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Abstract Background: Anterior cervical fusion offers sur-
geons a safe and reliable surgical option for single-level and
multilevel pathology; however, multilevel fusions pose a
higher risk of complications than single-level fusions,
including possible pseudoarthrosis, adjacent segment dis-
ease, sagittal imbalance, and construct subsidence. Vari-
ous techniques can be used to mitigate risk in multilevel
anterior cervical fusion. Questions/Purposes: We
reviewed the literature to determine the best surgical
strategies in multilevel anterior cervical fusion. Methods:
We searched the PubMed database for articles published
from January 1980 through July 2019. Two authors
identified relevant articles and then manually screened
them for others to include in this review. Results: We
initially identified 1936 articles and included 48 in our
review. We found that clinical outcomes of multilevel
anterior cervical fusion can be optimized through the
use of biologics and graft selection, the evaluation of
pre-existing deformity, the assessment of comorbidities,
and the selection of fusion levels. Meticulous surgical
technique in conjunction with modern surgical tools,
such as instrumentation and biologics, allow surgeons
to address complex cervical problems while limiting
morbidity and enhancing clinical outcomes. Conclusions:
Multilevel anterior cervical fusions offer a relatively safe
and reliable treatment option for both single-level and
multilevel pathology.
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Introduction

The anterior approach to the cervical spine, most notably in
anterior cervical discectomy and fusion (ACDF), is a well-
established method of addressing cervical degenerative dis-
eases, fractures, and pathology that has demonstrated excep-
tional success rates and long-term outcomes [7]. Studies
have found fusion rates upward of 90% following single-
level ACDF for cervical myelopathy [14, 51]. The high
fusion rate associated with this procedure has been attributed
to various factors, including the addition of interbody cages
and anterior plating [18, 36]. The evolution of single-level
and multilevel discectomy in conjunction with single-level
and multilevel corpectomy has expanded surgeons’ ability to
address cervical pathology.

Simultaneously, biologics and graft extenders have
played an ever-expanding role in augmenting fusion con-
structs. Bone grafts and substitutes have been imperative in
achieving fusions [6, 21, 27, 50]. Iliac crest bone grafting is
the gold standard for autogenous bone graft options, al-
though its association with donor site morbidity has made
it unattractive. Current bone graft substitutes have been
designed to promote fusion by enhancing osteogenic prop-
erties. Bone graft substitutes and fusion extenders, such as
demineralized bone graft (DBM), allografts, ceramics, and
ingrowth/ongrowth cages, have an expanding role in anteri-
or cervical surgery.

Established surgical techniques are well described within
the literature and have a significant impact on achieving
fusion. Meticulous dissection optimizing the field of view,
thorough endplate preparation, appropriate graft/cage sizing
and placement, and plate application serve as the fundamen-
tal steps in optimizing fusion. Pre-operative planning for
multilevel fusion should account for concomitant cervical
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deformity, which must be assessed and corrected by an
anterior and/or posterior construct, when necessary. The
development of adjacent segment disease (ASD), further
amplified in multilevel fusion, can significantly affect the
success of these surgeries. Higher rates of pseudoarthrosis,
graft dislodgement, and instrumentation failures pose real
threats to achieving multilevel fusions.

We reviewed the literature and provide the following
overview of evidence-based multilevel anterior cervical fu-
sion techniques for enhancing outcomes while minimizing
risks.

Methods/Search Strategy and Criteria

We sought to identify longitudinal studies including ran-
domized controlled trials (RCTs), observational case-
control studies, and prospective and retrospective cohort
studies reporting on the success of multilevel ACDF, strat-
egies for improving fusion rates, and risk factors for
pseudoarthrosis. The PubMed database was queried using
a combination of free and MeSH (Medical Subject Head-
ings) search parameters related to the surgical intervention.
Two authors independently performed the PubMed search to
identify studies published between January 1, 1980, and
July 1, 2019, using combinations of the following search
terms: “anterior cervical discectomy and fusion,” “ACDF,”
“anterior cervical fusion,” “multilevel anterior cervical fu-
sion,” “multilevel ACDF,” “spine biologics,” “adjacent seg-
ment disease,” “cervical deformity,” and “cervical spine
osteoporosis.” All English language studies on human sub-
jects were included. The cited papers in the originally iden-
tified articles were also reviewed, ensuring that all eligible
articles were identified and included. A list of relevant
articles was identified using these search terms by two
authors (M.M., J.W.) and were manually screened for inclu-
sion in this current review.

Studies involving patients younger than 18 years old,
tumors, or infection were excluded from the review (Fig. 1).

Results

Bone grafts and novel bone graft substitutes play a key role
in the successful performance of ACDF. Autogenous bone
grafting serves as the gold standard for spinal fusion, with its
osteoconductive, osteoinductive, and osteogenic compo-
nents. The introduction of allograft as a viable alternative
led to an array of studies focusing on grafting and graft
extenders. The use of allograft in cervical spinal fusion has
been widely reported, with many surgeons recognizing it as
a mainstay treatment with dependable results. However, no
one substitute encompasses the innate capabilities of auto-
graft; thus, much of the literature has focused on bone
substitute’s fusion potential against that of autogenous bone
graft. It is important for spine surgeons to understand the
outcomes associated with these graft options and their po-
tential in multilevel cervical fusion.

A recent prospective randomized trial of a variety of
preserved allograft implants in cervical fusion reported
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Fig. 1. Flowchart demonstrating the literature review result.

fusion rates greater than 95%, further confirming the favor-
able rates seen in other studies [20]. Another prospective
study comparing autograft and allograft in ACDFs found no
significant difference between fusion rates and graft collapse
for both one or two level fusions, further endorsing allo-
graft’s reliability in both single and multilevel fusions [41].
The routine application of anterior plating with allograft in
single and multilevel anterior cervical fusions has further
enhanced fusion rates placing allograft/plate constructs as
the standard [26, 46, 47].

Demineralized bone matrix (DBM) is derived from acid
extraction of allograft bone, which yields a combination of
organic matrix proteins and minor amounts of growth dif-
ferentiation factors [48]. DBM offers surgeons an easily
accessible graft extender that demonstrates the capacity to
stimulate an osteoinductive response, providing improved
bone growth and fusion. DBM is osteoconductive but does
not provide structural support, and its osteoinductive prop-
erties can be denuded during the sterilization process [4].
Surgeons can optimize osteogenic factors and pluripotential
cells by adding bone marrow aspirate to the DBM prior to
implantation into the graft or cage construct. The authors
advocate mixing the graft with bone marrow aspirate, when
available, or autogenous local bone graft from the surgical
field.

Ceramics are one of the most widely studied groups of
bone substitutes in spinal fusion. It functions as an
osteoconductive material providing scaffolding for bone
formation and is composed of a biodegradable composite.
Ceramic implants have a porous structure resembling can-
cellous bone that enhances ingrowth of bone while offering
scaffolding with significant mechanical strength secondary
to a crystallized composite. Studies have demonstrated sat-
isfactory outcomes and good efficacy with the use of
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ceramics compared to autologous bone grafts [15, 16]. Pro-
spective and retrospective studies comparing implantable
cages have demonstrated successful outcomes and high fu-
sion rates in multilevel fusions with ceramic cages [11, 42].
One unique subset of ceramic bone substitutes is silicate
substituted calcium phosphate, which is composed of both
osteoconductive and osteoinductive properties. It is purport-
ed that its osteoinductive ability originates from silicate’s
negative charge, which attracts osteoblasts to the ceramic
implant [28]. Ceramic bone substitutes have demonstrated
good clinical outcomes and fusion rates, making it a viable
bone substitute in multilevel and/or revision fusion. Specif-
ically for multilevel anterior cervical fusion, the senior au-
thor’s preferred method is a compilation of a ceramic bone
graft extender in addition to autogenous bone graft (local
bone or iliac crest graft) placed in and around the interbody
cage. Figure 2a shows a radiograph of a patient with a prior
C4-C6 ACDF, with notable C5-C6 pseudoarthrosis and
C6—C7 spondylosis and radiculopathy. Figure 2b shows a
post-operative radiograph of the same patient with revision
C5-C6 and C6-C7 ACDF with iliac crest autograft and
BioSphere® synthetic bone graft substitute (Fig. 2).

Bone morphogenic protein (BMP) is the most widely
represented bone graft extender in the literature. BMPs are a
part of the transforming growth factor beta family of proteins
and have osteoinductive properties. BMP-2 is approved by the
US Food and Drug Administration (FDA) to augment fusion
in anterior lumbar surgery; its use in the cervical spine is an
off-label application. Nonetheless, increasing trends of BMP
in the cervical spine were identified in the early 2000s, with a
precipitous decline of use in the anterior cervical spine that
resulted from evidence of potential risks such as soft tissue
swelling, dysphagia, radiculitis, seroma, heterotopic ossifica-
tion, and cancer [3, 5, 8, 49]. The complication profile associ-
ated with BMP invalidates routine use of this bone graft
extender in anterior cervical fusion.

Osteoporosis is a comorbidity that remains a significant risk
factor for unsuccessful outcome when cervical spine fusion is
contemplated. Osteoporosis affects a significant number of
Americans, with the highest prevalence among the older adults
and women [10]. Patients with osteoporosis have associated
increases in comorbidities, and those undergoing spine surgery
are at a greater risk for fusion construct failure and
pseudoarthrosis [22]. Treating surgeons must identify patients
at risk for osteoporosis and initiate medical optimization before
surgery. A recent survey of spine surgeons found that less than
45% perform bone density tests and only 12% order metabolic
bone health panels prior to spine fusion in patients with
suspected osteoporosis or osteomalacia [13]. Appropriate pre-
operative bone health studies in patients at high risk of osteo-
porosis include metabolic bone health panels (vitamin D, para-
thyroid hormone, thyroid-stimulating hormone, albumin, and
pre-albumin levels) and dual-energy X-ray absorptiometry
(DEXA) scans to evaluate bone mineral density. Quantitative
computed tomography (qCT) can be used as an alternative [9].
In the setting of multilevel anterior cervical fusion, optimizing
bone health can pay dividends as some of these metabolic
abnormalities, such as vitamin D deficiency, can be reversed,
promoting higher fusion rates [1, 33]. Pharmacotherapeutic
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strategies are helpful during the perioperative period in address-
ing both lower fusion rates and low bone density among this

Fig. 2. A multilevel C4-C6 revision anterior cervical discectomy and fusion
(ACDF) secondary to C5—C6 pseudoarthrosis with use of a iliac crest auto-
graft and b ceramics bone graft substitute packed in titanium interbody cages.
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population. Current literature supports the use of teriparatide
during the pre- and post-operative period, since it has been
shown to increase fusion mass and fusion rates while decreas-
ing the risk of bone—implant failure [17, 29]. Given the impact
of vitamin D on spinal fusion and the prevalence of deficiency,
we recommend pre-operative testing of serum vitamin D levels
prior to both primary and revision cervical procedures. Thresh-
olds for vitamin D levels, which are well established in the
literature (Table 1) [25, 39], should be used to institute treat-
ment. Patients deficient in vitamin D are typically prescribed
50,000 IU of oral vitamin D2 (ergocalciferol) per week for 8
weeks, followed by maintenance therapy of 1500-2000 IU/day
[25]. We advocate proper screening through DEXA scans,
obtaining vitamin D levels of suspected osteoporosis patients,
and the use of perioperative interventions in those undergoing
multilevel anterior cervical fusions.

The poor bone quality posed by osteoporosis increases
the risk of catastrophic failure, such as bone—implant failure
and interbody cage subsidence. Decisions on fusion con-
structs should account for these patients’ predisposition to
pseudoarthrosis, adjacent-level degeneration, progressive
junctional kyphosis, and compressions fractures [12, 31].
With patients with severe osteoporosis, fixation options
may be limited, compelling surgeons to choose more com-
plex constructs, such as combined anterior-posterior fixa-
tion. In assessing the need for anterior and posterior fixation,
surgeons must account for bone quality, sagittal deformity,
and the integrity of fixation while calculating the risk of
construct failure and future revisions.

Although a discussion of interbody cage properties is
outside the scope of this review, it is important to mention
technical strategies with graft sizing and selection. Graft
subsidence in the setting of osteoporosis requires surgeons
to consider endplate preparation, relative size of cage, and
amount of Caspar distraction. Preservation of the structural
integrity of endplates and graft contact with peripheral cor-
tical bone has been shown to decrease subsidence, especially
in patients with osteoporosis [37, 43, 45]. Increasing the size
of the cage footprint to fit the vertebral endplate morphology
has demonstrated lower rates of subsidence and is recom-
mended [43]. Surgeons should be aware of the amount of
distraction placed through Caspar pins to avoid cutout and
over-distraction, which can potentiate graft subsidence. Fi-
nally, although debate continues over specific instrumenta-
tion, we feel that endplate preparation, patient selection, pre-
operative medical optimization, and precise surgical tech-
nique remain the most important factors in achieving suc-
cessful anterior cervical fusion.

In an effort to optimize multilevel anterior cervical fu-
sion, one would be remiss in not considering the etiology of
the pathology and the overall sagittal balance of the spine. It
is important to fully assess any degree of cervical deformity
and determine whether the offending pathology can be treat-
ed anteriorly or if it is best addressed posteriorly. New
advances in cervical interbody cages and anterior plating
provide surgeons the ability to achieve and maintain some
degree of cervical deformity correction. However, increasing
sagittal malalignment can overwhelm the capabilities of
anterior constructs and thus the role of posterior
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augmentation (Fig. 3). Traditional thinking regarding ante-
rior versus posterior cervical spine procedures, first, delin-
eates the number of compressed levels, typically three or
more warrant a combined or posterior alone procedure, and
second, the amount of kyphosis, which can dictate the
amount of anterior column support required for correction
[2, 32, 38]. Sagittal cervical Cobb angle, measured as the
angle between vertical lines drawn from lines parallel to the
inferior endplates of C2 and C7, and C2—C7 sagittal vertical
axis (SVA), measured as the deviation of the C2 plumb line
from the posterior superior endplate of C7, quantify the
degree of kyphosis or lordosis and the cervical sagittal
alignment, respectively. These parameters demonstrate sig-
nificant impact in selection of approach, post-operative dis-
ability scores and optimal post-operative cervical sagittal
alignment [2, 23, 40, 44]. Surgical decisions optimizing
multilevel cervical fusion should take into account the num-
ber of levels of compression/pathology and sagittal align-
ment; these factors, in conjunction with patient’s
comorbidities, should serve as the basis for the decision to
proceed with an anterior, posterior, or combined fusion
construct.

The development of adjacent segment disease (ASD) is a
matter of major concern, given the widespread use of anterior
cervical spine fusion. Hilibrand et al., in a classic study
assessing long-term outcomes of ACDF, demonstrated the rate
of developing symptomatic ASD to be 2.9%, with a preva-
lence of roughly 25% within 10 years of the index fusion [24].
Also, the same study found multilevel fusion to have lower
rates of ASD, which are likely to include at-risk segments,
primarily C5—C7. Regardless of the fusion length, ASD is a
significant clinical problem that should be addressed prior to
anterior fusion and monitored post-operatively. The etiology
of ASD remains somewhat controversial, with the literature
supporting both notions of increased biomechanical stress
placed on adjacent disk space and the continued natural his-
tory of cervical spondylosis. The etiology and prevalence of
ASD is outside the scope of this review.

When considering strategies for preventing ASD,
surgeons should recognize that the majority of ASD is
not a result of poor surgical execution or planning.
Although ASD is considered largely unavoidable, sur-
geons should consider pre- and intra-operative tactics to
minimize risk of future ASD. First, as previously men-
tioned, it is important to keep in mind sagittal alignment
parameters associated with cervical deformity and the
intended preserved motion segments. Reducing lordosis
and increasing kyphosis in the cervical spine alters
biomechanics leading to abnormal stress concentrations
and degeneration at adjacent segments [35]. Intra-opera-
tively, surgeons should pay close attention to using an
appropriate-size interbody and contoured plate so as to
not under- or over-distract the intervertebral segment.

Second, thoughtful selection of fusion level is an
important ASD-prevention strategy; studies have demon-
strated that pre-existing degenerative changes and sur-
gery performed adjacent to C5-C6 and C6-C7 are
associated with ASD [24, 30]. Fusions adjacent to C5—
C6 and C6-C7 should give pause for critical assessment
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Table 1 Serum 25-hydroxyvitamin D [25(OH)D] concentrations and health

nmol/L ng/mL Health status

<30 <12 Vitamin D deficiency, leading to rickets in infants
and children and osteomalacia in adults

30 to <50 12 to <20 Vitamin D insufficiency

>50 >20 Generally considered adequate for the bone
and overall health in healthy individuals

>125 >50 Emerging evidence links potential adverse effects

to such high levels, particularly >150 nmol/L (>60 ng/mL)

and surgeons should have a low threshold to include
adjacent degenerative levels in the planned fusion. Ad-
ditionally, flexion and extension radiographs can be use-
ful in identifying hypermobile adjacent segments that are
also at greater risk for ASD.

Last, meticulous dissection and precise surgical technique
are vital in preserving key structures, such as the adjacent
annulus, cranial and caudal anterior longitudinal ligament
(ALL), and longus colli. Seemingly trivial aberrant placement

of the localizing needle or excessive dissection of the longus
colli have been associated with increased risk of developing
ASD, further stressing the importance of detailed surgical
techniques [19, 34]. Of the strategies to minimize surgical
dissection and optimize instrumentation, we recommend the
use of a hemostat clamp as a localizing tool in order to avoid
violating the ALL and/or annulus. Regrading plate selection
and placement, the shortest plate is recommended so as to
maximize distance between the cranial and caudal endplates

BT e

Fig. 3. a, b, ¢ A 76-year-old man who initially presented with myelopathy and was treated with a C3—C4 ariterior cervical discectomy and fusion
(ACDF) complicated by pseudoarthrosis that was addressed with a posterior spinal fusion. ¢ Iatrogenic kyphotic deformity was addressed with a

C4-C7 ACDF and d C2-T2 posterior spinal fusion.
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and the end of the plate, which optimally is 5 mm or more.
Furthermore, drilling should proceed in a trajectory away from
the fused disc space both cranially and caudally so as to
improve the working length of the construct.

Discussion

Anterior cervical fusion offers surgeons a dependable and
reproducible treatment option for both single-level and multi-
level cervical spine disease. Although anterior cervical fusion is
one of the most common spine surgeries, it has inherent risk but
appropriately addressing those risks makes it a safe and pow-
erful surgery. Advances in fusion biologics and graft extenders
have provided a host of new options that provide similar fusion
rates to autogenous bone graft without the associated morbidity.
Combining graft extenders to potentiate osteoconductive and
osteoinductive properties in concert exploit current technolo-
gies to maximize fusion rates and improve clinical outcomes.
Understanding patient comorbidities, such as osteoporosis, al-
low surgeons to proactively address pre-operative bone quality
while decreasing the risk of intra- or post-operative instrumen-
tation failure and/or graft subsidence. Surgeons who critically
analyze pre-operative imaging offer their patients solutions to
focal cervical pathologies while simultaneously employing pre-
vention strategies to improve or maintain overall sagittal align-
ment. Clinically relevant adjacent segment pathology can
significantly impact long term outcomes of multilevel anterior
cervical fusions and surgeons should consider techniques to
decrease potential ASD. In this review article, we offer a variety
of strategies for surgeons looking to optimize outcomes for
patients undergoing multilevel anterior cervical fusions.
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