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ABSTRACT
Study design: Systematic review.

Clinical questions: What are the rates and causes of subsequent surgeries? What is the long-term com-
plication rates following cervical artificial disc replacement (C-ADR)? How do these rates change
over time?

Methods: A systematic review was undertaken for articles published up to October 2011. Electronic da-
tabases and reference lists of key articles were searched to identify comparative and non-comparative
studies reporting long-term (= 48 months) complications of C-ADR. Two independent reviewers
assessed the strength of evidence using the GRADE criteria and disagreements were resolved by
consensus.

Results: Two RCTs reporting outcomes following C-ADR (Bryan disc, Prestige disc) versus anterior cervi-
cal discectomy and fusion (ACDF) at follow-ups of 4 to 5 years were found; five case series reporting
outcomes following C-ADR at follow-ups of 4 to 8 years were identified. Secondary surgery rates
were similar or slightly lower following C-ADR compared with fusion at 4 to 5 years postoperatively.
In one small subset of an RCT, rates of adjacent disc heterotopic ossification were lower in C-ADR
patients than in those treated with fusion. Rates of other adverse events were similar between treat-
ment groups.

Conclusions: There is low evidence on the long-term safety outcomes following C-ADR. Additional
comparative studies with follow-up of at least 4 years are needed to fully understand the long-term
safety outcomes of C-ADR compared with fusion.

No funding was received in support of this work.
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STUDY RATIONALE AND CONTEXT

Theoretical advantages of cervical artificial disc replace-
ment (C-ADR) are to decrease abnormal biomechanical
forces at adjacent segments, thereby decreasing the risk of
degeneration and need for subsequent surgery. Evidence
from RCTs with 2 years follow-up has shown equal or
slightly better clinical outcomes and complication rates
between C-ADR and fusion. Further follow-up is needed to
determine the long-term rates of reoperation and adverse
events of a new technology such as C-ADR to determine
if unexpected failure mechanisms are present.

CLINICAL QUESTIONS

1. What evidence is available from studies of C-ADR re-
garding the long-term complications? How do these
rates change over time?

2. What are the rates and causes of second surgeries?

Fig 1 Results of literature search.

1. Total citations
(n=219)

2. Title/abstract exclusion
(n=196)

3. Retrieved for full-text evaluation
(n=23)

4. Excluded at full-text review
(n=14)

5. Publications included
(=9

MATERIALS AND METHODS

Study design: Systematic review.

Sampling:

Search: PubMed, Cochrane collaboration database, and
National Guideline Clearinghouse databases; bibliog-
raphies of key articles (Fig 1).

Dates searched: through October 1, 2011.

Inclusion criteria: (1) comparative and non-comparative
studies reporting on complications (including revision)
following C-ADR; (2) follow-up >4 years.

Exclusion criteria: (1) mean follow-up <4 years; (2) ad-
jacent segment disease; and (3) device survival.

Outcomes: Revision, reoperation, complications (includ-
ing, but not limited to heterotopic ossification, radicu-
lopathy, dysphagia, fracture, subsidence).

Analysis: Descriptive statistics.

Additional methodological and technical details are
provided in the Web Appendix at www.aospine.org/ebsj
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RESULTS

A total of two RCTs were identified:

e Two randomized, multicenter FDA trials [1-3] com-
paring outcomes following C-ADR and anterior cervi-
cal discectomy and fusion (ACDF) at 48 and 60 months
postoperatively were identified.

e Discs evaluated included Bryan (48 months)[2, 3] and
Prestige (60 months) [1].

e Atotal of 1004 adult patients (47 % male) with a mean
age of 44.0 years were enrolled. All patients were di-
agnosed with single-level degenerative disc disease
between C3 and C7 and had failed a minimum of 6
weeks conservative treatment. Complete follow-up in
the two RCTs was low, ranging from 50%-75%.

¢ Both RCTs received a class of evidence (CoE) grade II.

Five case series (in six reports) were also identified (N =

216)[4-9].

e Follow-up rates ranged from 4 to 8 years.

e Discs evaluated included Prestige [6] (4 years), Pro-
Disc-C [7] (4 years), and Bryan [4, 5, 8, 9] (4-8 years).

e All case series are CoE IV studies.

Subsequent operations

RCTs (Tables 1-2)

e At 48 months, one RCT reported no significant differ-
ences between groups for rates of revisions, hardware
removal, supplemental fixation, use of bone growth
stimulators, or reoperation [2].

e At 60 months, one RCT reported significant difference
between the C-ADR and ACDF groups, respectively,
in revisions (0% versus 1.9%; P = .028), supplemental
fixation (0% versus 1.9%; P = .028), and the use of
external bone growth stimulator (0% versus 2.6%; P
=.007) [1].

e Causes of subsequent reoperation varied (Table 2).
Most studies reported a range regarding when sec-
ondary procedures took place, making it difficult to
determine their precise timing.

a systematic review evaluating long-term safety 11

Case series (Tables 3-4)

e At 4-8 years follow-up, subsequent reoperation rates
were low: hardware removal (1.5%) [4-7], reoperation
at the index level (1.5%) [4-7], and surgery at other
cervical levels (4.3%) [4-6]. No patients had under-
gone revisions or supplemental fixation at the index
level [4-7].

e Causes and timing of second surgeries varied (Table 4).

Adverse events

RCTs (Table 5)

e A single-site report of a larger RCT study reported
lower rates of adjacent-level ossification at both 2 and
4 years (24% vs 64%; P=.003) and (50% vs 82%; P =
.004), following C-ADR versus ACDF, respectively [3].

e Rates of subsidence and disc migration reported by one
study and were similar between groups at all follow-
ups (up to 60 months) [1].

e There was no difference between groups in the rate of
dysphagia or dysphonia by 24 months in one study [1].
Rates were not reported past 24 months.

e Rates of World Health Organization grades 3 and 4
(serious) adverse events were similar in both groups
at all follow-ups (up to 48 months) as reported by one
study [2].

Case series (Table 6)

e One study reported increasing rates of heterotopic os-
sification (HO) with increased time: at 6 months, 54%
of spinal levels had evidence of HO compared with
88% of levels at 4 years [7]. Two other series reported
HO rates in less than 40% of patients/levels between 4
and 8 years [4, 8, 9]. Rates of grade 4 severe HO (device
immobilizaion) occurred in 0%-19% of patients as
reported by three studies [4, 7, 9].

e One case series of 102 patients reported that by 4-6
years follow-up, 63.7% of patients had experienced at
least one adverse event (112 events) [4].

e Rates of other adverse events as reported by one to five
case series 4—8 years postoperatively were relatively
low [4-9].
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Table 1 Subsequent operations following C-ADR versus fusion from two RCTs [1, 2] with follow-ups of 48 months or more *

Burkus et al [1] (2010) Sasso et al [2] (2011)

60 mo 48 mo

C-ADR Fusion P C-ADR Fusion P

(n=276) (n=265) (n=242) (n=221)
Revisions! 0% (0) 1.9% (5) 028 0.4% (1) 0% (0) NS
Hardware removal 2.5% (7) 4.9% (13) NS 1.7% (4) 1.8% (4) NS
Supplemental fixation$ 0% (0) 1.9% (5) .028 0% (0) 2.3% (5) NS
External bone growth stimulator 0% (0) 2.6% (7) .007 0% (0) 0.9% (2) NS
Reoperationl! 1.4% (4) 0.8% (2) NS 1.7% (4) 0.5% (1) NS
Adjacent-level surgery 2.9% (8) 4.9% (13) NS 4.1% (10) 4.1% (9) NS
Nonadjacent-level surgery NR NR - 0.4% (1) 1.4% (3) NS

* C-ADR indicates cervical artificial disc replacement; NS, not statistically significant; and NR, not reported.

t Revisions: surgery that modified or adjusted the original implant.

#Hardware removal: removal of one or more components of the original implant followed by replacement with a different device.
§ Supplemental fixation: surgery to provide additional stabilization to the index site (excluding external bone growth stimulators).
I Reoperation: additional procedure at the index level besides a revision, hardware removal, or supplemental fixation.

Table 2 Causes and timing of subsequent reoperations following C-ADR versus fusion from two RCTs [1, 2] with follow-ups of 48 months or more.*

Reason for reoperation (No. of patients)

Timing of reoperation, mo  C-ADR ACDF
Revisions! <24 NR (1) [2] NR (5 [100%]) [1]
Hardware removal* <24 NR (3) [2] NR (3) [2]

24-48 Neck/shoulder pain (1 patient) [2] NR (1) [2]

0-60 Radicular pain (7 patients) [1] Radicular pain (13) 1]
Supplemental fixation$ <24 NA NR (4) [2]

24-48 NA NR (1) [2]

0-60 NA Symptomatic nonunion (5) [1]
External bone growth stimulator <24 NA NR (2) [2]

0-60 NA Suspected symptomatic nonunion (7) [1]
Reoperationl! <24 NR(2) [2] NR (1) [2]

24-48 NR (2) [2] NA

0-60 NR (4) [1] NR () [1]
Adjacent-level surgery <24 NR (6) [2] NR (5) [2]

24-48 NR (4) [2] NR (4) [2]

0-60 ASD (8) [1] ASD (13) [1]
Nonadjacent-level surgery <24 NR (1) [2] NR (3) [2]

* C-ADR indicates cervical artificial disc replacement; ACDF, anterior cervical discectomy and fusion; NA, not applicable; NR, not reported; and ASD,
adjacent segment disease. Numbers within brackets are references.

T Revisions: surgery that modified or adjusted the original implant.

# Hardware removal: removal of one or more components of the original implant followed by replacement with a different device.

§ Supplemental fixation: surgery to provide additional stabilization to the index site (excluding external bone growth stimulators).

I Reoperation: additional procedure at the index level besides a revision, hardware removal, or supplemental fixation.
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Table 3 Subsequent operations following C-ADR from four case series [4—7] with follow-ups of 48 months or more *
Goffin et al [4] Quan et al [5] Robertson etal [6] Suchomel etal [7] Summary
(2010), final f/u:4-6y (2011),f/u:8y (2004), final f/u:4y (2010),f/u:4y 4-8y
CADR C-ADR CADR CADR CADR
(n=102) (n=21) (n=17) (n=54) (n=194)t
Revisions? 0% (0) 0% (0) 0% (0) 0% (0) 0% (0)
Hardware removal$ 2.0% (2) 0% (0) 6% (1) 0% (0) 1.5% (3)
Supplemental fixationll 0% (0) 0% (0) 0% (0) 0% (0) 0% (0)
External bone growth stimulator NR NR NR NR NR
Reoperation'l 2.9% (3) 0% (0) 0% (0) 0% (0) 1.500 (3)
Surgery at other cervical levels 3.9% (4) 0% (0) 120% (2) NR 4.3% (6/140)
Soft-tissue tumor excision 1.0% (1) NR NR NR 1.0% (1/102)
Surgical evacuation of prevertebral 1.0% (1) NR NR NR 1.0% (1/102)

hematoma

* C-ADR indicates cervical artificial disc replacement; NR, not reported; and f/u, follow-up.

t Unless otherwise indicated.

#Revisions: surgery that modified or adjusted the original implant.
§ Hardware removal: removal of one or more components of the original implant followed by replacement with a different device.
I'Supplemental fixation: surgery to provide additional stabilization to the index site (excluding external bone growth stimulators).
' Reoperation: additional procedure at the index level besides a revision, hardware removal, or supplemental fixation.

Table 4 Causes and timing of subsequent reoperations following C-ADR from four case series [4—7] with follow-ups of 48 months or more.*

Timing of reoperation

Reason for reoperation (No. of patients)

fHardware removal <24mo Pain on full extension (1) [6]
6y Progressive spinal cord compression due to recurrent posterior osteophyte formation (1) [4]
NR NR (1)[4]
fReoperation <12 mo Unresolved radicular symptoms (laminoforaminotomy) (1) [4]
5.8y NR (foraminotomy) (1) [4]
NR Myelopathy (laminectomy) (1) [4]

Surgery at other cervical levels <24 mo

>45y

Removal of osteophytes present before original surgery (1) [6]
Myelopathy (laminectomy and fusion) (1) [6]

NR () [4]

* C-ADR indicates cervical artificial disc replacement; NR, not reported; and numbers within brackets are references.

t Hardware removal: removal of one or more components of the original implant followed by replacement with a different device.
Supplemental fixation: surgery to provide additional stabilization to the index site (excluding external bone growth stimulators).
Reoperation: additional procedure at the index level besides a revision, hardware removal, or supplemental fixation.
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Table 5 Adverse events following C-ADR versus fusion from two RCTs [1-3] with follow-ups of 48 months or more *

Follow-up, mo Studies Results (No. patients)t P
C-ADR ACDF
Subsidencet <24 1] 2.6% (5/190) 4.9% (8/164) NS
24-36 10 2.8% (4/141) 0.9% (1/116) NS
36-60 1] 2.8% (2/71) 1.4% (1/71) NS
Implant migration <24 1] 0% (0/190) 0% (0/164) NS
24-36 1] 0% (0/141) 0% (0/116) NS
36-60 1] 0% (0/71) 0% (0/71) NS
Dyspagia or dysphonia® <24 1] 8.7% (17/190) 8.3% (14/164) NS
WHO grades 3-4 (serious) adverse events* <24 12] 31.0% (75/242) 27.6% (61/221) NS
24-48 112] 18.2% (44/242) 16.3% (36/221) NS
Severe neck and arm pain 24-48 112] 1.2% (3/242) 2.3% (5/221) NS
New neurological deficits 24-48 12] 0% (0/242) 0.9% (2/221) NS
Adjacent level ossification (any) 24 113] 24% (5/21) 64% (16/25) .003
48 113] 50 (10/20) 8200 (18/22) 004

* C-ADR indicates cervical artificial disc replacement; ACDF, anterior cervical discectomy and fusion; ns, not statistically significant; and WHO, World
Health Organization.

t Rates are cumulative and reflect percentage of patients unless otherwise indicated.

# Rates are not cumulative.

§ Authors did not differentiate between rates of dysphagia and rates of dysphonia.
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Table 6 Adverse events following C-ADR versus fusion from five case series [4—9] with follow-ups of 48 months or more *

Follow-up Studies Patients, n Results, mean % Results, range %
patientst patients
Overall adverse events (cumulative) 4-8y 1[4] 102 63.7 63.7
Subsidencet 4y 2[4,7) 136 0 0
6y 1[4] 77 0 0
8y 1[4] 26 0 0
4-8y(pooled) 21[4,7] 136 0 0
Implant migration/loosening 4-6y 3[4,6,7] 173 1.7 0-6
8y 18] 21 5 5
4-8y (pooled) 4 [4-7) 194 2.1 0-6
Screw breakage 4y 1(6] 17 6 6
Heterotopic ossification (any) 6mo 1[7] 54 (65 levels) 54 levels 54 levels
1y 1[7] 72 levels 72 levels
2y 1[7] 78 levels 78 levels
4y 1[7] 50 (60 levels) 88 levels 88 levels
4y 14,8] 102 34 34
5y 1[9] 22 (24 levels) 33 levels 33 levels
6y 1[4,8] 77 38 38
8y 1[4,8] 26 39 39
Heterotopic ossification (grade 4 [severe; device 6mo 1[7] 54 (65 levels) 0 levels 0 levels
immobilization] only) 1y 1[7] 8 levels 8 levels
2y 1[7] 19 levels 19 levels
4y 1[7] 50 (60 levels) 18 levels 18 levels
4y 14,8] 102 5 5
5y 1[9] 22 (24 levels) 8 levels 8 levels
6y 14,8] 77 8 8
8y 1[4, 8] 26 8 8
Dysphonia 4-6y 3[4,6,7] 173 17 0-12
Severe neck and arm pain/brachialgia 4y 1(6] 17 12 12
New neurological deficits 4-6y 24,7 156 10 events [study 4]; 10 events [study 4];
4 [study 7] 4 [study 7]
Perioperative adverse events (details NR) 4-6y 11[4] 102 2.0 2.0
Splitting of vertebral bodies (perioperative) 4y 11[7] 54 4 4
Pain on full-neck extension 4y 11[6] 17 18 18

* C-ADR indicates cervical artificial disc replacement; NR, not reported; and NS, not statistically significant.
f Rates are cumulative and reflect percentage of patients unless otherwise indicated.

# Rates of subsidence at each follow-up; thus, subsidence rates are not cumulative.
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CLINICAL GUIDELINES

One guideline was found, published by the North Ameri-
can Spine Society (NASS) in 2010, titled “Diagnosis and
treatment of cervical radiculopathy from degenerative
disorders.” Among the major recommendations listed
were the following statements relevant to the topic of this
review:

e “ACDF and total disc arthroplasty (TDA) are sug-
gested as comparable treatments, resulting in simi-
larly successtul short term outcomes, for single level
degenerative cervical radiculopathy.” (grade: B; fair
evidence-level IT or I1I studies).

e “Surgery is an option for the treatment of single level
degenerative cervical radiculopathy to produce and
maintain favorable long term (> 4 years) outcomes.”
(grade C; poor quality evidence-level IV or V studies).

CASE STUDY

e A 43-year-old man presented with a left C6 radicu-
lopathy secondary to a posterolateral disc herniation
(Fig 2a).

e He failed conservative treatment and was treated with
a C5-6 discectomy and placement of a metal-on-metal
(Prestige ST, Medtronic, Memphis, TN, USA) total disc
replacement.

e Postoperatively, he was permitted an early return to
activities of daily living and was working 2 weeks fol-
lowing the procedure.

e Four years after the procedure, he remained pain free,
had normal neurological function, and full functional
activity (Fig 2b-c).

DISCUSSION

In two RCTs with 4-5 years follow-up, the incidence and
severity of adverse events are similar between C-ADR and
ACDF and did not change between 2 and 4 (to 5) years
follow-up [1-3]. A subset of patients from one RCT had
lower rates of adjacent-level ossification at 4 years follow-
ing C-ADR versus ACDF [3]. One cases series of C-ADR
with 4 years follow-up heterotrophic ossification appears
to increase over time [7]. Severe (grade 4) heterotopic os-
sification was reported to occur in 0%-19% of patients at
410 9 years follow-up [4-9]. Rates of other adverse events
were relatively low at 4- to 9-year follow-up [4-9].
Unanticipated device-related complications have not been
reported in C-ADR in two studies with 4- to 5-year follow-
up. However, two cases of abnormal inflammatory reac-
tions to metal ions with epidural spinal cord compression
have been reported following cobalt-chrome metal on
metal C-ADR, which appear similar to that seen follow-
ing MOM total hip arthroplasty [10, 11].

Fig2
a Magnetic resonance imaging showing large herniated disc (arrow) at C5-6.

b Four-year follow-up lateral x-ray after stainless steel on stainless cervical disc (Prestige ST, Medtronic, Memphis, TN, USA).
¢ Anteroposterior x-ray.
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In the RCTs, secondary surgeries at the index level oc-
curred between 0% and 3.9% after C-ADR and 5.4% and
12.1% after ACDF [1, 2]. These rates were consistent with
those reported in the observational studies. The causes
for index level reoperation for C-ADR were persistent
pain or recurrent pain and for ACDF were pseudarthrosis
or need for hardware revision to treat adjacent segment
degeneration.

Strengths
e Analysis included a large number of randomized
patients

e Homogenous inclusion and exclusion criteria
e Adverse events were well documented with clearly
defined definitions

Limitations

e Follow-up in RCTs was low at longer-term follow-up

e RCT data was available for only two studies

e No case reports of more serious adverse events occur-
ring 4 years postoperatively were identified

Clinical relevance and impact

This review documents at 4- to 5-year follow-up the rela-
tive safety of C-ADR compared with ACDF for treatment
of single-level myelopathy and/or radiculopathy. Further
reoperation rates at the index level and secondary surgeries
at adjacent levels of C-ADR are equal or lower than ACDF.
Results of on-going clinical trials and longer follow-up are

required for a better understanding of the long-term safety
of C-ADR (Tables 7-8).

SUMMARY AND CONCLUSIONS

e Currently, approved FDA devices have long-term
safety profiles equal to or better than ACDF.

e Long-term reoperation rates at both the index and
adjacent levels following C-ADR are equal to or lower
than those occurring after ACDF.

e Additional comparative studies are needed to have
a better understanding of the long-term safety of
C-ADR.

EVIDENCE SUMMARY

Table 7 Question 1: What evidence is available from studies of cervical artificial disc replacement (C-ADR) regarding the long-term complications?

How do these rates change over time?

Outcomes Strength of evidence Conclusions/comments

Heterotopic ossification, Very low Low Moderate High Two randomized controlled trials and five case series
device-related events, reported long-term rates for a variety of adverse events
dysphagia/dysphonia, following C-ADR. Adjacent heterotopic ossification (HO)
other adverse events rates were lower following C-ADR compared with fusion in

Further research is very likely to have an importantimpact on our confidence  one small subset of an RCT, while three case series

in the estimate of effect and is likely to change the estimate.

reported long-term HO rates occurring in a range of
3300-880% of treated levels. Rates of other adverse events
were generally low.

Table 8 Question 2: What are the rates and causes of second surgeries?

Outcomes Strength of evidence

Conclusions/comments

Revisions, hardware Very low Low
removal, supplemental
fixation, reoperation,
surgery at other levels

Moderate

High Two randomized controlled trials and four case series
reported on long-term rates of second surgeries following
C-ADR. Rates of subsequent operations following C-ADR
were relatively low, and were similar to or lower than those

Further research s very likely to have an important impact on our confidence  following fusion. Causes and timing of second surgeries
in the estimate of effect and is likely to change the estimate. varied.
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