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Background: The use of plate-cage systems in anterior cervical discectomy and fusion (ACDF) has been
shown to produce fusion and good clinical outcomes though it has been associated with complications such
as dysphagia at higher rates than stand-alone implant devices. This study aimed to assess the incidence of
dysphagia and radiographic outcomes in adult patients who have undergone ACDF with interbody spacer
with integrated anchor fixation (ISa).

Methods: Patients who underwent index ACDF with a commercially available ISa by a fellowship-trained
spine surgeon between January 2018 and December 2021 were retrospectively included. Patients with less
than 90-days follow-up or those who underwent ACDF for trauma, infection, or tumor were excluded.
Demographic data, perioperative data, radiographic data and perioperative complications were collected.
Results: Forty-five patients were included for study. Eight patients (17.8%) experienced dysphagia
immediately following surgery, which resolved by 6 months post-op, barring 1 patient. Preoperative global
and segmental lordosis were 10.4°£9.3° and 6.9°+7.3° respectively. At three months postoperatively, global
and segmental lordosis were 8.9°+7.9° (P=0.50) and 7.0°+5.9° (P=0.56) respectively. Fusion rate at six months
was 78.3% (18/23) and 100% (18/18) at 1 year.

Conclusions: ACDF with ISa is a viable alternative to traditional plate-cage systems. ISa shows lower
rates of immediate, 3-month and 6-month dysphagia than traditional plate-cage systems described in the
literature. More controlled studies on larger populations will help formulate a concrete conclusion on the

advantages of ISa spacers.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is a
commonly performed procedure for cervical myelopathy,
radiculopathy, and spinal cord injury (1). The surgery
involves dissecting the neck anteriorly, removing the
intervertebral disc, decompressing the spinal cord and nerve
roots, and inserting a graft to restore normal disc height
and cervical lordosis (1). A typical ACDF fusion construct
includes an anterior plate to hold the graft in place, but
recent advances have led to the implantation of stand-
alone spacers that are directly anchored or screwed into the
vertebral bodies (2,3).

While ACDF procedures are generally safe, there are
some common complications that can arise, the most
common of which is dysphagia, or difficulty swallowing (4).
The cause of postoperative dysphagia is multifactorial but
has been attributed to injury to the pharyngeal innervation,
adhesions, postoperative swelling, and vocal cord
paralysis (5). The use of steroids to decrease postoperative
swelling and dysphagia is controversial, with some studies
finding that steroids reduce dysphagia while others note
no change (6-8). Importantly, the use of anterior plating
has been associated with increased rates of dysphagia,
potentially due to the increased tissue dissection needed to
place a plate and the presence of space-occupying material
behind the esophagus (4,5). Stand-alone spacers without
plating have also shown lower rates of postoperative
dysphagia compared to plated systems (2-4).

Highlight box

Key findings

¢ Patients who underwent anterior cervical discectomy and fusion
(ACDF) with plate-less, stand-alone interbody spacers with
integrated anchor fixation (ISa) showed similar clinical outcomes
to other integrated spacers.

What is known and what is new?

e ‘Traditional plate-cage ACDF systems are associated with
significant approach-related complications such as dysphagia.

*  When compared to published literature, the ISa system used in this
study demonstrates lower rates of dysphagia and readmissions than

plate-cage systems and similar outcomes to other plate-less spacers.

What is the implication, and what should change now?

* ACDF with ISa cages has some approach-related benefits and is a
viable alternative to traditional cage plate systems.

® The results from this study should be followed up with head-to-
head controlled trials against other ACDF spacer systems.
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In this case series, we characterize outcomes for patients
who underwent ACDF with a titanium stand-alone interbody
spacer with integrated anchor fixation (ISa) (COALITION
MIS®, Globus Medical Inc., Audubon, PA, USA). We aim
to describe the clinical outcomes, complications including
dysphagia and reoperation, and radiographic outcomes such
as global and segmental lordosis, subsidence, and fusion.
We present this article in accordance with the STROBE
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-24-32/rc).

Methods
Patient selection and data collection

This study was conducted as a retrospective, single cohort
case series. The cohort for this study consisted of patients
from one surgeon (M.M.A.) who underwent first-time
ACDF surgery between January 1, 2018 and December 31,
2021 at a tertiary medical center. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by institutional review
board (IRB) of Duke University Medical Center under
Pro00090408. Due to the retrospective nature of this study,
informed consent was deemed not necessary.

Inclusion criteria were: elective surgery, patients 18 years
or older, patients with at least 90 days of postoperative
follow-up, and patients who underwent index ACDF using a
stand-alone titanium spacer with anchoring (COALITION
MIS®). Tlustrations and real-world images of this spacer
are shown in Figure 1. Exclusion criteria were: emergency/
trauma surgery, patients who had undergone previous
ACDF surgery, patients with spacers that included screws
instead of anchors, and patients with anterior cervical plating.

We collected patient data via retrospective review of the
electronic medical record. Baseline patient demographics
were collected, including age at surgery, sex, body
mass index (BMI) at the time of surgery, comorbidities
(hypertension, hyperlipidemia, diabetes mellitus, heart
disease, and smoking prior to surgery). Surgical data,
including specific levels of surgery, surgical duration, length
of hospital stay, use of intravenous intraoperative steroids,
and indication for surgery were collected.

One of the collected clinical outcomes was the incidence
of postoperative dysphagia. Dysphagia was defined as any
report in the postoperative notes of difficulty or pain with
swallowing that was changed from the patient’s preoperative
baseline. To evaluate this at preoperative and postoperative
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Anchor single
step deployment

Figure 1 Stand-alone titanium spacer with integrated anchors (image obtained with permission from Globus Medical Inc., Audubon, PA,

USA). (A) Illustration demonstrating the stand-alone spacer loaded into its double-barreled inserted and deployment of the anchors; (B)

illustration of the stand-alone spacer inserted into the disc space of the cervical vertebrae with anchors deployed; (C) image of the stand-

alone spacer and inserter, demonstrating the low-profile of the device and inserter.

visits, patients were asked about their normal ability to
swallow, any new pain or difficulty with swallowing liquids
and solids, or any new issues with food or liquid getting
stuck in the throat. We collected this outcome immediately
postoperatively, as well as at 6 weeks, 3 months, and
6 months after surgery. Other outcomes included
intraoperative complications, postoperative complications,
90-day postoperative emergency department (ED) visits,
90-day postoperative hospital readmissions, and need for
reoperation. We also calculated the yearly rate of adjacent
segment disease (ASD) requiring reoperation by dividing
the number of patients reoperated for ASD by the number
of patients with eligible lengths of follow-up (9).
Radiographic data collected were global cervical

© AME Publishing Company.

lordosis (from C2-7), segmental cervical lordosis
(surgical segments), anterior and posterior disc height
at each operative segment, and radiographic fusion of
operative segments. Radiographic fusion was defined as
the presence of bridging bone between endplates and the
absence of radiolucency between the interbody spacer and
endplates (10). Radiographic outcomes were collected from
lateral upright X-rays at preoperative baseline and the
following postoperative timepoints as available: immediate,
6 weeks, 3 months, 6 months, 9 months, 1 year, and 2 years.

Statistical analysis

Most patient demographics, such as sex, surgical levels,
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Patients who underwent ACDF with ISa
N=88

Patients with prior ACDF surgery
N=24

Y

Patients with first-time ACDF surgery
N=64

Patients with anterior plating (N=1)
Trauma surgery (N=2)

Y

Y

Elective surgery with plateless construct
N=61

Patients with less than 90 days
postoperative follow-up

Y

N=15
Y
Patient cohort
N=46
o 4-Level ACDF
- N=1
Y

Cohort for analysis
N=45

Figure 2 Flow diagram for selection of the study cohort. ACDE,
anterior cervical discectomy and fusion; ISa, interbody spacer with

integrated anchor fixation.

rates of comorbidities, and surgical indications were
summarized with frequencies and percentages, while age,
hospital length of stay, and postoperative follow-up were
reported as means with standard deviation. The proportion
of patients who experienced dysphagia, complications, ED
visits, and readmissions were reported with frequencies and
percentages.

For each timepoint, the global and segmental lordosis
in degrees was reported with mean and standard deviation,
while the change in lordosis in degrees was reported up to
three months postoperatively for patients who had repeated
imaging. The change in disc height was reported with both
absolute and percentage change from prior to surgery to
post-surgery, as well as from post-surgery to 6 weeks and
3 months after for patients with repeated imaging. Studies
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have defined clinically significant subsidence anywhere from
2-4 mm, thus we defined surgical segments with a greater
than 3 mm decrease in anterior or posterior disc height as
having significant subsidence (11-15). The frequencies of
radiographic fusion of all operative segments in each patient
was reported for all available timepoints.

Welch’s #-test was used to compare average global and
segmental lordosis of the cervical spine between baseline,
6 weeks postoperatively, and 3 months postoperatively. Due
to the exploratory and retrospective nature of this study, we
did not impute or account for missing data; analyses were
performed with the data and sample sizes available in the
medical records. Analyses were performed using R Studio
version 2022.07.02 (Posit Software, Boston, MA), with
alpha set to 0.05.

Results
Patient demograpbics & surgical information

We identified 88 patients who underwent ACDF with the
anchored spacer during the study period. After applying
exclusion criteria, we excluded 24 patients who had prior
ACDF surgery, 1 patient who received anterior plating,
2 patients whose surgery was conducted for trauma, and
15 patients without at least 90 days of postoperative follow-
up for a final cohort of 46 patients. The cohort selection
process is shown in Figure 2.

The study cohort is described in Tzble 1. Patients
underwent surgery at an average of 59.7 years old, and
19 (41.3%) were male. Common comorbidities included
hypertension (22, 47.8%) and hyperlipidemia (16, 34.8%).
Eight patients (17.4%) were documented as active smokers
during preoperative evaluation. Nineteen patients (41.3%)
of patients underwent 2-level surgery, 14 (30.4%) had
3-level surgery, and 12 (26.1%) had 1-level surgery. The
most common indication for surgery was myelopathy
(35, 76.1%). During surgery, the vast majority of patients
received intraoperative intravenous (IV) steroids (n=39,
84.8%). A single patient was found to have undergone a
4-level ACDEF. This patient was excluded from additional
statistical analysis due to a lack of adequate sample size
for 4-level ACDF patients, leading to a final cohort of
45 patients for statistical analysis of outcomes (Figure 2).

Clinical outcomes

In regard to dysphagia, 17.8% of patients (8/45) developed
immediate postoperative dysphagia, of which 15.6% (7/40)
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Table 1 Patient characteristics (N=46)

Characteristic Statistic
Age (years) at surgery, mean + SD 59.7+11.5
Male, n (%) 19 (41.3)
BMI (kg/m?) at surgery, mean + SD 30.3+6.5
Comorbidities, n (%)
Hypertension 22 (47.8)
Hyperlipidemia 16 (34.8)
Diabetes mellitus 10 (21.7)
Heart disease (CAD, prior MI) 7 (15.2)
Smoking prior to surgery 8(17.4)

Number of surgical levels, n (%)

1 12 (26.1)
2 19 (41.3)
3 14 (30.4)
4 (excluded from further analysis) 12.2)

Anatomic levels of surgery—not mutually exclusive, n (%)
C3-4 12 (26.1)
C4-5 25 (54.3)
C5-6 35 (76.1)
C6-7 18 (39.1)
C7-T1 12.2)

Received intravenous intraoperative 39 (84.8)

steroids, n (%)

Surgical duration (hours), mean + SD 3.5+1.6
For 1 level surgeries 2.6+0.9
For 2 level surgeries 2.8+0.6
For 3 level surgeries 5.1+1.8
For 4 level surgeries 6.2+1

Length of stay in days
Mean + SD 2.3+1.5
Median [IQR] 2[1-3]

Indication for surgery/diagnosis—not mutually exclusive, n (%)

Cervical radiculopathy
Cervical myelopathy
Neck pain

Postoperative follow-up (days)
Mean + SD
Median [IQR]

17 (37.0)
35 (76.1)
7 (15.2)

390+282

303 [196-534]

SD, standard deviation; BMI, body mass index; CAD, coronary
artery disease; MI, myocardial infarction; IQR, interquartile range.
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experienced sustained dysphagia at 6 weeks after surgery,
13.3 (6/28) at 3 months after surgery, and 2.2% (1/26) at
6 months after surgery. No patients with 1 year of follow-up
continued to have dysphagia, and only 2 of the 45 patients
(4.4%) reported dysphagia severe enough to necessitate
referrals for a video-fluoroscopic/barium swallow study
(Table 2).

Three (6.6%) patients had intraoperative complications,
7 (15.6%) had postoperative complications, 5 (11.1%) had
postoperative ED visits, 2 (4.4%) had readmissions, and
7 (15.6%) had a reoperation, of which 5 were for ASD.
No patients had ASD requiring reoperation during the
first year after surgery. At the 2™ year after surgery, 3/17
(17.6% patients with long enough follow-up) required
reoperation for ASD, and during the 3" year after surgery,
1/5 patients (20.0%) required reoperation for ASD. Among
those with ASD, the initial surgery was performed at C5-6
for 2 patients, C4-6 for 1 patient, C5-7 for one patient,
and C3-6 for one patient. Four of these patients were
reoperated below the original surgical segment at C6-7.
One patient was reoperated above the original segment at
C4-5. These outcomes are detailed in Table 2.

Radiograpbic outcomes

Radiographic outcomes are shown in Tables 3-5. Changes
in disc height were calculated among patients with repeated
imaging. Preoperatively to immediately post-surgery,
anterior disc height increased by an average of 6.2 mm or
227% and posterior disc height increased by 4.1 mm or
149%. Postoperatively to 6 weeks after surgery, anterior
disc height decreased by an average of 1.4 mm or 15% and
posterior disc height decreased by 1.4 mm or 19%. From
6 weeks to 3 months after surgery, anterior disc height
decreased by an average of 0.5 mm or 6% and posterior
disc height decreased by 0.5 mm or 11%. At 6 weeks after
surgery the number of measured segments that showed
subsidence of >3 mm was 2/25 (8.0%) and at 3 months post-
operative it was 1/24 (4.2%). This subsidence occurred in
2/12 (16.6%) patients at 6 weeks and 1/11 (11.1%) patients
at 3 months. Details on disc height and subsidence are
shown in Tuble 3.

Preoperatively, patients had an average global lordosis
of 10.4°£9.3° (n=34) and segmental lordosis of 6.9°£7.3°
(n=33). Global and segmental lordosis, respectively, were
10.5°+7.8° (n=37) and 5.9°£6.6° (n=38) at 6 weeks, and
8.9°+7.9° (n=15) and 7.0°£5.9° (n=15) at 3 months (Tuble 4).
Neither global nor segmental lordosis changed significantly
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Outcome Values
Postoperative dysphagia
Immediately postoperative 8/45 (17.8%)
1-level ACDF 0
2-level ACDF 3
3-level ACDF 5
6 weeks postoperative 7/40 (15.6%)
1-level ACDF 0
2-level ACDF 2
3-level ACDF 5
3 months postoperative 6/28 (13.3%)
1-level ACDF 0
2-level ACDF 1
3-level ACDF 5
6 months postoperative 1/26 (2.2%)
1-level ACDF 0
2-level ACDF 0
3-level ACDF 1
1 year 0/19

Referred for barium swallow study at any timepoint 2/45 (4.4%)

Intraoperative complication
Loss of MEPs

Dural tear

Postoperative complication

Temporary weakness/neurological deficit after
surgery

Minor wound infection—no reoperation required

Hardware complication (shim backout, required
reoperation)

uTl

90-day ED visit

Excessive upper extremity pain
Postoperative nausea & vomiting

Upper extremity paresthesia

Dysphagia and upper extremity paresthesia
90-day readmission

Upper extremity paresthesia

Excessive upper extremity pain

3 (6.6%)
2
1

7 (15.6%)
3

]
5(11.1%)
2
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Table 2 (continued)
Outcome Values
Reoperation 7 (15.6%)
Adjacent segment disease 5
Recurrent radiculopathy, foraminotomies 1
performed
Hardware failure 1
Time to reoperation, days
Mean + SD 653+479
Mean [IQR] 572 [463-761]
Range 1-1,547

Annual incidence of ASD
Overall
Year 1
Year 2
Year 3
Year 4
Year 5

5/45 (11.1%)
0/45
3/17 (17.6%)
1/5 (20%)
01
1/1 (100%)

ACDF, anterior cervical discectomy and fusion; MEP, motor
endplate potential; UTI, urinary tract infection; ED, emergency
department; ASD, adjacent segment disease; SD, standard

deviation; IQR, interquartile range.

Table 3 Radiographic outcomes—changes in disc height

_ Preoperative to Postoperative 6 weeks to
Characteristic )
postoperative  to 6 weeks 3 months
Total No. of 22 25 24
segments
Total No. of 10 12 11
patients
Anterior disc height, mean + SD
mm change 6.2+1.7 -1.4+1.0 -0.5+1.1
% change 227+151 -15+11 -6+13
Posterior disc height, mean + SD
mm change 4.1+£0.9 -1.4+£1.0 -0.5+1.1
% change 149459 -19+12 -11£20
Significant subsidence
No. of segments N/A 2 1
No. of patients N/A 2 1

Table 2 (continued)

© AME Publishing Company.

SD, standard deviation; N/A, not applicable.
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Table 4 Radiographic outcomes—Ilordosis

Radiographic Preoperative 6 weeks 3 months
measurement
Global lordosis
Mean + SD, 10.4+£9.3 10.5+7.8 8.9+7.9
degrees
n 34 37 15
Segmental lordosis
Mean + SD, 6.9+7.3 5.9+6.6 7.0£5.9
degrees
n 33 38 15

SD, standard deviation.

Table 5 Comparison of lordosis changes over time (#-test)

P values
Radiographic
measurement Preoperative  Preoperative 6 weeks vs.
vs. 6 weeks  vs. 3 months 3 months
Global lordosis 0.94 0.56 0.50
Segmental 0.53 0.98 0.56
lordosis

Table 6 Radiographic outcomes—fusion

Patients with radiographic

Timepoint fusion of all operative segments
6 weeks postoperative 11/38 (28.9%)
3 months postoperative 6/16 (37.5%)
6 months postoperative 18/23 (78.3%)
9 months postoperative 10/13 (76.9%)
1 year postoperative 18/18 (100%)

between timepoints (1able 5).

At 6 weeks after surgery, 11/38 patients (28.9%) achieved
radiographic fusion of all surgical segments. The fusion rate
increased to 18/23 (78.3%) at 6 months and 18/18 (100%)
at 1 year (Table 6).

Case example

Preoperative examination
A 70-year-old male presented to clinic with 3 months of
neck pain after falling while walking up stairs and hitting his

© AME Publishing Company.
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head and neck. He reported significant pain that worsened
when looking downward and his symptoms improved
minimally after physical therapy. He initially reported no
clumsiness or weakness of upper or lower extremities, and
strength was 5/5 in all extremities upon examination at the
first appointment. Three weeks after initial evaluation, at a
follow-up visit 2 weeks prior to surgery, the patient noted
increased neck pain, felt significant issues with balance,
and felt subjective weakness in the arms and legs. Cervical
MRI taken 2 months prior to surgery revealed significant
central disc herniation at C4-5 and C5-6 (Figure 3A).
Electromyography and nerve conduction study conducted
2 weeks prior to surgery revealed a chronic bilateral C5-6
radiculopathy. The decision was made to proceed with
C4-6 ACDF with ISa.

Surgery

The patient underwent C4-6 ACDF with neuromonitoring.
An anterior approach was used to dissect open the neck
to the vertebral bodies. The C4-5 disc space was exposed,
disc removed using curettes & rongeurs, and osteophytes
removed using drills. The posterior longitudinal ligament
was removed, and dura identified. The ISa spacer was filled
with allograft and autograft, placed into the disc space, and
secured via anchors hammered into the bodies of C4 and
C5. This procedure was repeated at the C5-6 disc space.
The patient was given a dose of 10 mg IV dexamethasone
during surgery. The surgery was completed in 187 minutes
(3.11 hours) without intraoperative or postoperative
complications and blood loss was minimal.

Postoperative course

The patient was transferred to a neurosurgery stepdown
unit and began ambulating on the day of surgery. The
patient achieved good pain control, was able to tolerate
a diet, and was able to ambulate independently, thus was
discharged home on postop day 1. The patient experienced
no immediate postoperative dysphagia, and no dysphagia
developed during follow-up. The patient recovered well
and presented to clinic with resolution of preoperative neck
pain and imbalance, which was maintained at a year after
surgery. The patient achieved adequate bony fusion at both
operative segments (Figure 3B) and has not required any
revision surgery with over 2 years of follow-up.

Discussion

This case series presents a set of patients who received
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Figure 3 Case example of patient who underwent C4-6 ACDF with ISa (anterior cervical discectomy and fusion with interbody spacer

with integrated anchor fixation). (A) Preoperative T2 MRI demonstrating disc herniation and canal stenosis at C4-5 and C5-6 (arrows); (B)

9-month postoperative X-ray demonstrating ISa interbody spacers placed at C4-5 and C5-6 with bony fusion (as demonstrated by decreased

lucency in the disc space) and restoration of disc height. MRI, magnetic resonance imaging; ACDE, anterior cervical discectomy and fusion;

ISa, interbody spacer with integrated anchor fixation.

ACDF surgeries using a stand-alone anchored spacer
system (ISa). This type of surgery can be considered
minimally invasive as it makes use of anchors that require
minimum disruption of the neck’s anatomy as compared
to using screws which would require additional steps for
screw preparation and angled instruments for fixation.
The ISa spacers described here use anchors that can be
inserted in a compact working window due to the use of a
streamlined double barrel implant inserter. This inserter
allows for reliable and convenient placement of the implant
and its anchors (Figure 1). We evaluated the postoperative
course of patients, focusing on postoperative dysphagia,
complications, readmission, reoperation, and radiographic
measures, and found that rates of negative clinical outcomes
were comparable or lower than seen in studies analyzing
traditional plate-cage systems.

Dysphagia is a common development after ACDE,
affecting anywhere from 10-50% of those who undergo
the procedure (4,16,17). The proportion of patients with
dysphagia in our study decreased over time, suggesting
gradual resolution. Dysphagia also only affected those with
2 or 3 level surgeries, which is consistent with literature
suggesting that more operative segments increase the
risk for dysphagia (16,17). Systematic reviews comparing
anchored, stand-alone spacers to traditional plated ACDF
showed that plated systems have a significantly higher risk

© AME Publishing Company.

of dysphagia compared to anchored, stand-alone systems
like the implant we describe here (4,18). While most of
our patients received preoperative steroids, a systematic
review on steroid use in ACDF found that there are no
standardized steroid use protocols and that steroids have
conflicting outcomes on postoperative dysphagia in different
studies (6). An appropriately powered prospective trial will
be needed to evaluate steroid use for the prevention of
dysphagia.

Dysphagia rates with plate-cage systems have been
reported at 25-70% immediately postoperatively, decreasing
to 25-27% at 3 months after surgery and 4-22% 6 months
after surgery (18). Other low-profile or plate-less cages
have reported dysphagia rates of 22-57% immediate after
surgery, 4-7% 3 months after surgery, and 0-4% 6 months
after surgery (4,18).

This study showed a much lower immediate dysphagia
rate of 17.8% and 6-month dysphagia rate of only 2.2%.
A potential driver of lower dysphagia in our stand-alone
cage patients compared to the literature is the lack of a
plate that can irritate the esophagus and the integrated
anchoring system. This system allows for the surgery to
be carried with less traction on the esophagus as the entire
operative length does not need to be exposed to screw in a
multi-level plate. Instead, cages can be placed and secured
at each vertebral segment with minimal retraction on the
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surrounding soft tissue.

Reported complication rates for ACDF range from 13%
to 20% (16,19). Nationally, the readmission rate for ACDF
is about 8% whereas this study showed only 4.4% (20,21).
Additionally, the average length of stay for plated ACDF
patients is about 2 days (22). This is similar to the results of
this study which show average length of stay to be 2.3 days.
The complications in our patients are commonly seen with
ACDYHF, including infection, worsening myelopathy, dural
tears and hardware complications (16,23). Only 1 patient
had a hardware issue and was promptly reoperated on a day
after the initial procedure. While 5 patients in this cohort
(11.1%) reported to the ED within 90 days of surgery (two
for pain, one for dysphagia, one for paresthesia, and one for
postoperative nausea and vomiting), only 2 (4.4%) patients
were readmitted to the hospital.

Among patients with follow up, the rate of ASD was
zero during the first year of follow-up but increased to
around 18% during subsequent years. Hilibrand ez al.
studied symptomatic ASD in anterior cervical surgeries and
found an overall rate of ASD of 14.2% among 409 patients,
with 2-3% being affected yearly and 13.5% of patients
developing the disease within 5 years of surgery (24). Only
27 (6.6%) of patients in that study underwent reoperation,
which is similar to reported rates of ACDF reoperation
in larger meta-analyses (25) and lower than 11.1% annual
ASD rate seen in this study. However, our study is severely
limited by its lower sample size and shorter follow-up rate
among patients, so future studies will need to be expanded
to accurately evaluate symptomatic ASD with ISa.

The patients in our study did not show any significant
changes in lordosis, and the average segmental and global
lordosis angles were comparable at 3 months postoperatively
compared to preoperatively. At long term follow-up 6 or
more months after surgery, most patients had achieved full
radiographic fusion of all operative segments. For patients
who had measurable disc height at multiple timepoints,
about 17% of them had significant subsidence over 3 mm,
consisting of about 8% of operative segments at 6 weeks
after surgery.

A number of studies have analyzed the radiographic
differences between traditional plated ACDF systems and
stand-alone spacers. Overall, the rates of fusion achieved
in this cohort was 100% at 1 year which is comparable to
rates of over 90% reported for both stand-alone and plated
ACDF systems at 1 year after surgery (26,27). The 100%
fusion rate might be attributed to the engraved surfaces
on the ISa spacers described here, which were designed
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to encourage cellular activity at the interface of the spacer
and the end-plates of the vertebral body. Other studies
have shown that rates of subsidence in stand-alone spacer
systems range from 45-70% (28,29) and are generally
higher than plated systems, which have subsidence rates
of 20-45% (12,29,30). However, there doesn’t seem to be
a clear consensus as to whether spacer subsidence affects
clinical outcomes. Some studies report that even in patients
with spacer subsidence >3 mm, there is no association with
pain, pseudarthrosis, or healthcare-related quality of life
measures (13,31), while another found that subsidence is
associated with increased pain after surgery, but not to any
clinically significant degree (32).

Limitations & future directions

This study contains several limitations that could be
addressed by future studies. Firstly, this study is a single-
surgeon, retrospective study and does not contain a control
or comparison group. Thus, we can only speculate on the
benefits of this stand-alone spacer system based on results
reported elsewhere in the literature. Secondly, the sample
size is relatively small at 40, and not all patients had long-
term follow up or imaging at every timepoint we analyzed.

A key limitation is that dysphagia, as evaluated in this
study, was retrospectively collected through review of
medical record reports. However, this has been shown to
lead to under-reporting of true dysphagia (33,34) and is not
as granular as certain dysphagia scales such as the SWAL-
QOL (35) or EAT-10 (36). These should be addressed in
future prospective studies that incorporate these scales in
a standardized method by collecting them from patients at
each planned timepoint.

Additionally, due to artifact from the titanium implant,
measuring disc height for all segments at all timepoints
proved difficult and would require further study to make
definite conclusions about subsidence. Finally, we were
limited in our clinical outcomes and unable to provide pain
outcomes with scores such as the visual analog scale (VAS)
or neck disability index (NDI), because these were not
standardized for entry into the electronic medical record.
The results from this case series should serve as the basis
of a prospective, randomized clinical trial comparing this
spacer to other stand-alone spacer systems and traditional
plated ACDF systems. Based on rough incidence estimates
from our study and the literature cited above, a study
powered to detect a dysphagia rate of 18% stand-alone wvs.
30% plate-cage would require 396 total patients in a 1:1
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enrollment with an alpha of 0.05 and power of 0.80.

Conclusions

"This study contains a case series of patients who underwent
1-4 level ACDF with ISa. It showed that immediate post-
operative and 6-month post-operative dysphagia rate with
ISa was lower than literature showing patients implanted
with plated spacers. Radiographic outcomes in this cohort
are similar to those reported elsewhere in the literature,
with the highlight being 100% fusion rates at 1 year follow
up. The rates of complications were similar to previous
studies, but patients in this cohort were readmitted to the
hospital at a lower rate than is seen nationally. This study’s
results suggest that the ISa has some approach-related
benefits and is a viable alternative to traditional cage plate
systems. The results from this study should be followed
up with larger controlled trials, directly comparing this
spacer with other ones used in ACDF surgery and utilizing
established outcomes scales to more accurately measure
dysphagia and radiographic outcomes.
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