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ABSTRACT

Background: Anterior cervical discectomy and fusion (ACDF) has conventionally been performed using an
allograft cage with a plate-and-screw construct. Recently, standalone cages have gained popularity due to theorized

decreases in operative time and postoperative dysphagia. Few studies have compared these outcomes. Here, we directly
compare the outcomes of plated versus standalone ACDF constructs.

Methods: A single-center retrospective review of patients undergoing ACDF after June 2011 with at least 6

months of follow up was conducted. Clinical outcomes were analyzed and compared between standalone and plated
constructs. Multivariate regression analysis of the primary outcome, need for revision surgery, as well as several
secondary outcomes, procedure duration, estimated blood loss (EBL), length of hospital stay, disposition, and incidence
of dysphagia, hoarseness, or surgical site infection, was completed.

Results: A total of 321 patients underwent ACDF and met inclusion-exclusion criteria, with mean follow-up
duration of 20 months. Forty-six (14.3%) patients received standalone constructs, while 275 (85.7%) received plated
constructs. Fourteen (4.4%) total revisions were necessary, 4 in the standalone group and 10 in the plated group,

yielding revision rates of 8.7% and 3.6%, respectively (P¼ .125). Mean EBL was 98 mL in the standalone group and 63
mL in the plated group (P¼ .001). Mean procedure duration was 147 minutes in the standalone group and 151 minutes
in the plated group (P¼ .800). Mean hospital stay was 3.6 days in the standalone group and 2.5 days in the plated group

(P ¼ .270). There was no significant difference in incidence of dysphagia (P ¼ .700) or hoarseness (P ¼ .700).
Conclusions: Standalone ACDF demonstrates higher, but not statistically significant, revision rates than plate-

and-screw constructs, without the hypothesized decreased incidence of dysphagia or hoarseness and without decreased
procedure duration or EBL. Surgeons may consider limiting use of these constructs to cases of adjacent segment disease.

Larger studies with longer follow up are necessary to make more definitive conclusions.
Level of Evidence: 4.
Clinical Relevance: This study will help spine surgeons decide between using standalone or cage-and-plate

constructs for ACDF.

Cervical Spine

Keywords: anterior cervical discectomy and fusion, standalone, anterior plate, pseudarthrosis, dysphagia

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF)
is a well-established ‘‘gold standard’’ surgical option
for the treatment of symptomatic cervical degener-
ative disc disease refractory to conservative inter-
vention.1,2 After satisfactory decompression of the
neural elements, the goal of fusion is to reestablish
stability across the affected segments, correct loss of
cervical lordosis, and maintain intervertebral disc-
space height. Traditionally, this has been achieved

with the use of an interbody cage or bone graft and

an anterior cervical plating system, the introduction

of which has dramatically increased fusion rates

while maintaining lordosis and decreasing the

incidence of cage subsidence or dislocation.3 How-

ever, despite its efficacy, anterior plating has also

been implicated in the risk of transient or chronic

dysphagia, tracheoesophageal and neurovascular

injury, and development of adjacent segment disease

(ASD).3
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To reduce complications associated with anterior
plating, anchored standalone cage systems have
recently gained popularity due to a theorized
decrease in operative time, blood loss, impact on
adjacent discs, and postoperative dysphagia.4,5

Despite these potential benefits, spinal surgeons
must consider the risk of nonunion, subsidence, and
progressive cervical kyphosis when using standalone
cages, particularly for multilevel disease.

Several recent studies have attempted to com-
pare standalone and plated constructs, yet outcome
data remain at a clinical equipoise, particularly
regarding fusion rates and postoperative dyspha-
gia.3,6–8 The objective of this study is to add a
larger single-institution case series to the literature
that directly compares the outcomes of plated
versus standalone ACDF constructs as an index
procedure with respect to revision rate, perioper-
ative metrics, postoperative dysphagia, and hoarse-
ness.

METHODS

A single-center retrospective case series of all
index ACDF procedures performed by 5 spine
fellowship trained attending neurosurgeons since
the implementation of our institution’s electronic
medical record in June 2011 was conducted. All
patients were 18 years of age or older and had at
least 6 months of follow up. Patients were excluded
if age was less than 18 years, follow-up duration
was less than 6 months, if a prior cervical spine
surgery was performed, or if surgery was per-
formed due to trauma, neoplasm, or infection.
Polyetheretherketone (PEEK) cages were used in
all cage-and-plate constructs, with a variety of
different plating systems. The Zero-P (DePuy
Synthes, Raynham, MA), Coalition MI (Globus),
or Scarlet (Spineart) standalone devices were used
for standalone cases. Bone graft material varied by
attending surgeon preference and included demin-
eralized bone matrix allograft in most cases, as well
as autograft bone from the anterior lip of the
superior vertebral body, ViviGen cellular bone
matrix (Johnson and Johnson, New Brunswick,
NJ), Trinity Elite allograft (Orthofix, Lewisville,
TX), BioBurst allograft (Burst Biologics, Boise,
ID), or MagnetOs biphasic calcium phosphate
bone graft (Kuros Biosciences, Schlieren, Switzer-
land). Demographic, perioperative, outcomes, and
radiographic data were collected. Our primary
outcome was need for revision surgery. Procedure

duration; estimated blood loss (EBL); length of
hospital stay (LOS); disposition to home versus
rehabilitation; hospital readmission; and incidence
of dysphagia, hoarseness, or surgical site infection
(SSI) were collected as secondary outcomes.
Dysphagia was recorded if documented in progress
or clinic notes or if the patient was prescribed
steroids or speech and language pathology therapy
for swallowing. Hoarseness was recorded if docu-
mented in progress or clinic notes. In addition,
postoperative cervical spine parameters—cervical
lordosis, cervical sagittal vertical axis (SVA), and
T1 slope—and successful fusion defined as a change
in interspinous distance on dynamic radiographs of
�2 mm9–11 were measured by an attending
neuroradiologist for patients who had imaging
available.

Statistical Analysis

After the collection of demographic data from the
electronic medical record, basic descriptive statistics
were calculated on Excel (Microsoft, Redmond,
WA). Patients were divided into 2 groups: stand-
alone versus plated constructs. These groups were
compared for significant differences in demographic
data using the Kruskal-Wallis equality of popula-
tions test for continuous variables or the Fisher
exact test for categorical variables. Next, a multi-
variate regression was performed in which the
independent variables were age, gender, body mass
index (BMI), surgical diagnosis (myelopathy, radic-
ulopathy, or deformity), diabetes, smoking, number
of levels fused, attending surgeon performing the
operation, and use of a standalone or plated
construct (primary variable); and the dependent
variables were need for revision surgery (primary
outcome, binary); procedure duration; EBL; LOS;
disposition (binary); hospital readmission (binary);
and incidence of dysphagia, hoarseness, or SSI
(binary). Radiographic parameters were compared
between groups based on type of construct and need
for revision using Welch’s unpaired t tests assuming
unequal variances. Statistical analyses were per-
formed using Stata (StataCorp, College Station,
TX) with a prospectively determined P value of
,.05 taken to indicate significant difference for all
analyses. These statistical analyses predominantly
compared means of groups; as such, a small number
of missing data points had minimal effect on the
overall analysis.
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Study Design and Ethics

This study adheres to the Strengthening the
Reporting of Observational Studies in Epidemiolo-
gy guidelines. This study was approved by our
institutional review board and did not require
patient consent due to the retrospective nature of
the analysis.

RESULTS

A total of 321 patients underwent ACDF and met
inclusion and exclusion criteria, with a mean follow-
up duration of 18.2 6 0.7 months. Forty-six
(14.3%) patients received standalone constructs,
while 275 (85.7%) received plated constructs. Mean
age was 58.1 6 1.9 years in the standalone group,
57.7 6 0.7 years in the plated group, and 57.8 6 0.6
years overall. Kruskal-Wallis and Fisher exact tests
showed no differences between groups in age,
gender, BMI, diabetes, smoking, and follow-up
duration. There were differences between groups,
however, in the surgical diagnosis, attending sur-
geon, and number of levels fused. More patients in
the standalone group underwent surgery due to
myelopathy as opposed to radiculopathy (63.0%
and 32.6%, respectively), and more patients in the
plated group underwent surgery due to radiculop-
athy as opposed to myelopathy (70.9% and 25.8%,
respectively; P¼ .001). One attending surgeon used
more standalone constructs than the others (P ¼
.001). Fewer levels were fused per operation using

standalone than plated constructs (1.9 6 0.1 versus
2.2 6 0.1, P¼ .032). Demographic data are listed in
detail in Table 1.

Fourteen total revision surgeries were per-
formed, yielding an overall revision rate of 4.4%.
Four revisions (8.7%) were performed in the
standalone group, and 10 revisions (3.6%) were
performed in the plated group (P ¼ .125). These
revisions were performed due to ASD, hardware
failure, or persistent-recurrent compression of
neural elements. All 4 revisions in the standalone
group were on Zero-P devices. Revision rates are
listed in Table 2. We then performed a multivariate
regression as described in the Methods. Despite the
higher revision rate in the standalone group, that
variable did not reach statistical significance in the
multivariate regression (P ¼ .186). Furthermore,
age (P ¼ .644), gender (P ¼ .396), BMI (P ¼ .767),
surgical diagnosis (P ¼ .707), diabetes (P ¼ .899),
smoking (P ¼ .796), number of levels fused (P ¼
.866), and attending surgeon (P¼ .446) also did not
have a significant effect on revision rate. Results of
the multivariate regression analysis are listed in
Table 3.

The multivariate regression also included several
secondary outcome measures as dependent vari-
ables: procedure duration; EBL; LOS; disposition;
hospital readmission; and incidence of dysphagia,
hoarseness, or SSI. Procedure duration was signif-
icantly affected by gender (P ¼ .001), number of
levels fused (P ¼ .001), and attending surgeon (P ¼
.001). Mean procedure duration was 147 6 7
minutes in the standalone group and 151 6 3
minutes in the plated group (P ¼ .800). EBL was
significantly affected by smoking (P¼ .053), number
of levels fused (P ¼ .001), attending surgeon (P ¼
.024), and standalone constructs (P ¼ .001). Mean
EBL was 98 6 22 mL in the standalone group and

Table 1. Demographic data.

Standalone Plated Total P Value

No. patients (%) 46 (14.3) 275 (85.7) 321 (100)
Age, mean 6 SD, y 58.1 6 1.9 57.7 6 0.7 57.8 6 0.6 .722
Male, % 43.5 37.1 38.0 .416
Female, % 56.5 62.9 62.0
Body mass index, mean 6 SD 29.8 6 1.0 30.5 6 0.6 30.4 6 0.5 .784
Myelopathy, % 63.0 25.8 31.2 .001a

Radiculopathy, % 32.6 70.9 65.4
Deformity, % 4.4 3.3 3.4
Diabetes, % 26.1 18.9 19.9 .318
Smoking, % 30.4 21.8 23.1 .255
Number of levels, mean 6 SD 1.9 6 0.1 2.2 6 0.1 2.2 6 0.1 .032a

Attending surgeon .001a

Follow-up, mean 6 SD, mo 18.3 6 2.0 18.2 6 0.8 18.2 6 0.7 .439

aOne attending surgeon used more standalone constructs than the others.

Table 2. Revision rates.a

Standalone Plated Total

Revisions (total cases) 4 (46) 10 (275) 14 (321)
Revision rate, mean 6 SD 8.7 3.6 4.4

aP¼ .125.
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63 6 3 mL in the plated group (P¼ .001). LOS was
significantly affected by diabetes (P ¼ .010). Mean
LOS was 3.6 6 0.9 days in the standalone group
and 2.5 6 0.2 days in the plated group (P ¼ .270).
Incidence of dysphagia was significantly affected by
number of levels fused (P¼ .001). In the standalone
group, 19.6% of patients experienced dysphagia
compared with 19.6% of patients in the plated
group (P ¼ .700). Incidence of hoarseness was
significantly affected by age (P ¼ .045), number of
levels fused (P¼ .041), and the attending surgeon (P
¼ .005), with higher incidence occurring with
increasing age, increasing number of levels, and
decreasing surgeon level of experience. In the
standalone group, 4.4% of patients experienced
hoarseness compared with 3.6% of patients in the
plated group (P¼ .700). Disposition to home versus
rehabilitation was significantly affected by gender (P
¼ .009), diagnosis (P ¼ .047), and diabetes (P ¼
.030). In the standalone group, 6.5% of patients
were discharged to rehabilitation compared with
3.3% of patients in the plated group (P ¼ .978).
Attending surgeon had a significant effect on
hospital readmission (P ¼ .032). In the standalone
group, 2.2% of patients were readmitted compared
with 4.0% of patients in the plated group (P¼ .214).
The most common reason for readmission was
dysphagia: 50% of cases with no difference between
plated and standalone groups. Other reasons were

unrelated medical issues. Incidence of SSI was
significantly affected by standalone constructs, with
a rate of 2.2% in the standalone group and 0.0% in
the plated group (P¼ .030). Secondary outcomes are
listed in Table 4.

Of the 321 total patients, 180 had postoperative
plain radiographs available for review. When
comparing groups based on standalone versus
plated constructs, there was no significant differ-
ence in cervical lordosis (14.7 6 1.88 versus 12.9 6

0.88, P ¼ .366), cervical SVA (24.7 6 3.4 mm
versus 22.0 6 1.2 mm, P¼ .450), or T1 slope (26.1
6 2.08 versus 26.6 6 0.68, P ¼ .811). When
comparing the revision group to the nonrevision
group, there was no difference in cervical lordosis
(10.6 6 2.68 versus 13.3 6 0.78, P¼ .343), cervical
SVA (28.9 6 4.8 mm versus 22.0 6 1.2 mm, P ¼
.195), or T1 slope (24.7 6 1.68 versus 26.6 6 0.68,
P ¼ .279). Of these patients, 21 had dynamic
(flexion-extension) radiographs �6 months post-
operatively available for review. In the standalone
group, 87.5% (7/8) of patients had a change in
interspinous distance .2 mm compared with
38.5% (5/13) of patients in the plated group (P ¼
.017). In the revision group, 33.3% (1/3) of
patients had a change in interspinous distance
.2 mm compared with 61.1% (11/18) of patients
in the nonrevision group (P¼ .489). Radiographic
parameters are listed in Table 5.

Table 3. Multivariate regression analysis (P values).

Age Gender

Body Mass

Index Diagnosis Diabetes Smoking Levels Surgeon Standalone

Revision rate .644 .396 .767 .707 .899 .796 .866 .446 .186
Procedure duration .305 .001a .524 .986 .651 .222 .001a .001a .800
Estimated blood loss .537 .520 .191 .203 .497 .053a .001a .024a .001a

Length of stay .992 .628 .246 .063 .010a .151 .177 .207 .270
Dysphagia .924 .815 .802 .411 .811 .266 .001a .134 .700
Hoarseness .045a .593 .276 .760 .115 .576 .041a .005a .700
Disposition .184 .009a .512 .047a .030a .491 .995 .921 .978
Readmission .178 .646 .704 .282 .863 .383 .894 .032a .214
Surgical site infection .546 .199 .529 .501 .058 .431 .764 .707 .030a

aOne attending surgeon used more standalone constructs than the others.

Table 4. Secondary outcomes.

Standalone Plated Total P Value

Procedure duration, mean 6 SD, min 147 6 7 151 6 3 150 6 3 .800
Estimated blood loss, mean 6 SD, mL 98 6 22 63 6 3 68 6 4 .001a

Length of stay, mean 6 SD, d 3.6 6 0.9 2.5 6 0.2 2.7 6 0.2 .270
Dysphagia, % 19.6 19.6 19.6 .700
Hoarseness, % 4.4 3.6 3.7 .700
Disposition, % rehab 6.5 3.3 3.7 .978
Readmission, % 2.2 4.0 3.7 .214
Surgical site infection, (% 2.2 0.0 0.3 .030a

aOne attending surgeon used more standalone constructs than the others.
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CASE ILLUSTRATION

The patient is 76-year-old woman with multiple
prior thoracolumbar spinal surgeries who presented
to the emergency department with 2 weeks of
bilateral lower extremity weakness and sharp pain
between her shoulders. On physical examination,
she had full strength in bilateral upper extremities
and 4 out of 5 strength diffusely in bilateral lower
extremities. Her sensation was intact, and she had
urinary incontinence at baseline. Dynamic radio-
graphs of the cervical spine demonstrated mobile
anterolisthesis at C4–5 and C7–T1 that worsened
with flexion and improved with extension (Figures
A and B). Magnetic resonance imaging of the
cervicothoracic spine showed disc osteophyte com-
plexes with moderate canal stenosis at C4–5 and
severe canal stenosis at C7–T1 (Figures C–E). Given
these findings, she underwent C4–5 and C7–T1
ACDFs using standalone constructs without com-
plication. Postoperative plain radiographs showed
good placement of these constructs, but the screw at
C7 was parallel to the disc space due to difficulty
obtaining a more favorable angle due to restriction
by the sternum (Figures F and G). She recovered
well from this operation, then also underwent
revision of her prior thoracolumbar fusion during
the same hospital stay, after which she was
discharged to a subacute rehabilitation facility.

The patient had done well at the rehabilitation
facility, but her 6-week postoperative radiographs
showed hardware failure with anterior displacement
of the C7–T1 standalone construct (Figures H and
I). This was confirmed with a computed tomogra-
phy scan (Figures J and K) and may have been due
to poor fixation of the integrated screws and/or
poor intraoperative fluoroscopic visualization at the
C7–T1 level. She was readmitted to the hospital and
underwent a revision of the C7–T1 ACDF, with
removal of hardware and replacement with a cage
and anterior plate and screws. Postoperative radio-
graphs showed that this new construct was well
positioned (Figures L and M). She recovered well

from this operation and was discharged back to her
rehabilitation facility to continue physical therapy.

DISCUSSION

ACDF is one of the most efficacious treatments
in a spine surgeon’s armamentarium for the
treatment of cervical myelopathy, radiculopathy,
or deformity.1,5,11,12 The introduction of anterior
plating to enhance stability after insertion of an
interbody cage has drastically increased fusion rates,
while subsequently lowering the incidence of subsi-
dence, pseudarthrosis, or progressive kyphosis.2

Anterior plating, though effective, has been impli-
cated in the development of dysphagia, hoarseness,
ASD, and increased operative time and blood loss.
Complications, including tracheoesophageal injury
and plate-screw migration, though rare, have been
reported. To mitigate these factors, the screw-
anchored standalone interbody cage was intro-
duced.4,5,13 Various studies have presented similar
fusion rates of standalone cages to standard cage-
and-plate systems; however, evidence of the stand-
alone cage’s ability to improve patient outcomes
and limit adverse events and complication rates
remains inconclusive.

Revision Rate

The current body of literature varies tremendous-
ly in the reported outcomes of standalone versus
cage-and-plate constructs for ACDF. Many studies
report a greater incidence of subsidence, pseudar-
throsis, or progressive kyphosis with standalone
cages,14–18 while others report outcomes comparable
with those of plated constructs.19–27 A few recent
meta-analyses pooled some of these studies to report
outcomes over a larger sample size. The largest
meta-analysis pooled 19 studies and showed signif-
icantly less subsidence and better restoration of
cervical lordosis in the plated group, albeit with a
higher rate of ASD.6 The next largest meta-analysis
pooled 15 studies and showed no difference in
fusion rates or incidence of subsidence or ASD,

Table 5. Radiographic parameters.

By Construct By Revision Status

Standalone Plated P Value Revision Nonrevision P Value

Cervical lordosis, mean 6 SD, 8 14.7 6 1.8 12.9 6 0.8 .366 10.6 6 2.6 13.3 6 0.7 .343
Cervical sagittal vertical axis, mean 6 SD, mm 24.7 6 3.4 22.0 6 1.2 .450 28.9 6 4.8 22.0 6 1.2 .195
T1 slope, mean 6 SD, 8 26.1 6 2.0 26.6 6 0.6 .811 24.7 6 1.6 26.6 6 0.6 .279
Change in interspinous distance .2 mm, % 87.5 38.5 .017a 33.3% 61.1% .489

aOne attending surgeon used more standalone constructs than the others.
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Figure. Case illustration. Preoperative lateral (A) extension and (B) flexion radiographs demonstrate dynamic spondylolisthesis at C4–5 and C7–T1. Preoperative

magnetic resonance imaging with (C) sagittal and (D) axial cuts at C4–5 and (E) C7–T1 show disc herniations at those levels with moderate canal stenosis at C4–5

and severe canal stenosis at C7–T1. Postoperative (F) lateral and (G) anterior-posterior (AP) radiographs show placement of standalone constructs at C4–5 and C7–

T1. Interval (H) lateral and (I) AP radiographs, as well as (J) sagittal and (K) axial computed tomography images 2 months later demonstrate hardware failure with

anterior displacement of the C7–T1 standalone construct out of the disc space. Postrevision (L) lateral and (M) AP radiographs show implantation of a cage-and-plate

construct at C7–T1.
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although the plated group displayed more improved
cervical lordosis.3 Another meta-analysis pooled 11
studies and showed similar fusion rates but higher
rates of subsidence with standalone cages.7

Our study found a revision rate of 8.7% in the
standalone group compared with 3.6% in the plated
group over the same period, although this did not
reach statistical significance (P ¼ .125). Our
multivariate analysis did not correlate the revision
rate with number of levels fused, age, gender,
tobacco use, diabetes status, BMI, or attending
surgeon. In the standalone group, all 4 revisions
were on Zero-P devices, with no revisions on
Coalition MI or Scarlet devices. Caution is advised
due to cases of biomechanical failure of the Zero-P
device28; however, these numbers are not adequately
powered to make conclusive comparisons between
devices. A lower degree of biomechanical stability
with standalone cages may ultimately contribute to
the higher rates of pseudarthrosis, subsidence, and/
or hardware failure. Scholz et al, testing 8 cadaver
models with 2- and 3-level instrumentation with
standalone PEEK cages, PEEK cages with locking
plate, and zero-profile anchored spacers, showed a
significantly decreased range of motion in lateral
bending and flexion-extension with cage-and-plate
constructs.4 In this way, greater stiffness and
limitation of movement with the cage-and-plate
constructs may provide a more conducive environ-
ment for bony fusion. Nevertheless, in our study, 4
of 10 revisions in the plated group were due to ASD,
as opposed to 1 of 4 revisions in the standalone
group, but this sample size is too small to make any
definitive comparisons between construct types
regarding ASD. Longer follow up with a larger
sample size may be needed to reach significance in
our study; however, our findings support the notion
of decreased stability in standalone cages leading to
a higher rate of pseudarthrosis or hardware failure.
Furthermore, it is important to recognize the
limitations of these constructs and be ready to
convert to a different construct intraoperatively
based on surgical anatomy.

Dysphagia and Hoarseness

Decreased incidences of dysphagia and hoarse-
ness have been two of the most widely claimed
benefits of the standalone cages. Some postulate
that the thickness of the anterior cervical plate may
lead to esophageal irritation and persistent dyspha-
gia, with a lower-profile anchored standalone cage

limiting irritation of the surrounding structures.16

Despite this theory, the literature reports varied
rates of postoperative dysphagia and hoarseness,
and the evidence remains equivocal. Several studies
report no difference in postoperative dyspha-
gia,21,23,29–31 while a few others report lower
incidence with standalone constructs.22,26,32 Only 1
study commented on incidence of hoarseness, with a
modestly greater improvement in voice handicap
index in the standalone group.23 Comparing the
standalone and cage-and-plate groups, our study
showed similar rates of postoperative dysphagia
(19.6% in both groups) and hoarseness (4.4% and
3.6%, respectively), neither of which were statisti-
cally significant. In our multivariate analysis,
incidence of dysphagia was significantly affected
by the number of levels fused, which may affect the
degree and duration of retraction on the esophagus.
Advanced patient age, greater number of levels
fused, and the attending surgeon’s level of experi-
ence were all statistically significant factors predict-
ing postoperative hoarseness in our cohort. Thus,
our findings suggest that the implant may not play
as significant of a role in postoperative dysphagia or
hoarseness as compared with other patient demo-
graphic and surgical factors. Nevertheless, the 3
meta-analyses mentioned previously did find lower
rates of dysphagia after implantation of standalone
cages but only after pooling data across several
studies,3,6,7 which implies that the modest reduction
in dysphagia seen from standalone cages must be
pooled over many patients to reach statistical
significance.

Procedure Duration and Blood Loss

Additional reported benefits of standalone cages
in the literature are decreased procedure duration
and decreased operative blood loss. These factors
have been directly attributed to the increased
amount of dissection-exposure and time necessary
to implant a plate and screws. When reviewing the
literature, 2 studies reported shorter procedure
duration with standalone cages,21,32 while 3 studies
reported no difference between standalone and
plated constructs.22,23,25 Three meta-analyses inves-
tigated procedure duration—1 reported no differ-
ence between constructs,8 and 2 reported shorter
procedure duration with standalone cages, albeit
with a high degree of heterogeneity among the
studies in their analyses.3,7 In terms of blood loss, 2
studies reported lower EBL with standalone cag-
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es,25,32 while 1 study reported no difference between
constructs.23 Three meta-analyses reported lower
EBL with standalone cages but, again, with a high
degree of heterogeneity among the studies in their
analyses.3,7,8 Our experience challenges these find-
ings. Procedure duration was marginally greater in
the cage-and-plate group and did not reach statis-
tical significance (147 minutes versus 151 minutes, P
¼ .800). It was significantly affected, however, by
number of levels fused and attending surgeon,
specifically correlating to the level of experience of
the surgeon. Mean EBL was higher in the stand-
alone cage group than the cage-and-plate group (98
mL versus 63 mL, P¼ .001), and it was significantly
affected by the patient’s smoking status, number of
levels fused, and attending surgeon, again correlat-
ing with the level of experience of the surgeon.
Looking at our results and the literature, we can
conclude that standalone cages may offer marginal
decreases in procedure duration and operative
blood loss and that these metrics are also affected
by a number of other surgical factors, namely the
number of levels being operated on and the
experience of the surgeon.

Perioperative Metrics

Our study also investigated several other periop-
erative metrics, including LOS, disposition, hospital
readmission, and incidence of SSIs. LOS was not
statistically significantly different between the stand-
alone and cage-and-plated groups, and it was
greater in diabetic patients, likely due to their
propensity to have other medical comorbidities.
When reviewing the literature, 3 studies explored
LOS, and all 3 found no difference between stand-
alone and cage-and-plated groups.23–25 One meta-
analysis noted shorter LOS with standalone cages.3

There was no statistically significant difference
between groups in terms of disposition to home
versus rehabilitation, with diabetic patients and
those diagnosed with myelopathy more likely to be
discharged to rehabilitation facilities. No studies in
the literature examined this metric. There was also
no statistically significant difference between groups
in terms of hospital readmission in our study. One
smaller study found a lower readmission rate in the
standalone group.22 Our study found a higher
incidence of SSI in the standalone group (2.2%
versus 0%, P¼ .030), and no other studies listed this
metric. However, in general, rates of hospital
readmission and SSI are quite low after ACDF.

These results, both our own and from the literature,
suggest that there are not significant differences
between standalone cages and plated constructs in
terms of LOS, disposition, hospital readmission,
and SSI and that diabetes is a potential complicat-
ing factor in these patients.

Radiographic Outcomes

Cervical spine radiographic parameters, including
cervical lordosis, cervical SVA, and T1 slope, are
important to track in these patients and are
increasingly reported in the literature. Postoperative
anterior-posterior and lateral radiographs were
available for review in 180 of the 321 patients in
our cohort, and we compared these parameters
based on standalone versus plated constructs, as
well as need for revision surgery. Interestingly, we
found no significant difference in cervical lordosis,
cervical SVA, or T1 slope between the standalone
and cage-and-plate groups or between the revision
and nonrevision groups. On dynamic films, we did
find that more patients in the standalone group had
a change in interspinous distance greater than 2 mm
than in the cage-and-plate group (87.5% versus
38.5%, P ¼ .017), which implies that the cage-and-
plate construct is more rigid and conducive for bony
fusion. Nevertheless, this did not correlate with need
for revision. When reviewing the literature, several
studies showed greater segmental lordosis and
segmental height with the cage-and-plate con-
structs.24,27,33 Furthermore, 2 meta-analyses also
found greater restoration of cervical lordosis with
cage-and-plate constructs.3,6 Thus, cage-and-plate
constructs can provide more stability and better
alignment than standalone cages.

Limitations

There are several limitations to our study, the first
of which is the retrospective nature of our analysis
and its limitation to a single institution. Despite our
large sample size, there were significantly more
patients in the cage-and-plate group than in the
standalone group, which can skew the multivariate
analysis. Our sample size and reliance on retrospec-
tive documentation limit the conclusions that we
can draw regarding specific outcomes measures. We
excluded patients with prior cervical spine surgery,
which excluded a significant number of standalone
cases, since those constructs are commonly used for
ASD cases. Additionally, 1 attending surgeon
performed more of the standalone ACDFs, which
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can further skew the analysis and add selection bias,
and surgeon experience with specific devices may
influence outcomes. When tracking incidence of
dysphagia and hoarseness, we did not have objective
measures or scales and instead relied on clinical
documentation. Other objective clinical measures,
such as pain scores or neck disability index scores,
would have added to our study. In terms of
radiographic follow up, we did not have a stan-
dardized preoperative and postoperative imaging
protocol to evaluate radiographic changes between
the 2 groups analyzed. Only a small subset of
patients underwent flexion-extension x rays and
were included in our analysis of fusion-stability,
which limits the power of our radiographic statis-
tics. A more thorough tracking and analysis of ASD
over a longer period is also necessary but was not
the focus of this study.

CONCLUSIONS

Our literature review suggests that standalone
ACDF constructs may offer modest decreases in
operative time, blood loss, and dysphagia but
provide less stable fixation and less restoration of
cervical lordosis. Our study did not show these
benefits but also did not show any difference in
cervical spine radiographic parameters. We did
show a higher, but not statistically significant, rate
of revision surgery than conventional plate-and-
screw constructs, as well as greater motion on
dynamic radiographs. Spine surgeons may consider
limiting use of these constructs to adjacent segment
operations or on a case-by-case basis taking patient
comorbidities into consideration. Larger studies
with longer follow up are necessary to make more
definitive conclusions.
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