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RANDOMIZED TRIAL

Long-term Outcomes of the US FDA IDE
Prospective, Randomized Controlled Clinical Trial
Comparing PCM Cervical Disc Arthroplasty With
Anterior Cervical Discectomy and Fusion

Frank M. Phillips, MD,* Fred H. Geisler, MD, PhD,t Kye M. Gilder, PhD,# Christopher Reah, PhD,§
Kelli M. Howell, MS,§ and Paul C. McAfee, MD, MBA g

Study Design. Prospective, multicenter, randomized clinical trial.
Objective. To evaluate the long-term safety and effectiveness of
the PCM Cervical Disc compared with anterior cervical discectomy
and fusion (ACDF) in treatment of patients with symptomatic single-
level degenerative spondylosis between C3-C4 and C7-T1 with or
without prior cervical fusion.

Summary of Background Data. The 2-year results of the PCM
Cervical Disc trial have been reported previously. The current study
reports the long-term results of the same trial.

Methods. Patients with single-level cervical spondylosis and
radiculopathy with or without myelopathy unresponsive to
nonoperative treatment were enrolled. The per protocol patient
sample at 5 years included 293 patients (163 PCM, 130 ACDF).
Adverse events and secondary surgical procedures are reported on
the cohorts through current follow-up, which include 110 patients
(68 PCM, 42 ACDF) at 7 years.

Results. At 5 years postoperative, all patient-reported outcomes—
neck and arm pain visual analogue scale score, neck disability index,
and general health (36-Item Short Form Health Survey physical
and mental component scores: physical component summary,
mental component summary)—were significantly improved from
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baselines in both groups, and mean scores were significantly better
in the PCM group for neck disability index (P = 0.001), neck pain
(P = 0.002), general health (PphysiLaI component summary 0.014;
mental component summary —0-004); and patient satisfaction (P = 0.005).
PCM patients trended toward fewer 2- to 7-year device-related
serious adverse events (1/214, 0.5% PCM; 2/190, 1.1% ACDF) and
secondary surgical procedures (7/211, 3.3% PCM; 14/290, 7.6%
ACDF). Adjacent-level degeneration was radiographically more
frequent after ACDF (33.1% PCM, 50.9% ACDF; P = 0.006) and
was the primary indication for the increase in late-term secondary
surgical procedures after ACDF.
Conclusion. The long-term results show good clinical outcomes
after ACDF and PCM arthroplasty. PCM patients showed greater
improvement in neck disability index and neck pain scores with a
lower rate of radiographical adjacent-level degeneration and a trend
toward fewer secondary surgical procedures. These data support
PCM arthroplasty to be a viable and sustainable alternative to ACDF.
Key words: cervical total disc replacement, PCM, ACDF,
arthroplasty, randomized clinical trial, long-term outcomes.
Level of Evidence: 1
Spine 2015;40:674-633

ervical total disc replacement has been studied as a
motion-preserving alternative to anterior cervical dis-
cectomy and fusion (ACDF). Several high-level clinical
trials have been performed and their 2-year results presented
with notable consistency.! Longer-term outcomes are now
becoming more widely available.t-13
The 2-year results of a US Food and Drug Administration
investigational device exemption (IDE) prospective, random-
ized clinical trial on a nonconstrained disc replacement device,
the PCM Cervical Disc (NuVasive Inc., San Diego, CA), ver-
sus ACDF have been reported.’ The results of the same trial
with complete follow-up out to 5 years and ongoing follow-
up up to 7 years are reported herein.
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MATERIALS AND METHODS

Study Design
A prospective, multicenter, randomized, institutional review
board—-approved clinical trial was conducted under a Food
and Drug Administration—approved IDE to compare the
safety and effectiveness of the PCM Cervical Disc with ACDF
with allograft and plate in treating patients with a degener-
ated cervical disc at 1 level from C3-C4 to C7-T1. The details
of the PCM device, surgical techniques of both treatment
groups, and the trial design were described in the publication
of the 2-year results.” A total of 416 patients were random-
ized (224 PCM, 192 ACDF) at 24 investigational sites within
the United States. Of the randomized patients, 218 PCM and
185 ACDF patients underwent surgical treatment between
January 2005 and December 2007, including 49 (29 PCM,
20 ACDF), approximately 12%, with prior adjacent or non-
adjacent single-level fusions. Patients were evaluated preop-
eratively, intraoperatively, immediately postoperatively, and
then at 1.5, 3, 6, and 12 months, and annually thereafter. Of
the treated patients, 163 PCM and 130 ACDF patients were
considered per protocol at 5 years postoperative. Observable
data were available through 7 years postoperative on 68 PCM
and 42 ACDF patients, among whom safety measures such as
adverse events and rates of secondary surgery are reported. A
flow diagram of patient accountability is presented in Figure 1.
Fisher exact test was used to compare categorical variables
and success rates between the PCM and ACDF groups. To com-
pare continuous variables, either the # test or the Mann-Whit-
ney-Wilcoxon test was used. To assess statistically significant
improvement within each treatment group from preoperative

PCM ACDF
Randomized 224 192
6 Not treated 7 Not treated
Treated 218 185
3 pODR comversions —| 1 Protocol deviation
1 Death
Per Protocol 211 184
Per Protocol
(Any 24-Month Data In Window) 189 153
Per Protocol
(24-Month Primary Endpoint) 189 151
Per Protocol
(Any 60-Month Data In Window) 160 128
Per Protocol
(60-Month Primary Endpoint) 163 130

Figure 1. Patients included in the long-term analyses are those who are
in the per protocol population, which is any 5-year data in window
or evaluable for the primary overall success endpoint. PCM patients
denoted as “ACDF conversions” were intraoperatively switched to un-
dergo the ACDF procedure because of surgical reasons. ACDF indi-
cates anterior cervical discectomy and fusion.
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to the latest visit, a paired ¢ test was used. Reported P values
are 2-sided and unadjusted for multiplicity. Statistical analyses
were performed using SAS software (Version 9.3 for Windows,
Copyright© 2002-2010, SAS Institute Inc., Cary, NC) and R
software (Version 3.01.1, Copyright© 2013, The R Founda-
tion for Statistical Computing, Vienna, Austria).

Clinical and Radiographical Outcome Assessments
Evaluations included patient-reported self-assessments,
physical and neurological examination, and quantitative and
qualitative radiographical analysis. Validated self-assessment
outcomes measures included neck disability index (NDI) (a
measure of pain-related dysfunction),'** 36-Item Short Form
Health Survey (SF-36) mental and physical general health sur-
veys (mental component summary and physical component
summary),'® and neck and arm pain scores on a 0- to 100-mm
visual analogue scale (VAS). Success on NDI, neck and worst
arm pain, and SF-36 scores was defined as a minimum 20%,
20-mm, and 15% improvement over the preoperative score,
respectively. Neurological examinations evaluated muscle
strength, sensory deficit, and reflex functions. Neurologi-
cal success was defined as the postoperative maintenance or
improvement in each of the individual neurological evalua-
tions compared with the preoperative status. Additional clini-
cal assessments included dysphagia (0- to 100-mm VAS) and
patient satisfaction (0- to 100-mm VAS and questionnaire).
All adverse event occurrences were recorded prospectively,
categorized, and evaluated for causality. Treatment group
trends were also assessed.

Plain radiographs were obtained and consisted of neutral
lateral and anteroposterior, flexion/extension, and lateral
bending films. Preoperative computed tomographic scans and
magnetic resonance images were also collected. All radio-
graphical analyses were performed by an independent radio-
graphical review service (Medical Metrics Inc., Houston, TX).
Fusion was defined as evidence of continuous bridging bone
between the adjacent endplates of the involved motion seg-
ment, radiolucent lines at 50% of the graft-vertebra interfaces
or less, and 2° or less segmental rotation on lateral flexion/
extension radiographs. Disc heights were measured at each
time point, and normal disc height defined as 80% or more
that of the disc superiorly adjacent to the index operative level.
Success in maintenance of disc height over time was defined
as measuring 80% or more of the postoperative height. Het-
erotopic ossification was classified as grade 0 (none) through
grade IV (ankylosed).'” Signs of adjacent-level degeneration
were independently graded on the basis of observation of disc
height loss (compared with adjacent normal discs), presence
and size of osteophytes, and endplate sclerosis (thickening and
density compared with adjacent normal discs). Each observa-
tion was scored and a total score summed to within a range of
0 to 9.'% Total score was further categorized on a 4-point scale
of degeneration: 0 (none: total score of 0), 1 (mild: total score
of 1-3), 2 (moderate: total score of 4-6), and 3 (severe: total
score of 7-9). Rates of success on this measure were reported
and required no worsening of the score compared with pre-
operative baseline.
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RESULTS

Baseline patient demographics and treatment character-
istics have been previously reported, showing no differ-
ences between groups.” At 5 years, the overall follow-up
rate, based on the modified intent-to-treat population, was
74.8% (163/218) in the PCM group and 70.3% (130/185)
in the ACDF group. Observable data were available through
patients having reached 7 years postoperatively on 31.2%
(68/218) PCM and 22.7% (42/185) ACDF patients, among
whom safety measures such as adverse events and rates of
secondary surgery are reported.

Neck Disability Index

Mean NDI improved significantly over preoperative scores at
all postoperative time points in both treatment groups (P <
0.001). The mean improvement in NDI was greater in the
PCM group at all postoperative time points than in the ACDF
group (Figure 2), the difference increasing over time. Mean
NDI score at 5 years was significantly lower in the PCM
group (20.4 vs. 28.5; P = 0.001). At S years, NDI success,
defined as 20% improvement or more compared with preop-
erative score, was achieved by 85.0% in the PCM group com-
pared with 74.2% in the ACDF group (P = 0.026) (Table 1
and Figure 3).

Neck and Worst Arm Pain
Mean VAS pain scores improved significantly over preopera-
tive scores for all postoperative time points (P < 0.001) in

100 4 PCM
| * ACDF

90 i

80 1
7| P=0.470

50 —

NDI score

40 7 P=0.105

P=0.146

I ;

P=0.017 P=0.029 P=0.008 P=0.008

30

PCMn=| 187 180 184 186 187 179 168 160
ACDFn=| 151 148 139 146 151 144 128 128

T T T T T T T T
Preop 3 6 12 24 36 48 60 Mo
Visit
Figure 2. Comparison of mean NDI scores between the PCM and
ACDF groups. Only per protocol patients who have both a preopera-
tive and a 5-year NDI score are included, with sample sizes denoted
in the bottom panel. Error bars represent 95% confidence intervals
for the mean, and unadjusted P values are based on Mann-Whitney-
Wilcoxon test (2-sided). NDI indicates Neck Disability Index; ACDF,
anterior cervical discectomy and fusion.
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both treatment groups (Figure 4A,B). The mean neck pain
VAS score was lower in the PCM group at all postoperative
time points than that in the ACDF group, significantly so at
5 years (P = 0.002). Mean VAS scores for worst arm pain
were not statistically different between groups at any time
point (P > 0.05) (Figure 4B). At S years, success on VAS pain
scores, defined as a clinically significant change of 20 mm or
more compared with preoperative score, was not different
between groups for either neck pain (P = 0.502) or worst
arm pain (P = 0.070) (Table 1).

Short Form-36 Health Survey

At all postoperative time points for both the mean SF-36
physical component summary and mental component sum-
mary scores, both treatment groups improved significantly
over preoperative scores (P < 0.001) (Figure SA,B). At
5 years, 73.7% of the PCM group reported clinically signifi-
cant improvement of 15% or more in physical component
summary scores compared with 56.7% of the ACDF group
(P = 0.004), whereas 46.2% of the PCM group reported
clinically significant improvement in mental component sum-
mary scores compared with 54.3% of the ACDF group (P =
0.189) (Table 1).

Neurological Success

At 5 years, the neurological success rate was 92.4% (146/158)
in the PCM group compared with 87.5% (112/128) in the
ACDF group (P = 0.229) (Table 1).

Dysphagia

Mean VAS scores for swallowing difficulty at 5 years were
8.8/100 mm in the PCM group and 16.9/100 mm in the
ACDF group (P = 0.001) (Table 1).

Patient Satisfaction

At 5 years, the mean patient satisfaction VAS scores were
86.9/100 mm and 78.3/100 mm for the PCM and ACDF
groups, respectively (P = 0.005) (Table 1). When asked
whether they were satisfied with their 5-year outcomes,
88.8% of the PCM patients responded either “very” or
“moderately” satisfied, compared with 78.7% of those in
the ACDF group. Similarly, 94.4% and 85.0% would “defi-
nitely” or “probably” recommend the treatment in the PCM
and ACDF groups, respectively.

Serious Adverse Events
Serious adverse events within the first 2 years postoperative
were previously reported® and showed no statistical differ-
ence in incidence between the PCM and ACDF groups. New
serious adverse events between 2 years postoperative and cur-
rent follow-up (up to 7 yr) occurred in 45/214 (21.0%) as-
treated PCM patients and 33/190 (17.4%) as-treated ACDF
patients (denominators include crossover between treat-
ment groups). The majority of these events were systemic or
medical in nature, with 1 (0.5%) new device-related serious
adverse event in the PCM group and 2 (1.1%) in the ACDF
group.
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Summary of Clinical Effectiveness Endpoints at 5 Years

Component PCM (N = 163) ACDF (N = 130) P*
Clinical endpoints
Neck Disability Index (=20% improvement) 85.0% (136/160) 74.2% (95/128) 0.026
Neck Disability Index (=15-point improvement) 80.0% (128/160) 69.5% (89/128) 0.054
Neck Pain VAS (=20 mm improvement) 71.9% (115/160) 75.8% (97/128) 0.502
Worst arm pain VAS (=20 mm improvement) 80.6% (129/160) 71.1% (91/128) 0.070
SF-36 PCS (=15% improvement) 73.7% (115/156) 56.7% (72/127) 0.004
SF-36 MCS (=15% improvement) 46.2% (72/156) 54.3% (69/127) 0.189
Neurological success (maintained or improved) 92.4% (146/158) 87.5% (112/128) 0.229
Dysphagia swallowing VAS, mean (SD) mm 8.8 (15.7) 16.9 (24.2) 0.001
Myelopathy (Nurick; maintained or improved) 99.4% (156/157) 96.9% (124/128) 0.177
Patient satisfaction VAS, mean (SD) mm 86.9 (21.6) 78.3 (29.6) 0.005
Radiographical endpoints
Range of motion, mean (SD), degrees 5.2 (3.8) 0.5 (0.5) NA
Fusion ratet 6.0% (9/150) 94.4% (119/126) NA
Normal disc height (=80% of superior level) 94.9% (149/157) 82.9% (102/123) 0.001
Disc height maintenance (=80% of postoperative) 87.4% (132/151) 80.3% (94/117) 0.129
Incidence of adjacent-level degeneration'®
Superior 33.1% (48/145) 50.9% (54/106) 0.006
Inferior 49.2% (58/118) 51.7% (46/89) 0.779
Incidence of heterotopic ossification'”
Grade llI 6.7% (10/149) NA NA
Grade IV 6.0% (9/149)
Patients included are those who are in the per protocol (any 5-yr data in window or evaluable for the primary overall success endpoint) population.
*Fisher exact test (2-sided) for categorical variables and Mann-Whitney-Wilcoxon test (2-sided) for continuous variables.
tFusion defined as evidence of continuous bridging bone between the adjacent endplates of the involved motion segment, radiolucent lines at =50% of the
graft-vertebra interfaces, and =2° of segmental rotation on lateral flexion/extension radiographs.
ACDF indicates anterior cervical discectomy and fusion; VAS, visual analogue scale; SF-36, 36-Item Short Form Health Survey; PCS, physical component
summary; MCS, mental component summary; NA, not applicable.

Subsequent Secondary Surgical Interventions

As with other IDE clinical trials of cervical arthroplasty, sub-
sequent secondary surgical intervention (SSSI) was defined as
any revision, removal, reoperation, or supplemental fixation.
Through § years, 8.1% (17/211) patients in the PCM group
and 12.0% (22/184) patients in the ACDF group required an
SSSI (P = 0.237). At 7 years, these rates increase slightly to
8.5% (18/211) PCM and 13.0% (24/184) ACDF (P = 0.190)
(Table 2). The new events occurring between 2 and 7 years
included 6 removals of the PCM device for pain and/or device
migration, 3 of those after a trauma, and 1 ACDF for adjacent
segment disease. Four of the PCM removals were converted
to single-level ACDE, 1 to a 2-level ACDE and 1 to another
arthroplasty. In the ACDF group, 13 of the 14 late-term sec-
ondary surgical procedures were for adjacent-level degenera-
tion and 1 was performed for a pseudarthrosis. Patients were

Spine

treated with either revision and extension of fusion or cervical
arthroplasty.

Figure 6 illustrates the Kaplan-Meier curves comparing the
time to first occurrence of an SSSI between groups, showing
the incidence of SSSI at each time point out to 7 years. The
curves are not statistically different (P = 0.123) but begin sep-
arating at about 3 years where, as follow-up continues, there
is a greater probability of additional surgery in ACDF patients
than in PCM patients.

Radiographical Findings

At 5 years, the mean flexion/extension range of motion in
the PCM group was 5.2° (SD: 3.8°% range: 0°-16.1°) com-
pared with 0.5° (SD: 0.5°% range: 0°-4.1°) for the ACDF
group (Table 1 and Figure 7). The radiographical success rate
in the PCM group was 94.0% (141/150), with 6% (9/149)
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Figure 4. Comparison of mean neck pain visual analogue scale (VAS) score (A) and mean worst arm pain VAS score (B) between PCM and ACDF
groups. Only per protocol patients who have both a preoperative and a 5-year neck pain or worst arm VAS score are included, with sample sizes

denoted in the bottom panel. Error bars represent 95% confidence intervals for the mean, and unadjusted P values are based on Mann-Whitney-
Wilcoxon test (2-sided). ACDF indicates anterior cervical discectomy and fusion.
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Figure 5. Comparison of mean SF-36 physical component summary (PCS) (A) and mean SF-36 mental component summary (MCS) (B) scores
between PCM and ACDF groups. Only per protocol patients who have both a preoperative and a 5-year PCS and MCS are included, with sample
sizes denoted in the bottom panel. Error bars represent 95% confidence intervals for the mean, and unadjusted P values are based on t test
(2-sided). SF-36 indicates 36-Item Short Form Health Survey; ACDF, anterior cervical discectomy and fusion.

demonstrating grade IV heterotopic ossification with bony
ankylosis. The fusion rate in the ACDF group was 94.4%
(119/126).

Disc height at the operative level was within 80% of that
of preoperative adjacent levels in 94.9% of the PCM group

at 5 years, compared with 82.9% in the ACDF group (P =
0.001) (Table 1).

Degeneration at the superiorly adjacent disc level was
identified per radiographical protocol in 33.1% (48/145) of
PCM patients and 50.9% (54/106) of the ACDF patients

=2yr 2-5 yr >5 yr
PCM ACDF PCM ACDF PCM ACDF

Total 11 10 6 12 1 2
Removal (reason 8 10 6 12 2

below)

Pain 3 1 2

Device

migration, 4 4
subsidence
Ad(chent segment 6 1 2
isease

Nonunion 3 1

Unknown 1
Reoperation

(additional 3

decompression)
Supplemental

fixation (adjacent 1

ACDF)
ACDF indicates anterior cervical discectomy and fusion.
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Figure 6. Kaplan-Meier curves comparing the time to first occurrence
of a subsequent secondary surgical intervention between groups.
ACDF indicates anterior cervical discectomy and fusion.

(P = 0.006) (Table 1). Degeneration at the inferiorly adja-
cent level was radiographically identified about equally in
both groups: 49.2% (58/118) in PCM and 51.7% (46/89) in
ACDF (P = 0.779).

Case Example

Figure 8 A-F shows the radiographical chronology of a 50-year-
old male who presented with significant neck and arm pain
(preoperative VAS scores of 77/100 and 91/100, respectively)
because of C6—C7 spondylosis and underwent cervical decom-
pression and arthroplasty using the PCM Cervical Disc. Preop-
erative (Figure 8A), immediate postoperative (Figure 8B), and
2-year (Figure 8C) lateral neutral radiographs showing good
postoperative restoration and maintenance of disc height and
alignment. Lateral neutral (Figure 8D), flexion (Figure 8E), and
extension (Figure 8F) radiographs at 4-year follow-up, show-
ing continued maintenance of correction, as well as continued
motion, despite mild (grade 1) heterotopic ossification posteri-
orly. The patient returned to all activities within 6 weeks, and
at 6 years after surgery, he reports no pain-related disability and
complete satisfaction with his treatment.

DISCUSSION

The results of the current study demonstrated excellent long-
term clinical outcomes in both the PCM and ACDF groups
in the treatment of symptomatic single-level cervical spon-
dylosis. Clinical outcomes with the use of the PCM Cervical
Disc were superior to instrumented anterior cervical fusion,
with significantly better mean NDI, VAS, and SF-36 scores;
higher NDI success rate; lower rate of prolonged dysphagia;
and greater patient satisfaction scores at 5 years of follow-up.

680  www.spinejournal.com
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Figure 7. Comparison of mean flexion/extension range of motion
(ROM) between the PCM and ACDF groups. Only per protocol pa-
tients who have both a preoperative and a 5-year ROM are included,
with sample sizes denoted in the bottom panel. Error bars represent
95% confidence intervals for the mean. ACDF indicates anterior cervi-
cal discectomy and fusion.

Cervical motion in PCM patients was maintained at 5 years.
In addition, patients undergoing arthroplasty with the PCM
Cervical Disc exhibited statistically lower rates of radiograph-
ical adjacent-level degeneration and incurred fewer second-
ary surgical procedures than ACDF controls out to 7 years,
representing the longest reported follow-up in the US cervical
arthroplasty IDE trials to date.

Results from several prospective, randomized clinical trials
of various cervical total disc replacement device designs have
been reported, all finding at least equivalent clinical outcome
measures, rates of secondary surgical interventions, and over-
all success compared with ACDF at 2 years of follow-up.'
In a meta-analysis of 2-year outcomes studies, pooled results
from 4 cervical disc replacement IDE trials concluded that
cervical arthroplasty was superior to ACDF on rate of neuro-
logical success, secondary surgical interventions, and overall
success, whereas at least equivalent on NDI success.!”” More
recently, S-year outcome data have started to be reported for
cervical arthroplasty.®** The current study supports the dura-
bility of results for the PCM arthroplasty device out to at least
5 years, with support for 7-year survivability.

Across multiple trials, including the current study, clinically
and statistically significant improvements in patient-reported
outcomes are shown after both fusion and cervical arthro-
plasty procedures, suggesting that both are clinically effective
treatment options for symptomatic cervical spondylosis. Inter-
estingly, however, some clinical measures seem to be superior
after cervical arthroplasty. Notably, higher mean NDI scores
and greater percentage of NDI success rates (>15-point or
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Figure 8. Radiographical results of a rep-
resentative PCM patient. Lateral neutral
radiographs at preoperative (A), immedi-
ate postoperative (B), and 2-year follow-
up visits (C). Lateral neutral (D), flexion
(E), and extension (F) radiographs at 4-year
follow-up.

>20% improvement from baseline) are consistently reported
for arthroplasty over fusion across all US IDE trials,-3%
although not always statistically different. Although patient
euphoric bias (having received a motion-preserving option in
a randomized trial us. fusion) has been suggested to be a factor
in 2-year results, it is unlikely that it continues to significantly
affect results 5 or more years after the randomization process
as was observed in the current trial.?* In the current study, the
differences between groups also increased over time, making
euphoric bias less likely, and perhaps explained by survivor-
ship analysis, which showed that fusion patients more often
presented with late-term onset of new symptoms, requiring
secondary surgery at the adjacent level. These findings suggest
that cervical arthroplasty may have a protective effect against
accelerated adjacent-level degeneration, which may translate
to patient-reported assessment of pain-related function.

Neck pain likely follows a similar pattern with benefit of
arthroplasty over fusion. Again, these results are consistent
across arthroplasty trials, in which improvement in neck pain
and maintenance of that improvement are better after arthro-
plasty, even while improvement in arm pain is similar between
groups. These results suggest that both procedures provide
effective neural decompression, but motion preservation may
provide better relief of neck pain, possibly associated with the
more physiologic regional kinematics?! or decreased adjacent
segment degeneration.

Another interesting finding in the current study was a
higher rate of dysphagia in the fusion group even at 5 years
postoperative. Prior studies have similarly reported lower
rates of dysphagia after cervical arthroplasty than those after
ACDE”" Suggested mechanisms include the absence of any

Spine

anterior profile of the PCM device that sits entirely intradiscal
compared with an anterior cervical plate. Others have sug-
gested that applying an anterior plate requires greater esopha-
geal retraction.?

In the current trial, both disc height and range of motion
at the index level were maintained up to 5 years after PCM.
Although heterotopic ossification has been raised as a con-
cern for the long-term mobility of cervical disc replacements,
only 6% of PCM patients were classified as grade IV or anky-
losed at 5 years postoperative, or alternatively, 94% of PCM
patients maintained at least 2° of flexion-extension motion,
with an average of 5.2°. Loss of disc height was seen early
in the postoperative follow-up period in the ACDF group,
continuing to decrease through 12 months but then without
significant decrease at later time points where it is presumed
that the levels fused in the subsided position. Loss of lordosis
due to subsidence can cause axial pain and stresses at adjacent
levels.? Indeed, a higher incidence of radiographical degen-
eration of the superiorly adjacent segment was observed after
ACDF than that after PCM. This trend was seen at 2 years
and continued to a significant degree out to 5 years. It should
be noted, however, that not all radiographically identified
degeneration is necessarily symptomatic or requiring surgical
intervention. In the current study, the incidence of second-
ary surgery was lower for PCM patients than that for ACDF
patients, even out to 7 years, as the survivability curves of each
treatment diverge in favor of arthroplasty starting at about
3 years postoperative and continue to separate as an increas-
ingly greater number of ACDF patients require additional sur-
gical procedures, mainly for adjacent-level symptoms. These
results are similar to those reported in other long-term reports
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of cervical arthroplasty. The rates of reported combined late-
term secondary surgical procedures (at index and adjacent
levels) are in the range of 2.9% at 5 years for the ProDisc-C
device,” 6.9% at 5 years for the Prestige disc,® and 7.9% at 4
years for the Bryan disc'? versus 14.5%, 15.8%, and 8.6%
of respective ACDF controls. Although cost metrics were not
directly studied in this trial, given that repeat surgery is the
primary driver of cost after an index surgery, these results lend
support to arthroplasty as a cost-effective treatment option,
assuming similar costs at intervention and fewer costs and
better maintenance of treatment in the long term.

The follow-up rates in the current trial (75% PCM, 70%
ACDF) compare favorably with what has been reported in
these other long-term cervical arthroplasty studies: 74.8%
Bryan disc versus 62.4% of controls,'? 72.7% ProDisc-C ver-
sus 63.5% of controls,” and 52% Prestige disc versus 48% of
controls,® lending strength to these results.

Overall, this prospective, multicenter, randomized Food
and Drug Administration—-approved IDE clinical trial found
that cervical disc arthroplasty with the PCM Cervical Disc
provides sustainably effective treatment of symptomatic sin-
gle-level cervical spondylosis. Compared with instrumented
anterior cervical fusion, equivalent or better clinical outcomes
were achieved while preserving cervical motion. In addition,
PCM patients had improved function, lower rate of prolonged
dysphagia, and greater patient satisfaction at 5 years postop-
erative, with a lower incidence of adjacent-level degeneration
and secondary surgical procedures out to 7 years postopera-
tive. These results confirm prior reports of clinical success
after cervical arthroplasty and support the role of the PCM
Cervical Disc as an effective alternative to ACDF.

> Key Points

O Both PCM arthroplasty and ACDF resulted
in excellent long-term clinical results in
the treatment of single-level degenerative
spondylosis with or without prior fusions.

O At years, the PCM group showed greater
improvements in neck pain, NDI, and general
health, and higher patient satisfaction than
the ACDF cohort. Rates of adverse events and
secondary surgical procedures trended lower in
the PCM cohort out to current follow-up of 7 years.

U Radiographical metrics showed stability of PCM
treatment over time, with continued motion
(flexion/extension range of motion at the index
level averaged 5.2° [SD: 3.8 range: 0°~16.1°] at
5 yr), and no significant increase in heterotopic
ossification or loss of disc height since 2-year
results.

O Cervical arthroplasty is thought to protect
adjacent levels; at 5 years, signs of adjacent-level
degeneration were identified in statistically fewer
levels adjacent to PCM than to ACDF (P = 0.006).
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