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Object. There are now 3 randomized, multicenter, US FDA investigational device exemption, industry-sponsored studies
comparing arthroplasty with anterior cervical discectomy and fusion (ACDF) for single-level cervical disease with 2 years of
follow-up. These 3 studies evaluated the Prestige ST, Bryan, and ProDisc-C artificial discs. The authors analyzed the combined
results of these trials.

Methods. A total of 1213 patients with symptomatic, single-level cervical disc disease were randomized into 2 treatment
arms in the 3 randomized trials. Six hundred twenty-one patients received an artificial cervical disc, and 592 patients were
treated with ACDF. In the three trials, 94% of the arthroplasty group and 87% of the ACDF group have completed 2 years of
follow-up. The authors analyzed the 2-year data from these 3 trials including previously unpublished source data. Statistical
analysis was performed with fixed and random effects models.

Results. The authors’ analysis revealed that segmental sagittal motion was preserved with arthroplasty (preoperatively
7.26° and postoperatively 8.14°) at the 2-year time point. The fusion rate for ACDF at 2 years was 95%. The Neck Disability
Index, 36-Item Short Form Health Survey Mental, and Physical Component Summaries, neck pain, and arm pain scores were
not statistically different between the groups at the 24-month follow-up. The arthroplasty group demonstrated superior results
at 24 months in neurological success (RR 0.595, I> = 0%, p = 0.006). The arthroplasty group had a lower rate of secondary
surgeries at the 2-year time point (RR 0.44,12=0%, p =0.004). At the 2-year time point, the reoperation rate for adjacent-level
disease was lower for the arthroplasty group when the authors analyzed the combined data set using a fixed effects model (RR
0.460, 1> = 2.9%, p = 0.030), but this finding was not significant using a random effects model. Adverse event reporting was
too heterogeneous between the 3 trials to combine for analysis.

Conclusions. Both anterior cervical discectomy and fusion as well as arthroplasty demonstrate excellent 2-year surgical
results for the treatment of 1-level cervical disc disease with radiculopathy. Arthroplasty is associated with a lower rate of
secondary surgery and a higher rate of neurological success at 2 years. Arthroplasty may be associated with a lower rate of
adjacent-level disease at 2 years, but further follow-up and analysis are needed to confirm this finding.
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NTERIOR cervical discectomy and fusion is an ef-
fective surgical treatment for symptomatic cer-

vical radiculopathy and is associated with very

Abbreviations used in this paper: ACDF = anterior cervical dis-
cectomy and fusion; BMI = body mass index; IDE = investigational
device exemption; MCS = Mental Component Summary; NDI =
neck disability index; NNT = number needed to treat; PCS = Physi-
cal Component Summary; ROM = range of motion; RR = relative
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analog scale; WMD = weighted mean difference.
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high patient satisfaction scores and a 95% arthrodesis
rate.>'322 However, the drawbacks of ACDF include a
loss of segmental motion and the need for reoperations
at either the index level (for pseudarthrosis treatment) or
at the adjacent level (for adjacent-segment disease treat-
ment). These issues led to the development of cervical
arthroplasty 131417

The first 3 large, multicenter, noninferiority, prospec-
tive, randomized US FDA-approved IDE studies have
been published comparing cervical arthroplasty with
ACDEFE.>215 Each of these 3 trials compared an artificial
disc (Bryan, Prestige ST, or ProDisc-C) to a single-level
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ACDEF with allograft and plating. All 3 trials applied sim-
ilar inclusion and exclusion criteria. All trials used simi-
lar clinical outcome measurements, and only these trials
have published at least 24 months of follow-up data.

The study objective was to combine the currently
available data from these 3 IDE trials.>'?!5 A combined
analysis of these randomized, controlled trials has several
potential advantages including a higher statistical power
to detect an effect than an individual study alone, superior
generalization to the population, and improved ability to
control study variations.

Methods

Only randomized, controlled, multicenter, prospec-
tive US IDE trials comparing single-level cervical arthro-
plasty with ACDF that included more than 100 patients
in each study arm and had at least 24 months of follow-
up published in peer-reviewed journals were included in
this analysis.>'>!> We chose US FDA IDE studies as they
were relatively homogeneous in their inclusion and exclu-
sion criteria and in their outcome measures and follow-
up parameters. We did not include unpublished abstracts,
underpowered small series, non-FDA studies, or reports
of interim (< 2 years) results from selected institutions in
this analysis.!-3+16.18-21.23

The 3 trials that satisfied our criteria were the Pres-
tige ST trial (Medtronic),”? the Bryan disc trial (Medtron-
ic),’> and the ProDisc-C trial (Synthes).!”> One or more
coauthors from each of these trials participated in this
analysis. The coauthors had access to unpublished as well
as published summary data from each of these trials. We
obtained unpublished, original summary data from each
of the trials to complete our analysis.

Statistics were calculated utilizing fixed effects and
random effects assumptions to calculate a pooled RR for
categorical variables and WMD for continuous variables.
A random effects model typically yields a more conser-
vative effect estimate. Given that the trials were studying
different devices, we thought it prudent to use both meth-
ods in our analysis. If the 2 approaches yielded similar
results, we presented the fixed effects model only. How-
ever, we presented both models if there was a difference
between the models. The I-squared statistic was calcu-
lated as an indicator of heterogeneity among studies. An
I-squared value was considered as low heterogeneity if
the value was between 0% and 40%. The statistics were
processed by STATA SE, version 9.2 (StataCorp.).

Artificial Cervical Discs and ACDF

The Prestige ST Cervical Disc, the Bryan Cervical
Disc, and the ProDisc-C were the 3 devices in the ex-
perimental groups, whereas the control group underwent
an interbody fusion with allograft with plate fixation uni-
formly in the studies.

Study Designs

All studies were prospective, randomized, and mul-
ticenter noninferiority studies conducted under an FDA-
approved IDE to assess the safety and effectiveness of
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each artificial disc (compared with single-level ACDF).
In the ProDisc-C study, the last observation was not car-
ried forward. In the Prestige ST and Bryan studies, the
last observation carried forward was used for patients
who underwent secondary surgery that was defined as
a treatment failure. The last observation carried forward
was not used for lost to follow-up.

Inclusion and Exclusion Criteria

The Prestige ST study included patients older than 18
years with single-level symptomatic cervical spondylosis
between the C-3 and C-7 levels who presented with in-
tractable radiculopathy or myelopathy or both. The Bryan
study included patients older than 21 years with cervical
disc herniation between C-3 and C-7 with intractable radic-
ulopathy or myelopathy. The ProDisc-C studied included
patients between 18 and 60 years of age with symptomatic
cervical spondylosis between C-3 and C-7 resulting in in-
tractable radiculopathy, myelopathy, and neck pain.

Exclusion criteria were nearly identical among the
studies. The studies excluded patients with multilevel cer-
vical spondylosis, evidence of cervical instability (sagittal
plane translation of greater than 3.0-3.5 mm or sagittal
plane angulation of greater than 20° at a single level), se-
vere spondylosis, marked reduction or absence of motion,
collapse of the intervertebral disc space of greater than
50% of its normal height, and metabolic bone diseases.

Clinical Outcome Assessments

The data were extracted for pooling by 2 independent
coauthors (C.D.U. and J.C.W.). These independent coau-
thors were not coinvestigators in any of the 3 trials. The
time points extracted included data prior to the operation
and data at 24 months postsurgery. The NDI, SF-36 (in-
cluding MCS and PCS), and scores for neck and arm pain,
including frequency and intensity, were pooled for analy-
sis. The Prestige ST and Bryan studies used a numerical
rating scale from O to 10. The ProDisc-C study used a
100-mm VAS. The arm and neck composite scores were
calculated differently between the Prestige ST and Bryan
studies. The Prestige ST trial reported a composite score
by multiplying the intensity and frequency scores, there-
by having a composite score with a value between 0 and
100. The Bryan study summed the scores, divided by 20,
and then multiplied by 100%. Therefore, the scores could
range from 0% to 100%. Finally, the ProDisc-C study
reported VAS intensity and frequency scores separately.
Per the FDA’s parameters, in all 3 FDA IDE trials, the
“neurological success” was defined as the maintenance
or improvement in each of the neurological evaluations
including sensory, motor, and reflex functions. Failure in
any one of the evaluations deemed the case a neurological
failure for that time point.

Surgical outcome data were also evaluated. Specifi-
cally, the number of supplemental, revision, replacement,
removal, and adjacent-segment level surgeries were eval-
uated and compared. The secondary surgical procedure
classification used the US FDA criteria, which defined
such surgeries as follows: 1) revision: adjusts or modi-
fies the original implant configuration (such as change of
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screw length); 2) removal: removes one or more compo-
nents of the original implant, replacing with a different
type of implant (such as removal of an artificial disc and
replacement with a fusion with plating); 3) supplemental
fixation: additional spinal devices not approved as part
of the protocol are placed (for example, posterior lami-
nar wiring); and 4) reoperation: any surgical procedure
at the treated level that does not remove, modify, or add
any components (for example, a cervical foraminotomy).
We elected to perform a combined analysis of revision
surgery, removal surgery, supplemental surgery and re-
operation since some categories would be more specific
to one arm or another (for example, it would be unlikely
for a patient receiving an arthroplasty to undergo supple-
mental fixation). While the FDA considered an external
bone stimulator a form of supplemental fixation, we did
not include patients receiving this therapy in this analysis.

In FDA IDE trials, adverse events are any adverse
change in the condition of the patient involved in the clin-
ical trial. Adverse events are classified in multiple ways
including severity and relatedness. In the ProDisc-C trial
the surgical investigator determined the relatedness of the
adverse event to the surgery or device. In the Prestige ST
and Bryan studies, there was a review process by 2 sepa-
rate teams that determined the severity, relatedness, and
so on of the adverse event. It is possible that the same ad-
verse event could then have been differently categorized
between the trials. We were unable to obtain and homog-
enize the actual adverse events for the 1213 patients in the
trials. Therefore, due to the heterogeneity in adverse event
reporting, we could not perform a combined analysis of
adverse events. This issue regarding the heterogeneity of
adverse events has been reported in the medical litera-
ture.”-8:10

Return to Work

The Prestige ST and the Bryan studies collected in-
formation regarding time to return to work. The ProDisc-
C study collected return-to-work status information at
follow-up but did not obtain the exact number of days
postoperatively that the patient returned to work. There-
fore, a patient who was working at the 6-month follow-
up appointment could have started working at 3.5 or 5.5
months. This difference in reporting in the trials made it
difficult for us to analyze the return-to-work data.

Radiographic Outcome Measurement

In the trials, plain radiographic studies were obtained
preoperatively and postoperatively for comparison. Neutral
and dynamic (flexion and extension) lateral radiographs
were used to evaluate for segmental motion of the cervical
spine as well as device function. Radiographic outcomes
reported at 24 months were combined for analysis.

The ProDisc-C trial had a somewhat stricter defini-
tion of fusion, requiring less than 2° of motion on flexion-
extension radiographs and no implant loosening (halo/ra-
diolucency). The Prestige ST and Bryan studies accepted
less than 4° of motion on flexion-extension radiographs.
Both are accepted radiographic assessments of solid fu-
sion in the cervical spine.
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Patient Demographic Data

By pooling the 3 clinical trials, a total of 1213 pa-
tients (621 in the arthroplasty groups and 592 in the
ACDF groups) were analyzed. The follow-up rates at 24
months were 94% in the arthroplasty groups and 87% in
the ACDF groups (Table 1). Patient demographics were
not clinically different between the ACDF and arthro-
plasty groups. The mean age in years of the arthroplasty
group among the Prestige ST, Bryan, and ProDisc-C stud-
ies was 43.3 +7.8,44.4 + 8.8, and 43.5 + 7.1, respectively.
The mean age in years of the ACDF group was 43.9 = 8.5,
447 + 6.8, and 42.1 = 8.4, respectively. The mean BMI in
the arthroplasty group among the Prestige ST, Bryan, and
ProDisc-C studies was 28.1 = 5.6,26.6 = 4.8, and 27.3 +
5.5, respectively. The mean BMI in the ACDF group was
28.3 +5.1,27.6 £ 5.0, and 26.4 + 5.3, respectively. Means
are presented as mean = SD. The percent male popula-
tion ranged from 44.7% to 51.1% across both arms of all
studies.

In the Prestige ST study, the percentage of patients
with workers’ compensation claims was 11.6% of the ar-
throplasty group and 13.2% of the ACDF group. In the
Bryan study, the percentage of patients with workers’ com-
pensation claims was 6.2% and 5.0% for the arthroplasty
and ACDF groups, respectively. In the ProDisc-C study,
the percentage of patients with workers’ compensation
claims was 14.6% and 8.5% in the arthroplasty and ACDF
groups, respectively. The percentage of patients involved
in litigation in the Prestige ST study was 10.9% (arthro-
plasty group) and 12.1% (ACDF group). The percentage of
patients involved in litigation in the Bryan study was 2.5%
(arthroplasty group) and 2.7% (ACDF group). Finally, the
percentage of patients involved in litigation in the ProDisc-
C trial was 2.9% (arthroplasty group) and 3.8% (ACDF
group). Workers” compensation was defined in all studies
as currently receiving workers’ compensation. Litigation
was defined as unresolved litigation.

Finally, the percentage of patients using tobacco in
the Prestige ST study was 34.4% (arthroplasty group) and
34.7% (ACDF group). In the Bryan study, the percentage
of patients using tobacco was 26% (arthroplasty group)
and 24% (ACDF group). In the ProDisc-C study, the per-
centage of patients using tobacco was 34.9% (arthroplas-
ty group) and 33.0% (ACDF group). Study data did not
allow for an analysis of differences in fusion rates based
on smoking status.

These demographic variables (including mean age,
sex, tobacco use, patients receiving workers’ compensa-
tion, patients with unresolved litigation, mean BMI, and
preoperative and 24-month working status) were similar

TABLE 1: The 24-month follow-up rate

No. of Patients (%)

Trial Arthroplasty ACDF
Prestige ST 253 (91.7%) 220 (83.0%)
Bryan 230 (95.0%) 194 (87.8%)
ProDisc-C 101 (98.0%) 100 (94.3%)
combined 584 (94.0%) 514 (86.8%)
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TABLE 2: Demographic comparisons of the studies*

Prestige ST Bryan ProDisc-C

Parameter Arthroplasty ACDF Arthroplasty ACDF Arthroplasty ACDF
mean age (yrs) 43.3 43.9 444 447 43.5 421
% male 46.4% 46.0% 45.5% 51.1% 46.2% 44.7%
workers’ compt 11.6% 13.2% 6.2% 5.0% 14.6% 8.5%
litigationZ: 10.9% 121% 2.5% 2.7% 2.9% 3.8%
tobacco use 34.4% 34.7% 26% 24% 34.9% 33.0%
mean BMI 281 28.3 26.6 276 273 26.4
preop working status 65.9% 62.6% 64.5% 65.0% 82.5% 84.9%
24-mo working status 76.3% 75.9% 76.8% 73.6% 82.8% 80.0%

* Within each study there were no statistical demographic differences.

t Defined as currently receiving workers’ compensation.
1 Defined as unresolved litigation.

and are outlined in Table 2. Within each study there were
no statistical demographic differences.

Results

Clinical Outcomes of the Combined Analysis

Neck Disability Index. The NDIs in the arthroplasty
and the ACDF groups were reduced effectively at the
2-year follow-up compared with preoperative indices. At
24 months, while there appeared to be a trend favoring
arthroplasty (Fig. 1), the results were not statistically sig-
nificant with a WMD of -1.991 (95% CI -4.411 to 0.429,
p =0.107, I = 0%) (Table 3).

The SF-36 MCS and PCS Scores. The SF-36 MCS
and PCS scores demonstrated significant improvements
at the 2-year follow-up compared with preoperative
scores. The MCS score had no significant difference be-
tween the arthroplasty and ACDF groups at 24 months
with a pooled WMD of 0.485 (95% CI -0.865 to 1.834,

Prestige ST

p =0.502, I? = 0%) (Table 3). Likewise, the PCS demon-
strated no significant difference between the 2 groups at
24 months with a pooled WMD of 0.103 (95% CI -1.268
to 1.474, p = 0.153, I> = 46.8%; Fig. 2 and Table 3).

Neck Pain and Arm Pain Scores. The ProDisc-C
study used VAS sores to assess neck and arm pain. The
Prestige ST and Bryan studies used the numeric rat-
ing scale to assess neck and arm pain. There were sig-
nificant differences in how the neck pain and arm pain
scores were calculated and reported among the 3 studies.
To overcome this issue, we obtained raw summary data
from Medtronic and Synthes for neck and arm pain inten-
sity and frequency scores and converted the scores into a
homogenized form. The 24-month neck pain frequency
trended toward significance favoring arthroplasty, but did
not reach statistical significance, with a WMD of -3.736
(95% CI -7.767 to 0.295, p = 0.069, 1> = 0%; Fig. 3). The
24-month neck pain intensity was not statistically signifi-
cantly different between groups with a WMD of -1.879
(95% CI -5.782 to 2.024, p = 0.345, I* = 32.2%; Fig. 3).

WMD

Bryan

ProDisc-C

Fixed Effects Model

Favors Arthroplasty

Favors ACDF

Fie. 1. Combined results of NDI favored arthroplasty without statistical significance. Fixed effects analysis presented. The

random effects model had similar outcomes.
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TABLE 3: Absolute numbers (means) of NDI, SF-36 MCS, SF-36 PCS, and neurological success rate

NDI SF-36 MCS SF-36 PCS Neurological Success Rate

Trial Group Preop 24 Mos Preop 24 Mos Preop 24 Mos 24 Mos
Prestige ST arthroplasty 55.7 20.0 42.4 446 31.9 49.5 91.6%
ACDF 56.4 224 42.7 44.4 32.0 50.2 83.6%

Bryan arthroplasty 51.4 16.2 423 5.7 32.6 479 93.9%
ACDF 50.2 19.2 446 517 31.8 46.3 90.2%

ProDisc-C arthroplasty 53.9 214 40.6 48.7 34.6 48.2 90.9%
ACDF 52.2 205 39.8 50.5 35.2 461 88.0%

The 24-month arm pain frequency also trended toward
significance between the groups, favoring arthroplasty,
but did not reach statistical significance, with a WMD of
—2.798 (95% CI -6.601 to 1.006, p = 0.149, I? = 0%; Fig.
4). The 24-month arm pain intensity was not statistically
significantly different between groups with a WMD of

-0.084 (95% CI -3.441 to 3.273, p = 0.961, I> = 0%; Fig.
4 and Table 4).

Neurological Success. The neurological success indi-
cated maintenance or improvement of neurological status
assessed via motor, sensory, and reflex examination. The

Wl\l/1[1)

Prestige ST

Bryan

ProDisc-C

Fixed Effects Model

Favors Arthroplasty ' Favors ACDF
WMD
Prestige ST
ProDisc-C ==
Fixed Effects Model <>
| ;
Favors Arthroplasty Favors ACDF

Fic. 2. The MCS (upper) and PCS (lower) scores of SF-36 for both arthroplasty and ACDF had no significant differences.
Fixed effects analysis presented. The random effects model had similar outcomes.
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WA

Prestige ST

Bryan

ProDisc-C

Fixed Effects Model

Favors Arthroplasty Favors ACDF

Whl/[D

Prestige ST

Biyan =

ProDisc-C .

Fixed Effects Model C>
E T

Favors Arthroplasty Favors ACDF

Fie. 3. Neck pain frequency (upper) and intensity (lower) had no significant differences between arthroplasty and ACDF.
Fixed effects analysis presented. The random effects model had similar outcomes.

absolute numbers of neurological success rate in all 3 tri-
als are reported in Table 3. At the 24-month follow-up,
neurological success favoring arthroplasty was noted to
be statistically significant with an RR of 0.595 (95% CI
0.411-0.862, p =0.006, I> = 0%; Fig. 5) utilizing fixed and
random effects models. Assuming a fixed effects model,
the NNT was 19 (95% CI 11-66).

Combined Secondary Surgery. Secondary surgeries
were defined as supplemental fixation, revision surgery,
removal surgery, reoperation at the index level, or sur-
gery for adjacent-level disease. We evaluated surgery for
supplemental fixation, revision, removal, and reoperation
together as all of these involved the index level (Table
5). Surgery for adjacent-level disease was evaluated sepa-
rately. This combined analysis for secondary surgery at
the index level did reach statistical significance favoring
arthroplasty with an RR of 0.44 (95% CI 0.26-0.77, p =
0.004, I> = 0%) by fixed effect model and an RR of 0.45
(95% CI 0.26-0.79, p = 0.005, I?> = 0%) when utilizing
random effect model (Fig. 6).
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Surgery for Adjacent-Level Disease. At the 24-month
follow-up, the Prestige ST trial had 14 patients (5.1%) in
the ACDF group and 4 patients (1.5%) in the arthroplasty
group who required surgery for adjacent-level disease. In
the Bryan study, 8 patients (3.6%) in the ACDF group and
7 patients (2.9%) in the arthroplasty group required sur-
gery for adjacent-level disease at the final 24 months fol-
low-up. Finally, in the ProDisc-C trial, no patients in the
arthroplasty group and only a single patient in the ACDF
group (0.94%) required surgery for adjacent-level disease.
The number of patients requiring surgery due to the de-
velopment of adjacent-level disease was combined, rather
than the number of levels or number of surgeries (Table
6). Utilizing the fixed effects model, there was a statisti-
cally significant reduction in the adjacent-level reopera-
tion risk favoring arthroplasty with an RR of 0.460 (95%
CI 0.229-0.926, p = 0.030, I?> = 2.9%; Fig. 7). However,
utilizing a random effects model, while there was a trend
toward significance favoring arthroplasty, the reduction
of adjacent-level reoperation failed to reach statistical sig-
nificance with an RR of 0.482 (95% CI 0.231-1.008, p =

221



C. D. Upadhyaya et al.

Prestige ST

Bryan

ProDisc-C

Fixed Effects Model

Favors Arthroplasty Favors ACDF
WMD
Prestige ST *
Bryan
ProDisc-C ]
Fixed Effects Model <>
I
Favors Arthroplasty Favors ACDF

Fic. 4. Arm pain frequency (upper) and intensity (lower) had no significant differences between arthroplasty and ACDF. Fixed
effects analysis presented. The random effects model had similar outcomes.

0.052, 12 = 2.9%; Fig. 7). Assuming a fixed effects model,
the NNT would be 45 (95% CI 25-333).

Return to Work. The median return-to-work time
for patients in the experimental group was 45 days in the
Prestige ST trial, which was 16 days fewer than the con-
trol group. A similar result was observed in the Bryan
trial (48 days for the experimental group and 61 days for
the control group), and the ProDisc-C trial did not report
the specific number of days to return to work. Instead,
the ProDisc-C trial reported timeframe ranges for return
to work.

Radiographic Outcomes

In the Prestige ST study, there were no reported cases
of implant failures, migrations, or subsidence found in the
artificial disc group at the 2-year time point. Only 1 patient
was reported to develop heterotopic ossification. The ar-
throplasty patients in the Prestige ST study were prescribed
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NSAIDs for 2 weeks after surgery. The arthroplasty group
in the Prestige ST study demonstrated an average angular
motion of 7.55° + 4.25° preoperatively and 7.73° + 4.38° at
24 months postoperatively. The ACDF group was noted to
have a fusion rate of 97.5% at 24 months.

In the Bryan clinical trial, the average angular mo-
tion was 6.45° + 3.43° preoperatively and 8.1° + 4.8° at
24 months postoperatively for the arthroplasty group. In
the Bryan study, the arthroplasty patients were prescribed
NSAIDs for 2 weeks after surgery, and no spontaneous
fusions were reported at 24 months. The ACDF group
demonstrated a 94.3% fusion rate.

In the ProDisc-C study, the arthroplasty group dem-
onstrated an average flexion-extension ROM of 8.4° =
4.9° preoperatively and 9.36° + 5.95° postoperatively. The
ACDF group achieved a 90.2% fusion rate. As previously
noted, the ProDisc-C trial had a more stringent definition
of fusion. Three (2.9%) of the patients in the arthroplasty
group developed heterotopic ossification at the index level
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TABLE 4: Absolute numbers (means) of neck and arm pain (intensity and frequency)*

Neck Pain Intensity

Neck Pain Frequency

Arm Pain Intensity Arm Pain Frequency

Trial Group Preop 24 Mos Preop 24 Mos Preop 24 Mos Preop 24 Mos
Prestige ST arthroplasty 7.8 2.5 8.5 31 72 2.2 76 2.5
ACDF 79 2.6 8.7 3.3 74 2.3 79 2.7
Bryan arthroplasty 7.0 2.1 8.1 2.5 6.8 1.9 7.6 2.0
ACDF 6.9 2.9 8.0 3.2 6.7 1.9 75 24
ProDisc-C  arthroplasty 73.0 25.7 85.9 34.0 63.9 20.2 70.6 20.9
ACDF 65.7 24.2 79.3 30.6 61.0 17.6 70.5 228

* The Prestige ST and Bryan studies utilized a numerical rating scale (0-10), whereas the ProDisc-C study utilized the 100-mm

VAS score.

(with resulting autofusion). Use of NSAIDs after cervi-
cal disc arthroplasty to minimize or prevent heterotopic
ossification was optional, and investigators were allowed
to follow their standard of care. The ProDisc-C patients
who developed heterotopic ossification with autofusion of
the index level did not exhibit any decline in functional
outcomes compared with patients with well-functioning
devices or successful fusions.

After pooling the data, the average angular motion
for the arthroplasty levels in the 3 trials at the 24-month
postoperative time point was 8.14° + 4.86°. The overall fu-
sion rate for the pooled ACDF patients was 95% (without
any angular motion) (Table 7). These findings indicated
that the artificial disc successfully maintained the physi-
ological segmental ROM at the index level of surgery at
24 months and the ACDF did not (Fig. 8).

Discussion

Each of the 3 trials included in this analysis was in-
dustry supported and was exclusively focused on a single
device (Prestige ST, Bryan, or ProDisc-C). The trials we
analyzed were all FDA-regulated IDE studies of very

Prestige ST

similar designs. They were all prospective, randomized,
and multicentered (32 centers for Prestige ST, 30 for
Bryan, and 13 for ProDisc-C). We elected to use large (>
100 patients in each arm), English-language, randomized,
multicentered, published studies with at least 24 months
of follow-up and with similar outcome measures. Fur-
thermore, all included studies were FDA IDE trials. We
believed that this would allow for the best estimates of ef-
fect to compare arthroplasty with ACDF. While publica-
tion and language bias remain a potential consideration,
studies that were not included were either very small, had
short follow-up, were not Class I, or were not published in
the English language.

The difference between fixed effects analysis and
random effects analysis should be explained. The as-
sumption underlying a fixed effects analysis is that the
same (that is, “fixed”) effect is present in all studies being
evaluated. For example, in this analysis, a fixed effects
model assumes that the RR of adjacent-segment disease
is the same across all studies. Another way of looking at it
is that if the studies were infinitely large, they would yield
the identical result regarding adjacent-level disease. A
random effects analysis assumes that the 3 trials are mea-

RR

Bryan

ProDisc-C

|
|
Fixed Effects Model

<>

Favors Arthroplasty

Favors ACDF

Fie. 5. The neurological success rate at 24 months postoperatively was better after arthroplasty than after ACDF. Fixed effects
analysis presented. The random effects model had similar outcomes.
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TABLE 5: Secondary surgery at the index level
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Index-Level Secondary Op

Trial Group No. of Patients Revision Supplemental* Removal Reoperation Combined
Prestige ST arthroplasty 276 0 0 6 4 10
ACDF 265 5 3 1" 2 21
Bryan arthroplasty 242 1 0 3 2 6
ACDF 221 0 5 3 1 9
ProDisc-C  arthroplasty 103 0 0 2 0 2
ACDF 106 5 3 0 1 9

* Supplemental fixation excluded the use of external bone stimulator.

suring different treatment effects, but that the treatment
effects have a distribution around some central value. A
random effects model is also likely to result in a more
conservative estimate. While the 3 trials are structured
similarly, they do have some differences and are using
3 different cervical arthroplasty devices. Therefore, we
thought it was prudent to evaluate using fixed effects and
random effects models, presenting both sets of data when
significant differences were noted.

The artificial discs included in this analysis were the
Prestige ST, Bryan, and ProDisc-C. There are differences
in the design of these discs.” The Prestige ST is a metal-
on-metal, ball-and-trough design made of stainless steel
with 2 flanges for vertebral screw fixation to the cephalad
and caudad vertebral bodies. The Bryan disc is a coupled
titanium alloy surface/shell with a polyurethane “nucle-
us.” ProDisc-C is manufactured with 2 cobalt-chrome
endplates with sagittal keels for fixation in the cephalad
and caudad vertebral bodies. The core artificial joint sur-
face is made of a polished concave cephalad component
that rides on a curved ultra—high molecular weight poly-
ethylene insert fixed to the caudal part."

All 3 studies used noninferiority as the primary hy-
pothesis, in which the goal was to demonstrate the safety

Prestige ST

Bryan

and efficacy of the arthroplasty devices. The arthroplasty
group at 24 months was found to be noninferior to ACDF
in safety and efficacy in the studies. An additional ad hoc
hypothesis to testify the superiority of the device revealed
the benefit of arthroplasty compared with ACDF in terms
of overall success. Overall success, the primary end point,
is defined as maintenance of neurological status, absence
of adverse events (which included secondary surgeries
and excluded adjacent-level surgery), and a 15-point re-
duction in NDI. Overall success is an FDA-required cri-
terion for these 3 IDE trials. The overall success score is
dependent on the adverse events reporting and could not
be compared between the studies since we could not com-
pare adverse events. The top 3 adverse events reported in
each of the US FDA IDE trials are listed in Table 8.

The adverse events had variable definitions between
the Medtronic-sponsored trials (Prestige ST and Bryan)
and the Synthes-sponsored trial (ProDisc-C). In FDA
IDE trials, adverse events are any adverse change in the
condition of the patient involved in the clinical trial. Since
any reported change or side effect is considered an ad-
verse event (for example, headaches) during the period
of the clinical trial, it is difficult to directly compare the
incidence of clinically/surgically relevant adverse events

ProDisc-C +

Fixed Effects Model

Favors Arthroplasty

Favors ACDF

Fic. 6. The overall secondary surgeries, including revision, removal, supplemental fixation, and reoperations, were signifi-
cantly more likely to happen in the ACDF group at 24 months postoperatively. Fixed effects analysis is presented. The random

effects model had similar outcomes.
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TABLE 6: Surgery for adjacent-level disease

TABLE 7: Radiographic results

No.of  No. of Patients Requiring Op for

Trial Group  Patients Adjacent-Level Disease
Prestige ST arthroplasty 276 4
ACDF 265 14
Bryan arthroplasty 242 7
ACDF 221 8
ProDisc-C  arthroplasty 103 0
ACDF 106 1

between studies. Adverse events are classified in multiple
ways including severity and relatedness. Categories such
as “serious adverse events,” “possibly device-related ad-
verse events,” and “serious, possibly device-related ad-
verse events” are sometimes used in an attempt to present
the information in a clinically/surgically relevant manner.
These definitions, however, do not determine parameters
such as degree/length of dysphagia that is considered to
be serious. In the ProDisc-C trial, the surgical investiga-
tor determined the relatedness of the adverse event to the
surgery or device. In the Prestige ST and Bryan studies,
there was a review process by 2 separate teams that deter-
mined the severity, relatedness, and so on of the adverse
event. It is possible that the same adverse event could then
have been differently categorized among the trials. We
were unable to standardize the actual adverse events for
the 1213 patients in the trials. Therefore, because of the
heterogeneity in adverse event reporting, we could not
perform a combined analysis of adverse events.
Neurological success is another FDA parameter. The
neurological success indicated maintenance or improve-
ment of neurological status assessed via motor, sensory,
and reflex examination of the patient. The neurological
success scores were statistically greater for the arthro-
plasty patients at the 2-year time point. We suspect that
the “neurological success” of the arthroplasty patients
was better because there were fewer secondary surgeries
in the arthroplasty group. When patients need second-

RR
Prestige ST i
Bryan _E._
ProDisc-C E

Mean
24-Mo ROM (°)  24-Mo Fusion Rate
Trial Preop ROM (°)  (arthroplasty) (ACDF)*
Prestige ST 7.55 7.73 215 (97.5%)
Bryan 6.45 8.10 183 (94.3%)
ProDisc-Ct 8.40 9.36 90 (90.2%)
combined 7.26 8.14 488 (95.0%)

* Presented as the number of patients with rate in parentheses.

1 The ProDisc-C trial definition of fusion required less than 2° of mo-
tion on flexion-extension radiographs. The Prestige and Bryan study
definitions of fusion allowed for less than 4° of motion on flexion-exten-
sion radiographs.

ary surgeries, their neurological examination typically
reveals abnormal findings, and this is reflected in the pa-
tient’s neurological examination, which determines the
neurological success score.

Other differences existed between the 3 clinical tri-
als. The Prestige ST and Bryan studies had more than
twice the number of participants in each arm than the
ProDisc-C study. The Bryan study had a minimum age
limit inclusion criterion of 21 years old, while the Prestige
ST and ProDisc-C studies had a minimum age limit of 18
years old. The Bryan study included only cervical disc
herniation, whereas spondylosis was also included in the
other trials. In the ProDisc-C study, patients were blinded
until immediately postoperatively. In the Bryan study and
Prestige ST study, there was no blinding. We were unable
to obtain results to determine the number of patients who
declined intervention after randomization in the Prestige
ST study. The Bryan trial reported that 117 patients (37
patients randomized for arthroplasty and 80 randomized
for ACDF) declined intervention after learning the results
of randomization. Because of blinded study design, no
patient in the ProDisc-C study declined intervention after
randomization.

Perioperative NSAIDs were routinely prescribed in

Random Effects Model

Fixed Effects Model

=
>

Note: Weights (shaded boxes) represent random effects model

Favors Arthroplasty

Favors ACDF

Fie. 7. Adjacent-level surgeries were more likely to happen in the ACDF group at 24 months postoperatively with statistical
significance by the fixed effects model. When using the random effects model, there was a trend to favor arthroplasty. p = 0.052.
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LT. ERECT

Fic. 8. Examples of maintenance of ROM at the index level for each
artificial disc: Prestige ST (A), Bryan (B), and ProDisc-C (C). Exten-
sion (left) and flexion (right) dynamic lateral radiographs of the cervical
spine obtained during follow-up.

the Prestige and Bryan trials, but in the ProDisc-C study,
the use of NSAIDs was left to the investigator’s discre-
tion. The ProDisc-C study reported a small number of
heterotopic ossifications with 3 autofusions at the arthro-
plasty level.'® The radiographic definition of fusion for the
ACDF patients was motion less than 2° in the ProDisc-C
trial versus 4° for the other 2 trials. Thus, the ProDisc-C
had the lowest fusion rate at 90.2% for the control group
among the trials.

The ProDisc-C had the highest follow-up rate at 24
months of 98% (device) and 94.8% (control), Bryan had
95% (device) and 87.8% (control), and Prestige ST had
91% (device) and 83% (control). Cervical arthroplasty
demonstrated significantly better results compared with
ACDF at the 2-year time point in the following param-
eters: neurological success and combined secondary
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TABLE 8: Top 3 adverse events reported in each of the US FDA
IDE trials*

Reported % of Total AEs

Trial & AEs Arthroplasty ACDF

Prestige ST

neck &/or arm pain 52.5 491

othert 29.3 32.1

other paint 29.3 23.8
Bryan

neck &/or arm pain 455 40.3

othert 322 231

neurological§ 22.7 22.6
ProDisc-C

headache 17.5

neck pain 20.8

musculoskeletal 17.5 15.1

other op{ 19.8

gastrointestinal 15.5

* AE = adverse event.

T The total of miscellaneous, infrequent events (for example, nonspe-
cific chest discomfort, eye irritation, and goiter).

1 Alltypes of nonspinal and nonradicular pain (for example, headache).
§ All types of events related to the nervous system, including numb-
ness, tingling, and other disorders of the nervous system (for example,
Bell palsy or Parkinson disease).

1 Surgery not related to the cervical spine (for example, knee arthros-
copy or cesarean section).

surgeries (Table 9). Other outcome measures, including
NDI, SF-36 MCS, SF-36 PCS, and neck and arm pain
frequency and intensity scores were not significant (Table
9). The higher reoperation rate in the fusion group than in
the arthroplasty group could be explained by the inher-
ently higher rate of nonunion in the fusion group (requir-
ing additional surgery) than in the disc arthroplasty group
(in which the devices are inherently stable at the time of
implantation). In addition, inability of any of these studies
to truly blind the surgeon and patient to the surgery that
was done introduces the possibility of the existence of

TABLE 9: Summary of combined results

Item Favor
NDI not significant
SF-36 MCS not significant
SF-36 PCS not significant

neck pain frequency score  not significant

neck pain intensity score  not significant
arm pain frequency score  not significant
arm pain intensity score not significant

neurological success
all secondary op
op for ASD

arthroplasty, significantly
arthroplasty, significantly

arthroplasty, significance w/ fixed effects
model only
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significant surgeon bias or patient bias against reopera-
tion in the arthroplasty group. Thus, although the result
of the combined trials in regard to arthroplasty and reop-
erations is encouraging at this point, great care must be
taken when assessing the true significance of this result.

Surgery for adjacent-level disease was significantly
lower for arthroplasty when utilizing a fixed effects mod-
el, but significance was lost utilizing a more conservative
random effects model. Assuming a fixed effects model,
the NNT was 45 with a relatively broad 95% CI of 25—
333. There are multiple contributors to adjacent-segment
degeneration including genetics, the patient’s activity lev-
el, and biomechanical alterations of the cervical motion
segments. It is difficult to assess the relative contributions
of each of these issues to adjacent-segment degeneration.
Clinical trials with longer follow-up will be helpful to
further explore this issue.

Conclusions

The currently available 2-year data suggest that cer-
vical arthroplasty is a safe and effective alternative to
ACDF to treat patients with single-level cervical disc dis-
ease meeting the FDA inclusion and exclusion criteria.
Our analysis reveals that arthroplasty may decrease ad-
jacent-level surgery at 2 years, but further follow-up and
analysis are needed to confirm this finding. Our analysis
also reveals that arthroplasty is associated with fewer sec-
ondary surgeries at the 2-year time point.
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