
Failure in Cervical Spinal Fusion and Current
Management Modalities
Terence Verla, MD, MPH1 David S. Xu, MD1 Matthew J. Davis, BS2

Edward M. Reece, MD, MBA, FACS, FAAP1,2 Michelle Kelly, PA-C2 Mervin Nunez, PA-C2

Sebastian J. Winocour, MD, MSc, FACS2 Alexander E. Ropper, MD1

1Department of Neurosurgery, Baylor College of Medicine,
Houston, Texas

2Division of Plastic Surgery, Michael E. DeBakey Department of
Surgery, Baylor College of Medicine, Houston, Texas

Semin Plast Surg 2021;35:10–13.

Address for correspondence Alexander E. Ropper, MD, Department
of Neurosurgery, Baylor College of Medicine, 7200 Cambridge Street,
Suite 9A, Houston, TX 77030 (e-mail: alexander.ropper@bcm.edu).

The cervical spine is a very mobile region of the spinal
column, and its relationship to the head and the rest of the
bodymakes it prone to injury. Commonpathologies affecting
the cervical spine include degenerative disc disease, spinal
fractures from trauma, infection, and tumors. Indications for
surgery depend on the underlying pathology, the presence of
spinal instability, severe deformity, or neurologic compro-
mise. These patients often present with cervical radiculop-
athy (nerve root impingement) or myelopathy (spinal cord
compression) with features such as pain, numbness, tingling,
weakness, and gait instability. Severe cases of instability and
stenosis may lead to quadriplegia in some circumstances.
Cervical spinal fusion can be indicated to treat these
pathologies.

Indications for Anterior versus Posterior
Approach

The decision to approach the spine anteriorly or posteriorly
depends on multiple factors, including the location of the
pathology, the involved spinal levels, the area of the bony
spinal column ring involved, and access to the diseased area.
Cervical spinal fusion has been performed for decades as
treatment for patients with symptomatic pathologies. Ante-
rior cervical discectomy and fusion (ACDF) is one of the most
common spine fusion procedures.1 Access for ACDF is
achieved by approaching the cervical spine from the anterior
neck, dissecting a plane medial to the sternocleidomastoid
muscle and carotid sheath, and retracting the central strap
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Abstract Failed fusion in the cervical spine is a multifactorial problem stemming from a
combination of patient and surgical factors. Patient-related risk factors such as steroid
use, poor bone quality, and smoking can be optimized preoperatively. Age, prior
radiation, prior surgery, and underlying genetics are nonmodifiable patient-centered
risk factors. Surgical risks for failed fusion include the number of segments fused,
anterior versus posterior approach for fusion, the type of bone graft, and the
instrumentation utilized. Many symptomatic cases of failed fusion (pseudarthrosis)
result in pain, neurological deficits, or loosened hardware necessitating a revision
surgery consisting of extending the prior construct and utilizing additional allografts or
autografts to augment the fusion. Given the relatively mobile nature of the cervical
spine, pseudoarthrosis (either known or anticipated) must be recognized by the spine
surgeon, and steps should be considered to optimize the likelihood of future fusion.
This consists of both performing a rigid fixation and using appropriate bone graft to
enhance the environment for arthrodesis. Vascularized bone grafts are a useful tool to
augment fusion and provide added structural stability in cases at high risk of
pseudoarthrosis.
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muscles, trachea, and hypopharynx/esophagus. In common
cases of degenerative discs resulting in symptomatic nerve
root of spinal cord compression, the intervertebral disc
material is then removed, and an allograft bone or artificial
spacer filled with bone graft material is inserted into the
empty disc space to promote fusion between the adjacent
cervical vertebrae. Tomaximize the probability of fusion, the
fused segments are immobilized by plates and screws.
However, in some cases where the anterior spine cannot
be accessed as such, or nature of pathology dictates a
posterior approach, dissection is performed down to the
posterior spinal elements (spinous process, lamina, lateral
mass, etc.) where instrumentation is placed laterally for
fixation. The central canal is then decompressed with lam-
inectomies. The facets and surrounding bony elements are
then decorticated, and bone-graft material is placed on
exposed surfaces to promote fusion.

Prior to thewidespread adoptionof internalfixation, spinal
fusion was performed for patients with moderate spinal
deformitywith decortication of the fusion bedandapplication
ofautograft. Thepatient’sneckwould thenbe immobilized ina
halo device or other external orthosis until arthrodesis was
achieved. The principles and goals of fusion are no different in
the current day, except thematerial advances in instrumenta-
tion have allowed not only internal fixation but also the ability
to correct more significant spinal deformities.

Failure in Cervical Spine Fusion

Despite the efforts to promote osseous fusion, pseudarth-
rosis (failed fusion) remains a significant complication that
should be anticipated in select cases and managed accord-
ingly. The rates of failed fusion in the cervical spine are quite
variable, ranging from 2 to �30%, with this variability partly
due to the inconsistent diagnostic measures used postoper-
atively and also the asymptomatic nature of many patients
with pseudarthrosis.2–4 However, in symptomatic patients
(with pain being the main complaint), revision surgery
is often required, as reoperation has a tremendous effect
on patient quality of life outcomes; but revision surgery also
comes with a significant economic burden on the healthcare
system.2 As such, the initial fusion operation should be
maximally optimized.

Risk Factors for Failure of Fusion in Cervical
Spine

There are several factors that affect the degree of fusion
following cervical spine surgery. The exact etiology of pseu-
darthrosis remains unclear and is certainly multifactorial.
Factors influencing fusion can be divided into two broad
categories: patient-related factors and surgical factors. Com-
mon patient-related risk factors include low bone mineral
density (e.g., osteoporosis), chronic steroid use, smoking,
diabetes, poor nutrition, and obesity.5–8 Other metabolic dis-
orders—especially those that affect osteoblast and osteoclast
homeostasis and bone formation—can precipitate failure of
fusion. Some of these factors are modifiable and are often

optimized preoperatively to enhance outcomes. Surgical fac-
tors vary and include surgical approach (anterior vs. posterior
vs. combined anterior–posterior fusion), multilevel fusion,
lack of thorough disc space preparation, the use of anterior
plating, and the type of bone graft material utilized (allograft
vs. autograft).9–11 Obtaining a durable fusion at the craniocer-
vical junction is especially challenging given the majority of
normal head and neck motion is a result of the mobile
occipital–C1 and C1–2 joints, as well as the paucity of bony
posterior elements to decorticate as a fusion bed. These risk
factors, alone or in combination, are just a subset of the
multidimensional phenomenon underlying failed cervical
spinal fusion.

Diagnosis of Cervical Spine Pseudarthrosis

Somecasesof pseudarthrosis are found incidentallyon routine
postoperative imaging especially when the patient is asymp-
tomatic. For symptomatic patients presenting with new neck
pain, radiculopathy or myelopathy, the degree of osseous
fusion in the cervical spine can be assessed with computed
tomography (CT) scan or plain X-rays. On a thin-cut CT image,
fusion is indicated by the presence of bridging bone formation
between vertebral bodies, facet joints, or in the posterior–
lateral elements of the cervical spine. OnX-rays, bridging bone
can sometimes be seen in the vertebral body-graft interface,
but the reliability of this finding as a measure of fusion is not
highly reproducible. Moreover, it is rather challenging to
decipher fusion of posterior elements on plain X-rays given
the small size of the posterior facet joints. For severe cases of
failed fusion, the presence of loose or displaced fixation
hardware or dynamic motion on flexion–extension X-rays
could be useful in diagnosis.4

Management of Fusion Failure

For asymptomatic patients with incidental pseudarthrosis
alone, conservative management is often the preferred treat-
ment option. Despite a failed fusion, these patientsmay have a
stable nonunionwithfibrous tissuebridging thebone. Inmany
cases, this fibrous tissue will prevent abnormal translation of
adjacent segments and prevent further canal compromise or
hardware loosening. Optimization of patient-related risk fac-
tors such as smoking, poor nutrition, osteopenia/osteoporosis,
obesity, diabetes, and others may also improve outcomes. By
addressing these comorbidities, patients also become better
suited for enhanced outcomes in the event of a revision
surgery.

Surgery for pseudarthrosis isusually indicated for symptom-
atic patients. Based on the initial surgical approach (anterior or
posterior), the decision is carefullymade onhow to address the
failed fusion. There is a benefit to re-exploring the anterior
approach during the revision surgery because it offers the
ability to explore the pseudarthrosis site, to change the
bone-graft material, to utilize autograft, and to implant a
more stable biomechanical construct to enhance fusion. Alter-
natively, a posterior fixation and fusion following a failed
anterior approach offers the advantage of a native bony
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interface for fusion, and the literature suggests evidence of
improved fusion rates and patient outcomes when this ap-
proach is taken.5,12–14 In some advanced cases of failed fusion
with segmental instabilityandassociatedkyphotic deformity, a
combined anterior–posterior approach may be suitable to
achieve a durable arthrodesis.

Intraoperative Adjuncts to Enhance Spinal
Fusion

The choiceof intraoperative adjuncts to enhance cervical spine
fusion depends on the surgical approach. For anterior cervical
fusion, studies have shown that the presence of autograft as
the choice of bone graft yields higher fusion rates compared
with allografts. Allografts such as cadaveric fibular struts are
frequently used in cervical corpectomy surgeries to play a role
in structural support and fusion augmentation, and this
approach is known to promote fusion more than expandable
cages. In rare cases, afibular freeflaphashistoricallybeenused
for large defects at high risk of pseudarthrosis.

For posterior cervical spinal fusion cases, fusion is typically
enhanced by adequate decortication of the facet joints and
posterior bony elements, a combination of crushed autografts
and artificial bone graft extenders or allograft, and the use of
structural allografts. Autologous iliac crest bone graft is an
excellent option for both anterior and posterior cervical fusion
graft material. However, there aremorbidities associatedwith
the harvest site, including infection, pain, and the need for an
additional surgical site.

Both autologous and allogenic bone grafts lack the vascu-
larity that is critical to postoperative bone formation and
subsequent fusion. Despite iliac crest grafts being osteocon-
ductive, osteoinductive, and osteogenic, the absence of the

Fig. 1 Computed tomography of the cervical spine showing anterior
cervical discectomy and fusion with plating at C5 to T1, pseudarth-
rosis (failed fusion), subsidence (interbody cage migration), and
loosening of hardware (screws and plate).

Fig. 2 Patient underwent C4 toT2 decompression, fixation, and fusion with the use of autografts and allografts for fusion. (A) Anterior/posterior
X-rays and (B) lateral X-rays showing instrumentation from C4 to T2.
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graft’s vascularity after harvest is a limitationwhen utilized in
the cervical spine. A novel, vascularized approach to augment
arthrodesis in the cervical spine is the utilization of vascular-
ized bone grafts (VBGs). Common sites of harvest for cervical
spine fusion include the occipital VBG for high cervical and
occipitocervical fusion, the medial scapula VBG for midcer-
vical fusio, and rib VBGs for lower cervical or cervicothoracic
fusion. Advantages of VBGs include their cellular viability,
structural integrity, revascularization and remodeling of
adjacent bone, greater resistance to infection and higher,
and faster fusion rates. Access to these VBGs is made mostly
through the same surgical incision without any significant
added morbidity.

Case Illustration

A 70-year-old female with a history of rheumatoid arthritis,
chronic back pain, and scoliosis presented with cervical
radiculopathy. She underwent a multilevel ACDF at C5–T1
to treat the cervical stenosis causing compressive radicul-
opathy and myelopathy. Poly-ether ether ketone interbody
spacers filled with bone graft were placed in the disc spaces
to facilitate intervertebral fusion. She had an excellent initial
neurological recovery after this surgery. However, 3 years
later she presented with neck pain and recurrent cervical
radiculopathy. CT scan of the cervical spine showed pseu-
darthrosis in the anterior cervical spinewith loosening of the
screws and plating and also subsidence (migration) of the
cage into the vertebral bodies (►Fig. 1). Given her symptom-
atic pseudarthrosis, together with cervical–thoracic defor-
mity, a revision surgery was performed. An anterior
approach was avoided given the number of vertebral bodies
involved, compromised bony elements, and the risk of injury
to surrounding structures from exposure (vessels, esopha-
gus, laryngeal nerves, etc.). She therefore underwent a
posterior approach involving decompression and instru-
mented fusion from C4 to T2 (►Fig. 2) with utilization of
biologics (allograft cellular bone graft), allografts, and locally
harvested autograft. Surgery was without complications and
she continues to recover.

The complication of pseudarthrosis following this
patient’s cervical fusion suggests that perhaps a more
robust operation should have been initially chosen to
optimize her potential for successful fusion. VBGs could
be utilized in settings such as these to augment cervical
fusion.
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