er the patient’s symptoms were radiculopathy or myelopathy,
respectively. However, the longer the reoperation period, the
more difficult it was to remove the device, although the time
length did not affect the choice of approach for reoperation.

Nine patients underwent an anterior approach, and the re-
maining four were addressed with a posterior approach. Nine
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Fig. 1. Missing Bryan device. (A) Postoperative lateral radiograph of the cervical spine showed anterior discectomy and implantation of artificial disc at
C5-6. (B) Lateral radiographs after 6 months of follow-up showed subsidence of artificial disc. (C) Lateral radiographs at 1 year postoperatively showed

disappearance of artificial disc.

Table 3. Causes for Failure of Total Disc Replacement and Treatment

Case Cause Mobile direction

Duration (months) Approach Device removal

Reoperation

1 Improper indication (spondylosis), ASD -
Sup-Ant

2 Inappropriate technique, mobile device
3 Osteolysis, mobile device Sup-Ant
4 Improper indication (spinal instability)
5  Improper indication (spondylosis)
6  Improper indication (spinal instability)
7 Osteolysis, mobile device Sup-Post
. : . . Sup-Ant
8  Postoperative infection, mobile device Inf-Ant
9  Postoperative infection, mobile device Sup-Post
Inf-Post
10 Improper indication (spondylosis) ASD
. . . Sup-Post
11 Osteolysis, mobile device Inf-Post
12 Improper indication (spondylosis) -
13 Osteolysis, mobile device Sup-Ant

89 Post. - Laminectomy and LMSF
0 Ant. + ACDF (auto chip bone)
15 Ant. + ACDF (auto chip bone)
18 Ant. + ACDF (allograft bone block)
5 Ant. + ACDF (allograft bone block)
16 Post. - Laminoplasty
60 Ant. + ACDF (AIBG)

126 Post. * Laminectomy and LMSF

108 Ant. + ACDF (AIBG)

101 Ant. + ACDF (allograft bone block)
78 Ant. + ACDF (allograft bone block)
50 Post. - Laminoplasty
21 Ant. + ACDF (AIBG)

ASD, adjacent segment degeneration; Ant, anterior; Post, posterior; Sup, superior; Inf, inferior; LMSF, lateral mass screw fixation; ACDF, anterior cervical discec-

tomy and fusion; AIBG, autogenous-tricortical iliac bone graft.
*The device was spontaneously disappeared steadily.

of the 13 patients (69%) underwent removal of the C-TDR de-
vice (four from Mobi-C, three from Prestige LP, and two from
ProDisc-C), and one patient with a Bryan device experienced
spontaneous disappearance (Fig. 1). Five patients underwent
a one-level discectomy and fusion using a plate. Two other pa-
tients had a two-level discectomy and plate fusion. The types
of bone grafts used in these patients were four freeze-dried al-
lograft bone blocks, three autogenous tricortical iliac bone
grafts, and two cages plus autogenous bone chips. Of the four
patients being revised with a posterior approach, two under-
went laminectomy and lateral mass screw fixation, and the

https://doi.org/10.3349/ym;.2021.62.3.240

other two underwent laminoplasty (Fig. 2, Table 3).

Our clinical assessment compared patients’ VAS, modified
JOA, and NDI scores before and after surgery. The average
change in VAS score for neck pain was -4.15, while that for arm
pain was -3.77. Regarding functional improvement, the aver-
age change in modified JOA score was 2.23, while that for NDI
was -20.46. Although no statistical significance was observed,
both pain and functional disability resulted in postoperative
improvement (Table 4).
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Fig. 2. Postoperative radiographs of patients underwent revision surgery.
(A-1) Last follow-up lateral radiograph of the patient who underwent
hybrid surgery with artificial disc at C4-5 and interbody fusion at C5-6.
(A-2) Postoperative lateral radiograph of the patient who underwent re-
moval of the implant and one-level discectomy and fusion using a cage
plus autogenous bone chips at C4-5. (B-1) Last follow-up lateral radio-
graph of the patient who underwent artificial disc replacement at C5-6.
(B-2) Postoperative lateral radiograph of the patient who underwent re-
moval of the implant and two-level discectomy and fusion using freeze-
dried allograft bone blocks with plate and screws at C4-5-6. (C-1) Last
follow-up lateral radiograph of the patient who underwent multi-level
artificial disc replacement at C3-4 and C6-7. (C-2) Postoperative lateral
radiograph of the patient who underwent C3 laminectomy and open-
door laminoplasty at C4-5—6 without the removal of previous implant.
(D-1) Last follow-up lateral radiograph of the patient who underwent
hybrid surgery with artificial disc at C4-5 and interbody fusion at C6-7.
(D-2) Postoperative lateral radiograph of the patient underwent lami-
nectomy and lateral mass screw fixation at C4-5 without the removal of
previous implant.
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DISCUSSION

The C-TDR technique showed at least the same or better re-
sults than ACDF in terms of ASD occurrence, pseudoarthrosis,
and mechanical problems.?® In addition, this procedure dem-
onstrated excellent clinical results similar to those of ACDE

Patients who undergo C-TDR also may experience negative
outcomes of implant failure, such as broken polyurethane
sheath, subsidence with osteolysis, wear debris, and tissue re-
action. Moreover, improper indications, inappropriate tech-
niques, and movement due to the choice of device type can also
lead to problems.'*'>*

A total of 13 patients (eight males and five females) under-
went reoperation after C-TDR due to complications. Three of
these patients underwent initial C-TDR at our hospital, a prev-
alence of 2.7% (3/111). Although the rate of reoperation due
to complications was 2.7%, a detailed analysis was required to
determine how to prevent and treat these outcomes.

Park, et al.'® found that the most common cause for failure
of C-TDR was poor patient selection, followed by insufficient
decompression, malpositioning, subsidence, osteolysis, and
postoperative infection. In our study, the causes for failure of
C-TDR procedures were as follows: improper indications in
6 patients (46%), including four for severe spondylosis and two
for cervical instability. In addition, we found osteolysis with im-
plant subsidence in four patients, postoperative infections in
two patients, and inappropriate technique and unstable im-
plant in one patient. The results of the current study were simi-
lar to those reported by Park, et al."* Therefore, patient selec-
tion is the most important factor for a successful implantation.

The surgical indications and contraindications for C-TDR are
shown in Table 1. In our study, six patients experienced failure
due to improper indication; four had severe cervical spondylo-
sis with osteophyte and disc height loss, and two suffered from
cervical instability with spondylolisthesis. In the cases with im-
proper indications, almost all patients complained of posterior
neck pain and radiculopathy at the surgical levels. Three of
them had myelopathy and underwent reoperation using a pos-
terior approach. These patients should have initially been re-
ferred for fusion surgery with foraminotomy instead of C-TDR.
Therefore, in order to properly perform C-TDR, clinicians must
adhere to strict indications and technical care.

In our surgical strategy, the artificial disc was firmly fixed,
and in the case of non-complication due to the implant, there
was no reason to remove the implant, so we decided to use the
posterior approach. In particular, in case of severe myelopa-
thy, laminectomy with lateral mass screw fixation or lamino-
plasty was performed. In our case, each of the two cases was
performed. In this part, surgeon difference clearly existed; and
principally, it had a policy that enforced fusion, but in the oth-
er cases, it seems that the surgeon’s will to maintain motion
was reflected.

In the case of osteolysis or mobile implants, implant remov-

https://doi.org/10.3349/ymj.2021.62.3.240
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Table 4. Clinical Assessment of the Patients Pain and Functional Disability

YMJ

Neck pain VAS Arm pain VAS
Case Pre-operative Post-operative Post-operative Post-operative Pre-operative Post-operative Post-operative Post-operative

3 months 6 months 12 months 3 months 6 months 12 months

5.46+1.51 2.31+1.49 1.38+1.61 1.31+1.38 4.85+1.63 2.08+1.26 1.54+1.27 1.08+1.26
1 8 2 0 0 3 0 0 0
2 5 2 0 0 3 0 0 0
3 5 2 0 2 5 4 3 3
4 5 0 0 0 7 2 0 0
5 4 2 0 0 8 2 2 0
6 7 5 5 4 5 3 1 2
7 6 3 1 2 3 2 3 2
8 7 3 2 2 3 2 0 0
9 5 2 2 0 5 4 1 0
10 2 0 0 0 4 2 2 0
" 6 4 3 2 6 2 3 2
12 6 4 3 3 6 3 3 3
13 5 1 2 2 5 1 2 2

mJOA scale NDI
Case 5 L Post-operative Post-operative Post-operative 5 L Post-operative Post-operative Post-operative

3 months 6 months 12 months 3 months 6 months 12 months

14.46+1.90 15.69+1.97 16.46+1.71 16.69+1.44 29.77+7.54 16.62+7.32 10.92+5.50 9.31+5.19
1 13 15 16 17 34 10 8 7
2 17 18 18 18 21 12 6 5
3 15 16 17 17 25 16 12 "
4 16 18 18 18 23 10 5 3
B 14 16 18 18 31 13 8 5
6 12 13 14 15 40 34 26 22
7 12 12 13 14 42 28 15 13
8 14 16 17 17 33 18 12 12
9 17 18 18 18 20 i 6 3
10 14 16 17 17 33 18 9 8
1" 12 13 14 14 38 21 13 10
12 17 17 17 17 23 13 13 13
13 15 16 17 17 24 12 9 9

VAS, visual analogue scale; mJOA, modified Japanese Orthopaedic Association; NDI, Neck Disability Index.

alis required. In addition, when implant-related complications,
such as sheath breakage occur, implant removal is also neces-
sary. In addition, ACDF or corpectomy and fusion should be
considered when the implant is removed. Reoperations were
performed through the opposite side of previous surgical site,
due to postoperative adhesions. Of course, the cases of reop-
eration due to early complications, such as cases 2 and 5, were
performed with an existing wound. The implant was exposed,
and the scar tissue and ossification were carefully removed from
the endplates using high-speed drill, chisel, dissector, and for-
ceps. Usually, the implant was removed in two pieces. When
endplates were freed from bony spurs and granulation tissue,
interbody fusion was considered.” At this time, auto-iliac bone
was used for infection such as spondylitis, and cervical inter-
body fusion cage was used for previous surgery at the periph-
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eral level. Other than infection, allobone was used. However,
osteolysis was very severe in our case, and although corpecto-
my could have been a good surgical option, we chose posteri-
or fusion. Fortunaely, the patient is constantly on follow-up
without any special problems.

When we divided the patients into early and late reoperation
groups based on reoperation within 30 days after initial sur-
gery, only one patient in the early reoperation group technical-
ly experienced failure. In failure cases, it is likely that the objec-
tive disc was not properly seated during surgery; in our case,
the problem occurred as the upper part of the implant migrat-
ed to the anterior part, resulting in the need for reoperation.

C-TDR failures are most likely to occur at levels C4-5 and
C5-6," and we observed the same trend in our study. In their
in vivo study, Skeppholm, et al.** concluded that a larger range
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of motion might cause greater stress on the surface of fixation
between the implant and the vertebra, leading to instability and
migration of artificial discs. Since their study analyzed three-
dimensional CT motion, it had a much higher chance of iden-
tifying developing mobility or subsidence with osteolysis in
the upper endplate. Our study included seven patients with
mobile implants, and C5-6 was the most common level of oc-
currence. Of the seven mobile implant patients in our study, five
were at C5-6, and all seven had subsidence at the upper end-
plate; three also experienced subsidence in the lower endplate.
Five of the upper endplate subsidence cases involved anterior
migration, and two migrated toward the posterior (Fig. 3).

Several studies have reported similar cases, as in our Bryan
device patient, where the instruments were unable to be visu-
alized after surgery (Fig. 1).**° An iatrogenic esophageal tear
may possibly occur during an anterior cervical approach, with
particularly higher likelihood in patients undergoing reopera-
tion. Pompili, et al.* reported delayed esophagus or pharyngeal
perforation caused by chronic inflammation or infection,
which may be associated with subsequent dislodgement and
migration of implants. In contrast, dislodgement of implants
may also cause chronic inflammation and lead to delayed
esophageal perforation. The device could be located within the
gastrointestinal tract, the mediastinum, or even the intraperi-
toneal space.”** Our case was represented in 126 months after
the operation; during that period, no other symptoms, such as
dysphasia, were reported by the patient, except posterior neck
pain and myelopathy. As a result, endoscopic exploration was
not performed, and the artificial disc was eliminated in the
stool. As in the above cases, there is a high possibility that im-
plants that move will produce chronic inflammation and lead
to delayed esophageal perforation.

Some devices, including those manufactured by Prestige LP

Revision Surgery after C-TDR

and Mobi-C, have been designed as keel types so that they
can be embedded into the endplate. In our study, there were
five keel-type devices (three by Mobi-C, two from Prestige LP)
out of seven patients who experienced complications caused
by infection or osteolysis. With the migrated Mobi-C devices,
two showed posterior migration of the superior portion and
anterior migration of the inferior component, and one showed
anterior migration of the superior portion. The two patients
with Prestige LP cases demonstrated anterior migration only
in the superior portion. This result alone does not indicate
that the keel type of implant is more mobile, but keel-type de-
vices are not the firmest available. However, the removal of
these keel-type artificial discs is difficult during reoperation, as
most of them produce areas of heterotopic ossification around
the device. Removal was performed by drilling through the
ossified area and removing the implant from the bottom one
piece at a time.

In our study, surgical strategies were mostly chosen based
on patient symptoms and bone quality. Similarly, Park, et al."®
reported a summarized algorithm for reoperation strategy to
manage failures in C-TDR. We slightly modified the algorithm
for our study (Fig. 4). Several studies reported that implanta-
tion of an alternative cervical artificial disc is also a suitable
option in consideration of the patient’s integrity of facet, end-
plate, and presence of osteophytes.’>*! Unfortunately, in this
study, most of the cases in which artificial disc had a compli-
cation and needed replacement were accompanied by osteol-
ysis or infection, so we chose fusion rather than alternative ar-
tificial disc.

A limitation of our study was the relatively small number of
reoperation cases. This number alone may not be enough to
establish the cause of all complications and their associated
treatments. However, we believe that our data will contribute

Fig. 3. Improper position of mobile artificial implant. (A) Migration of implant (Prestige) at the upper endplate with anterior migration without osteolysis
at C4-5. (B) Subsidence of implant (Mobi-C) at the upper endplate with posterior migration with osteolysis and developed iatrogenic cervical kyphosis
at C5-6. (C) Subsidence of implant (Mobi-C) at the upper and lower endplate with posterior migration with osteolysis due to spondylitis and bony de-
struction at C5-6.
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Combined surgery

Fig. 4. A modified algorithm of revision strategy after total disc replace-
ment of the cervical spine (C-TDR).

to and help establish theories as more data are added by other
groups. We will continue our research through long-term fol-
low-up visits and further accumulation of data.

C-TDR is good surgical option, but it is also important to
adhere to strict surgical indications and contraindications to
avoid failure of C-TDR. In particulay, if the surgical site shows
severe spondylosis, such as instability, facet joint degenera-
tion, and osteophytes, or the patient is allergic to the implant
material or osteoporosis, the surgery is contraindicated. Care-
ful preparation is needed to avoid damaging the endplate, and
it is recommended that the implant be located in the third sec-
tion of the front, and not in the front or the rear. The results of
our reoperations were good regardless of the approach. There-
fore, we conclude that various reoperation options can be
considered in patients with failed C-TDR.
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