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Study Design. Prospective randomized controlled trial.

Objective. This trial was designed to understand safety and ef-
fectiveness outcomes in subjects with three-level cervical degen-
erative disc disease treated with anterior cervical discectomy and
fusion (ACDF) alone or supplemented with a posterior cervical
fusion (PCF) performed using an investigational posterior cer-
vical stabilization system (PCSS).

Background. ACDF remains the most common surgical treat-
ment for cervical disc disease. Long-segment (3+ disc levels)
procedures are associated with increased risk of complications
including symptomatic nonunion. Supplementing ACDF with
PCF to form a circumferential cervical fusion (CCF) improves
biomechanical stability but increases the surgical burden for the
patient.

Materials and Methods. This multicenter study compared out-
comes in participants with three-level symptomatic cervical disc
degeneration treated with either ACDF or CCF. The CCF
procedure incorporated PCF with PCSS. The primary endpoint
was 12-month fusion success, defined by bridging bone across the
interbody and range of motion <2° across all treated disc levels.
The 24-month secondary endpoint was a composite of fusion

success, neck disability index (NDI) improvement, neurological
status success, and freedom from surgical revision.

Results. This protocol-defined interim analysis included 202
participants with 12-month outcomes and 116 participants with
24-month outcomes. Twelve-month fusion success was higher for
CCF (61/100, 61%) compared with ACDF (17/102, 17%)
(P<0.001). The 24-month secondary endpoint was also im-
proved with CCF compared with ACDF [51% (30/59) vs. 23%
(13/57); P=0.002]. Revision rates were lower for CCF (1/59, 2%)
compared with ACDF (13/57, 23%) (P <0.001), with 11 of 13
ACDF revisions addressing symptomatic nonunion. Adding
supplemental PCF with PCSS did not increase the rates of ad-
verse events (ACDF = 65%, CCF =46%, P =0.005).

Conclusions. This study represents the first randomized con-
trolled trial assessing treatment of three-level cervical disc dis-
ease. Long-segment ACDF demonstrated low fusion rates and
high rates of revision. Adding supplemental PCF with PCSS
improved fusion without increasing the risk of surgical compli-
cations.
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nterior cervical discectomy and fusion (ACDF) remains
the mainstay surgical procedure for treating cervical
radiculopathy and myelopathy, accounting for about 85% of
the ~180,000 cervical fusion procedures performed annually
in the United States.!-2 Patients typically report substantial
symptom amelioration, and follow-up imaging consistently
demonstrates radiographic evidence of solid arthrodesis for
cases requiring a one-level or two-level ACDF.34 However,
for degenerative changes requiring long-segment neural de-
compression (3+ level), anterior column stabilization alone
may be insufficient to handle the increased biomechanical
stresses across the fusion construct.>7 Consequently, long-
segment ACDF is associated with markedly higher rates of
nonunion, adverse events, and revision surgeries than one-
level and two-level ACDF procedures.$-13
In the absence of a solid arthrodesis, many patients
experience a relapse in symptoms.!4 To maximize the like-
lihood of a successful fusion, long-segment ACDF can be
augmented with posterior cervical fusion (PCF) to form a
circumferential cervical fusion (CCF). The attempt at im-
proving fusion with CCF must be balanced against risks
from added surgical burden from the supplemental proce-
dure, particularly for high-risk patients. The posterior cer-
vical stabilization system (PCSS) is an investigational
device used as part of PCF, developed to provide supple-
mental fixation while preserving soft tissue attachments of
the dorsal spine. A description of this technique has been
previously published in detail by Summerside et al !5 Lar-
atta ef al. 16 published a review summarizing outcomes of a
predicate device to PCSS where they reported that available
evidence suggested the device as a viable approach for
performing PCF, but that the quality of evidence was
lacking. The purpose of this prospective randomized con-
trolled IDE trial was to understand clinical and radio-
graphic outcomes through 24 months in patients treated for
three-level cervical degenerative disease and to evaluate the
potential improvements in fusion status when performing
CCEF using the investigational PCSS device.

MATERIALS AND METHODS
Trial Design

This was a randomized controlled trial conducted at
19 clinical sites across 13 states within the United States.
The study protocol was designed by the trial sponsor after
conferring with the US Food and Drug Administration
(FDA). Outcomes and definitions of success for primary
and secondary endpoints were influenced by previous FDA
regulated studies involving the cervical spine.!’-19 The
study protocol was approved by the FDA in March 2020
and conducted as an investigational device exemption
(IDE) trial [IDE G190235]. Research activities described in
this manuscript were reviewed, approved, and overseen by
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WCG IRB (Study ID# 20193399). The primary objective
was to evaluate the safety and effectiveness of CCF with
PCSS versus ACDF, in patients with three-level cervical
degenerative disc disease. This study was approved by the
institutional review board at each participating site and
participants provided written informed consent before any
study-related procedures. The trial was prospectively reg-
istered at ClinicalTrials.gov (NCT04229017).

Participants

Eligible participants included adults aged 18 to
80 years with symptomatic cervical degenerative disc dis-
ease at three contiguous levels (C3-C6 or C4-C7). All
participants had degenerative changes confirmed radio-
graphically with clinical diagnosis of radiculopathy,
myelopathy, or myeloradiculopathy of the cervical spine
with pain. Key exclusion criteria included prior cervical
spine surgery at the operative site, active infection, ma-
lignancy, or systemic disease affecting bone quality. A
complete listing of eligibility criteria is provided in the
Supplemental Material, Supplemental Digital Content 1,
http://links.lww.com/BRS/C699.

Interventions and Randomization

This trial compared ACDF with CCF in participants
with three-level discase. ACDF was performed using a
modified Smith-Robinson approach. Interbody material
was limited to manufactured structural allograft augmented
with locally harvested morselized autograft and deminer-
alized allograft bone matrix (limited to DePuy Synthes,
Seaspine Evo3, or Medtronic Grafton). The surgeon was
free to select their preferred anterior plate with a semicon-
strained design (rigid plate with two variable angle screws
placed using a unicortical technique at each level). A
complete list of manufacturers for allograft interbody
spacers and anterior plates is provided in the Supplemental
Material, Supplemental Digital Content 1, http://links.lww.
com/BRS/C699. Participants assigned to CCF received
supplemental PCF including the PCSS device (Fig. 1).

Randomization was stratified by age (under 65 yr
and 65 yr of age or older) and smoking history. Assign-
ment was known to investigators and their clinical teams
at the time of randomization, but was blinded to partici-
pants until after surgery.

Outcomes

The primary endpoint was fusion success at month
12, defined as evidence of bridging trabecular bone ad-
jacent to the graft across interbody endplates (using 1 mm
slice CT) and <2° segmental angular range of motion
(rROM, using dynamic flexion/extension radiograph] for
all visible levels treated. Radiographic outcomes were
determined from an independent third-party core imaging
lab (Medical Metrics Inc., Houston, TX).

The secondary endpoint was composite safety suc-
cess at 24 months. A participant was considered a success
if all the following criteria were met:

(1) Fusion success, defined the same as for the primary
endpoint.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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Figure 1. A and B, A longitudinal incision as small as 2 cm is made at the lowest level. At the surgeon’s discretion, a single incision
can be made midsagittal (shown) or bilateral incisions off sagittal inferior to the lowest level. Under the aid of fluoroscopy, a guide
tube is then anchored into the joint which allows access for a series of decorticators that prepare the joint and lateral mass for
fusion. C, The joint is then stabilized with the investigational device, a nonsegmental construct comprised of a cage packed with
demineralized bone matrix allograft and two integral fixation screws. D and E, Lateral and anteroposterior radiographs of CCF
subject taken at 12-month visit. A and B have been reproduced with permission from a prior publication.20

(2) Neck disability index (NDI) success, defined as
improvement in NDI of >15/50 points if baseline
score of >30/50 or a > 50% improvement if a baseline
NDI score of <30/50 (score of 0 is no pain and 50 is
maximum pain).

(3) Neurological success, defined as maintenance or
improvement of neurological status.

(4) Freedom from surgical reinterventions at all index
levels.

Neurological success was adjudicated by an in-

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

dependently managed clinical events committee (CEC)
comprised of three spine surgeons. Relationship of all re-
ported adverse events was also adjudicated by the CEC.
Exploratory endpoints included incidence of related
adverse events and incidence of adjacent segment degen-
eration (radiographic) or disease (clinical). Cranial and
caudal adjacent segments were assessed for signs of ra-
diographic adjacent segment degeneration (ASD). Pres-
ence of radiographic ASD was summarized for subjects
with complete imaging at month 24 who did not require
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subsequent revision surgery at any index levels. Scoring
for ASD was adjudicated at month 24 by the same labo-
ratory determining fusion outcomes. A post hoc assess-
ment of C2—C7 Cobb angle (CapeStart, Cambridge, MA)
was measured and compared between baseline and
24 months post-treatment. The presence of ASD and the
change in Cobb angle were summarized from all subjects
with complete 24-month imaging who did not require
subsequent revision surgery at any index levels.

Length of stay was reported as nights in hospital.
Operative durations were reported for each anterior and
posterior procedure as time between first incision to last
closure of each procedure. Total procedure time was re-
ported for CCF subjects and represented the time from the
first ACDF incision to last PCF closure. For subjects in
the ACDF arm, total procedure time and ACDF proce-
dure times were represented by the same measurement.

This report summarizes outcomes assessed during
the protocol-defined interim analysis (IA) and is based on
study data collected through December 29, 2023. Enroll-
ment was completed before IA with a total 227 partici-
pants being treated. At the time of IA, a total 202
participants contributed to 12-month outcomes of which
116 of those participants additionally contributed to the
final 24-month composite safety endpoint.

Statistical Methods

The primary hypothesis tested whether 12-month
fusion success was superior for CCF compared with
ACDF. The secondary endpoint was composite safety
success measured at 24 months. An interim analysis for
the secondary endpoint was planned when ~100 partici-
pants completed 24-month follow-up. Secondary endpoint
success was determined based on a test of noninferiority
for CCF against ACDF with a noninferiority margin of
15% at the IA. To account for this analysis, 0.5% of the
total one-sided type 1 error allowance of 2.5% was allo-
cated to the IA, with the remaining 2% reserved for the
final analysis. The secondary endpoint, 24-month com-
posite safety success, was estimated as 26% and 36% for
ACDF and CCEF, respectively.2! If 180 participants com-
plete 24-month assessments, the study will have 80%
power to show noninferiority of CCF to ACDF for the 24-
month composite safety endpoint with a 10% non-
inferiority margin.

Because study success required demonstration of
success for both the primary and secondary endpoint, no
type 1 error adjustment for multiplicity was required. The
analysis population contained all subjects who underwent
surgery before December 29, 2022. Participants were an-
alyzed by randomization assignment except for adverse
events. Responder rates for the primary and secondary
outcome variables as well as all subcomponents of each
outcome were compared between groups using X2 tests or
the Fisher exact tests, as appropriate.

RESULTS

From March 18, 2020 to August 15, 2023, 306
prospective participants were screened at 19 clinical sites
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with 227 meeting eligibility criteria and receiving treat-
ment (114 CCF, 113 ACDF). Of the 227 treated partici-
pants, 202 participants (100 CCF, 102 ACDF) were
included in the interim 12-month primary endpoint anal-
ysis, with 116 (59 CCF, 57 ACDF) additionally included
in the 24-month secondary endpoint analysis (Fig. 2).
Baseline characteristics were similar between arms and are
described in Table 1.

Results of the 12-month primary endpoint analysis
are provided in Table 2. Fight CCF participants and 11
ACDF participants that had missing 12-month imaging
were imputed as protocol-defined failures in the intent-to-
treat primary endpoint analysis. The fusion success rate
for participants treated with CCF (61/100, 61%) was sig-
nificantly higher than for ACDF participants (17/102,
17%) (P<0.001). The 44% difference in fusion rates
demonstrated superiority of CCF over ACDF (95% CI:
32.3-56.3). Outcomes were unaffected when comparing
only those with complete imaging in each arm. In the CCF
arm, 61/92 participants (66.3%) achieved success, which
was significantly higher than the 17/91 (18.7%) in the
ACDF arm (P<0.001). A breakdown of the number of
levels and relative location of nonunion is provided in
Table 3. There were no associations between participant
background characteristics and treatment effect for the
primary endpoint (Supplemental Material, Supplemental
Digital Content 1, http://links.lww.com/BRS/C699).

The 24-month secondary endpoint was achieved in
30/59 (50.8%) CCF and 13/57 (22.8%) ACDF partici-
pants, representing a statistically significant difference in
success rates of 28-percentage points (95% CI: 11.3-44.8,
P=0.002). When comparing only those with completed
24-month visits, the outcomes remained unchanged. In the
CCF arm 30/56 (53.6%) were successful, which was sig-
nificantly higher than the 12/51(23.5%) participants in the
ACDF arm (P=0.001). There were no associations be-
tween participant background characteristics and treat-
ment effect for the secondary endpoint (Supplemental
Material, Supplemental Digital Content 1, http://links.
lww.com/BRS/C699).

Fusion success remained significantly higher at
24 months for CCF participants (44/59, 75%) compared
with ACDF participants (19/57, 33%) (P <0.001). In ad-
dition to fusion success, the proportion of participants
requiring surgical revision was significantly lower for CCF
participants (1/59, 2%) compared with ACDF participants
(13/57, 23%) (P <0.001). Eleven of the 13 ACDF partic-
ipants who underwent surgical revision did so for treat-
ment of nonunion, as indicated by significant movement
on flexion/extension radiographs at the index levels, which
correlated with re-emerged symptoms not improved with
conservative treatments. The remaining two components
of the secondary composite endpoint, neck pain, and
neurological status, were not significantly different be-
tween treatment groups (Fig. 3). Successful improvement
in NDI was achieved in 39/56 (69.6%) of CCF and 30/52
(57.7%) of ACDF participants (P =0.196). Maintenance
or improvement of neurological status was observed in 53/
57 (93.0%) of CCF and 49/51 (96.1%) of ACDF partici-

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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Subjects Screened

(N=306)

ACDF Arm

Randomized

49 Did not meet eligibility or
declined to participate

CCF Arm

(N=257)

Randomized to ACDF (n=128)
113 Completed ACDF
1 Aborted
14 Did not meet eligibility or
declined to participate

Twelve Month Cohort (n=102)
95 Completed primary endpoint visit
4 Lost to follow-up
3 Death (pneumonia, cardiac event,
mixed drug intoxication)

Twenty-four Month Cohort (n=57)
52 Completed secondary endpoint visit
2 Deaths
3 Lost to follow-up

Figure 2. CONSORT diagram.

pants (P=0.682). Of the subjects requiring revision for
nonunion, prerevision NDI was an average of 20.9/50
(£10.6) and all had a maintained or improved neuro-
logical status when compared with baseline.

A summary of radiographic ASD severity is pro-
vided in Table 4. Evidence of severe, moderate, or mini-
mal degeneration at the most severe segment was similarly
identified in both arms (CCF =46.3%, ACDF =59.5%,
P=0.198). There were three instances of symptomatic
ASD in the ACDF group (2.9%) and four instances in the
CCEF group (4%) when assessed through 12 months. Of the
subjects followed through 24 months, there was one ad-
ditional instance of symptomatic ASD in the CCF arms
and two additional instances in the ACDF arm. There
were no differences in pre-operative C2-C7 Cobb angle
measurements between arms [median degrees (IQR);
CCF=6.0 4.7, 12.7), ACDF=7.6 (2.4, 11.1); P=0.26].
When assessed at 24 months, subjects treated with ACDF

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

Randomized to CCF (n=129)
112 Completed CCF
2 Completed ACDF
15 Did not meet eligibility or
declined to participate

Twelve Month Cohort (N=100)
95 Complete primary endpoint visit
1 Withdrawn by Investigator
1 Voluntarily withdrew
3 Lost to follow-up

Twenty-four Month Cohort (n=59)
57 Completed secondary endpoint visit
1 Voluntarily withdrew
1 Lost to follow-up

showed an average increase in lordosis by 1.5+8.5°
compared with an increase of 1.6 + 7.3° in the CCF group
(P=0.95).

Treatment with PCSS increased total estimated
blood loss by a median 10 mL (CCF =60 mL, ACDF =
50 mL, P=0.010) and added an average 98 minutes to the
total procedure time (CCF =227 min, ACDF =129 min,
P <0.001). This includes the time between procedures for
the CCF group. The PCF procedure itself required an
additional 47 minutes. There was no difference between
arms for manufacturer of anterior plate used (Supple-
mental Material, Supplemental Digital Content 1, http://
links.lww.com/BRS/C699, P=0.375) nor anterior screw
dimension (mean length, mm: ACDF=14.4%1.31,
CCF=144%+1.19, P=0.701; mean diameter, mm:
ACDF=4.011+0.22, CCF=4.02£0.20, P=0.721). There
was also no difference between arms for allograft manu-
facturer (Supplemental Material, Supplemental Digital
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TABLE 1. Baseline Background Characteristics by Treatment
CCF (N=114), ACDF (N=113),

Characteristic n (%) n (%) P
Age, mean (SD) (yr) 58 (9.2) 59 (9.9) 0.634
Female sex 70 (61.4) 60 (53.1) 0.206
Race 0.574
American Indian or 4 (3.5 1(0.9)
Alaskan Native
Asian 0 2 (1.8)
Black or African 10 (8.8) 13 (11.5)
American
Native Hawaiian/ 1(0.9) 1(0.9)
Pacific Islander
White 97 (85.1) 93 (82.3)
Other 2 (1.8) 2 (1.8)
Declined to respond 0 1(0.9)
Ethnicity 0.860
Hispanic or Latino 3(2.6) 4 (3.5)
Not Hispanic or 110 (96.5) 108 (95.6)
Latino
Declined to respond 1(0.9) 1(0.9)
Body mass index, mean 31 (6.0) 31 (5.5) 0.458
(SD) (kg/m?)
Current smoker 19 (16.7) 17 (15.0) 0.738
Diabetes 15 (13.2) 17 (15.0) 0.683
Rheumatoid arthritis 3(2.6) 3(2.7) 0.991

Content 1, http:/links.lww.com/BRS/C699, P =0.228),
profile (lordotic: ACDF=97.6% with mean angle of
6.5%0.62°, CCF =98.2% with mean angle of 6.5 0.68°,
Py, =0.513, Pangie=0.355), or height (mean height, mm:
ACDF=7.1%212, CCF=72%1.2, P=0.597). Length of
stay was similar between arms (CCF =1 night, ACDF =1
night, P=0.293). The treatment-related adverse event rate
through 12 months was significantly lower for CCF par-
ticipants (45/99, 46%) than for ACDF participants (67/
103, 65%) (P=0.005). A complete listing of related ad-
verse events is provided in the Supplemental Material,
Supplemental Digital Content 1, http://links.Iww.com/
BRS/C699.

DISCUSSION
In this randomized controlled trial evaluating three-
level cervical fusion for treatment of degenerative disease,
67% of participants treated with ACDF had radiographic
evidence of nonunion at one or more levels when assessed
at 24 months, with 23% requiring surgical reintervention.

Adding PCF reduced radiographic nonunion rates to 25%,
with 2% of participants requiring surgical reintervention
without increasing hospital length of stay or the incidence
of postoperative complications.

Long-segment cervical fusion is considered more
challenging with respect to achieving a solid arthrodesis,
although estimates of fusion success vary widely in the
literature.>9 Since commencing the IDE trial, retro-
spective studies have been published that indicate a sig-
nificant decrease in fusion for 3+ level treatment when
compared with shorter segment treatment. Nichols et al. 10
reported radiographic outcomes on three-level ACDF
patients at 18 to 24 months post-treatment and found that
only 11% of subjects achieved complete fusion, with the
caudal level most likely to fail. Wewel and colleagues
found that 42% of subjects treated with three-level ACDF
had nonunion at one or more levels with a quarter of
nonunion patients requiring subsequent revision surgery.
There are at least three interactions to consider that may
have contributed to lower-than-expected success in the
current cohort. First, using a core image laboratory with a
dual success criterion (bone bridging and ROM) can
greatly increase sensitivity to detecting nonunion over
more common definitions such as using a single-image
modality??2 or using investigators to determine radio-
graphic outcomes.?3 Second, the eligibility criteria for this
study enrolled participants with comorbidities that would
commonly exclude them from RCTs. Some of these in-
cluded low bone density (DEXA T-score up to -2.5), his-
tory of tobacco use, and high BMI, which may have
contributed to worse outcomes. The average age of par-
ticipants in this study was roughly a decade older than in
previously reported IDEs investigating two-level disease.24
Lastly, after discussions with the FDA during the initial
trial design, it was decided that all ACDFs were to be
performed using structural allograft interbody spacers.
There are sources of variability unique to structural al-
lograft when compared with PEEK or titanium. These
include differences in harvesting and manufacturing pro-
cesses as well as differences in bone mineral density, both
which may impact the biomechanical characteristics of
each implant. While each surgeon may have a preference
for interbody material, there is no strong consensus on
how alternative materials would have definitively im-
pacted arthrodesis. For example, Goldberg et al?5 per-

TABLE 2. Fusion Rates at 12 and 24 Months by Treatment

Month 12 visit

Month 24 visit

CCF (N =100), ACDF (N =102), CCF (N=59), ACDF (N=57),
Modified intent to treat (missing = failure) n (%) n (%) P n (%) n (%) P
Composite fusion: success 61 (61.0) 17 (16.7) <0.001 44 (74.6) 19 (33.3) <0.001
Bridging bone (CT) at all levels and no 63 (63.0) 22 (21.6) <0.001 47 (79.7) 19 (33.3) <0.001
revision*®
ROM <2’ (dynamic X-ray) at all levels 74 (74.0) 46 (45.1) <0.001 49 (83.1) 23 (40.4) <0.001

and no revision*

Participants with missing images were imputed as failures for that visit.
No revisions contributed to failures for CCF at either month 12 or month 24.

*There were two revisions contributing to ACDF failures at month 12 and 13 revisions at month 24.
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TABLE 3. Breakdown of 12-Month Nonunion Rates by Treatment*

CCF (N=92), n (%) ACDF (N=91), n (%) P
All levels fused 61 (66.3) 18 (19.8) <0.001
One level not fused 21 (22.8) 42 (46.2)
Two levels not fused 9 (9.8) 18 (19.8)
No levels fused 1(1.1) 13 (14.3)
Cranial level not fused 12 (13) 36 (39.6)
Middle level not fused 6 (6.6) 19 (21.1)
Caudal level not fused 24 (26.7) 62 (70.5)

*Values do not include participants with missing images or that required revision before the month 12 visit.

formed a systematic review of 34 eligible studies to com-
pare fusion outcomes of titanium, PEEK, and structural
allograft interbody spacers and found no evidence that one
material outperformed the others. Titanium had an aver-
age fusion rate of 87.3% (range = 84%-100%), PEEK had
an average of 92.8% (62%-100%), and structural allograft
had an average of 94.7% (82%—100%).

In addition, a radiographic failure should not im-
mediately be assumed to indicate a clinical failure for ei-
ther treatment paradigm. The low rate of radiographic
success observed in the ACDF group did not reflect how
many participants rated their symptom relief. When fol-
lowed through 24 months, most ACDF participants
maintained a clinically relevant improvement over base-
line according to NDI. While complete fusion at
24 months is correlated with better chance of sustained
symptom relief,26 there are cases where a stable nonunion
develops. Radiographic fusion alone may not best predict
clinical outcomes; however, instances of gross mobility at
one or more levels should not be ignored when considering
a patient’s long-term prognosis.

Observed revision rates in the current study com-
plement rates previously reported for three-level
ACDF,$13.27.28 with one study by Laratta et al.!3 report-
ing revision rates exceeding 35% when assessed through

24 months. The most common indication for revision was
to address symptoms related to nonunion (11/13, 85%).
Revision for nonunion was performed at the discretion of
the surgeon investigator after discussing all treatment
options with the subject. In all cases, surgical revision was
performed only after conservative treatments for re-
emergent symptoms were unsuccessful and evidence of
gross mobility at the index levels was confirmed radio-
graphically. It is important to acknowledge that all par-
ticipating surgeons were proficient in performing posterior
fusion with PCSS used in this trial, with some regularly
implementing the technique to revise symptomatic
nonunion.?%30 As a result, the reported rates of revision
for nonunion may be elevated when compared with rates
where the revision is performed with a repeat ACDF or
conventional open posterior approach.

Our results confirm previous research showing im-
proved radiographic outcomes for CCF over ACDF to
treat multilevel disease.%31-33 When considering supple-
mental posterior fusion, a surgeon must weigh the ben-
efits of improving fusion rates with the collateral risks of
additional surgery. Posterior fusion with a conventional
screw and rod approach introduces a large open incision
and extensive muscle dissection that leads to longer
procedures, increased blood loss, and prolonged hospital
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Figure 3. Frequency distributions of success rates by treatment for the 24-month secondary safety composite endpoint and
contributing components. Error bars represent 95% Cls. *P<0.01; **P<0.001.
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TABLE 4. Incidence and Severity of Radiographic Adjacent
Segment Degeneration by Treatment at 24-Month Visit*

CCF (N=59), ACDF (N =42),
n (%) n (%)
Most severe adjacent segment disease
Severe 4 (7.4) 6 (14.3)
Moderate 9 (16.7) 5(11.9)
Minimal 12 (22.2) 14 (33.3)
Doubtful 18 (33.3) 14 (33.3)
None 11 (20.4) 3(7.1)
Severe, moderate, or 25 (46.3) 25 (59.5)
minimalf

*Values do not include participants with missing images or that required re-
vision before the month 24 visit.
TP=0.198 between CCF and ACDF groups.

stays.34 These shortcomings collectively increase the
likelihood of complications including sepsis, wound in-
fection, need for blood transfusion, and pneumonia.35.36
One previous case study performed by Kramer et al.37
summarized outcomes in patients treated with CCF us-
ing a facet cage to treat degenerative disease at two or
more levels. They reported a total average estimated
blood loss of 70 mL and stayed an average one night in
hospital. There were no instances of adverse intra-
operative events, reoperations, or readmissions. Posteri-
or fusion with PCSS incurred an additional 10 mL of
blood loss with the entire CCF procedure requiring an
additional 98 minutes to complete when compared with
ACDF alone. Length of stay was indistinguishable be-
tween the groups and the added surgical burden in the
CCF group did not produce greater rates of post-
operative complications.

Spinal fusion represents the largest aggregate ex-
pense to payers across all surgical procedures.3® Including
posterior fusion with PCSS to an index ACDF increases
cost and requires greater time and resources from both
surgeon and hospital. However, results from the current
study suggest that including this additional up-front cost
significantly reduces the need for subsequent unplanned
surgical revisions. Compared with primary procedures,
revisions are often more complex and less likely to suc-
ceed, resulting in a larger cost per quality-of-life
improvement.394! Future efforts need to consider not
only surgical revisions, but all planned and unplanned
postoperative care between ACDF and CCF to better
understand the relative value of these approaches on
health care economics.

When placing instrumentation into the cervical
spine, a surgeon needs to be diligent to maintain, or re-
store sagittal lordosis, as this clinical outcome may directly
impact patient-reported outcomes.#?> When assessed at
24 months post-treatment, both arms showed similarly
marginal improvements in lordosis, suggesting that the
addition of posterior instrumentation had no observable
impact on alignment. These findings support a previous
cadaveric study by Havey et al.43 who reported that that
the addition of posterior instrumentation, combined with
an integrated anterior screw and cage construct, resulted
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in no change in segmental lordosis when compared with
the intact condition.

As an industry-sponsored IDE trial (funded by
Providence Medical Technology, Pleasanton, CA) there is
concern that favorable outcomes may be biased toward
the investigational arm. To mitigate these potential biases,
the responsibility of adjudicating outcomes contributing to
primary and secondary endpoint success was assigned to
independent parties with no investment in study outcomes.
Radiographic results were determined using validated
protocols from an independent core imaging laboratory44
and all safety and neurological outcomes were adjudicated
by an independently managed clinical events committee of
three board certified experts in orthopedic or neuro-
surgery. Another limitation is that the current findings are
based on a protocol-defined interim analysis triggered
when ~100 patients reached the 24-month evaluation in-
terval. An increase in participants followed through study
completion will allow for more confident understanding of
how differences in radiographic outcomes between groups
may explain variability in clinical and patient-reported
outcomes such as NDI, particularly for those with
asymptomatic nonunion. There are several risk factors
beyond long-segment disease that can influence the risk of
nonunion. Through stratification, smoking status and age
were balanced between arms. Other risk factors such as
systemic infection/disease or osteoporosis were listed as
contraindications for treatment with the PCSS and were
not eligible to be studied in the current design. Future
research should focus on how other well-documented risk
factors for nonunion are impacted when including PCSS
as part of a CCF procedure. The selection of anterior plate
technology can vary between manufacturers and models.
The current study attempted to minimize that source of
variability through limiting the features of the plates al-
lowed. All subjects were treated with a semiconstrained
anterior plate and screw construct. All plates were made of
ridged metal that allowed for two variable angle screws
per level placed using a unicortical technique. The types of
plate/screw constructs and the dimensions of the screws
were represented equally between arms suggesting that
any impact of anterior plating options did not confound
the comparisons between the ACDF and CCF arms. It is
unclear what effect using a fixed or dynamic plate would
have on the overall success rates reported in this study.
Lastly, the study did not include a PCF only cohort with
treatment using a conventional lateral mass screws and
rods approach. As such, it is difficult to directly compare
how outcomes from this treatment plan would compare to
the two approaches studied in the trial.

The radiographic evidence and rates of revision in
the ACDF group suggest that the risk of developing
nonunion following three-level treatment may be greater
than what is currently understood. There has been a
growing body of evidence supporting the use of
PCF with PCSS to supplement ACDF for patients
with symptomatic disc degeneration.29:30:45 The results
of the current randomized clinical trial extend these
findings.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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> Key Points

O Subjects with cervical degenerative disc disease
at three levels were randomized to receive
surgical treatment with ACDF alone or
supplemented with posterior fusion including
an investigational stabilization device.

Q Through 24 months, 33% of ACDF subjects
achieved complete arthrodesis and 23% re-
quired revision, primarily for symptomatic
nonunion.

Q Including supplemental posterior fixation im-
proved both arthrodesis rates (75% of subjects)
and reduced revision rates (2% of subjects)
without increasing the risk of complications
from an additional procedure.

U Treating long-segment cervical disease (3+ disc
levels) with ACDF is associated with a
significant risk of one or more levels requiring
future surgical reintervention.
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