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Abstract
Two common complications that occur in cervical surgery are malalignment, particularly
after multilevel laminectomies, and nonunions. In both clinical situations, prevention and
early recognition are critical in its respective clinical management. In postlaminectomy
kyphosis, the prevailing cause is an alteration in the normal spinal biomechanics. The
exact incidence is unknown; however, when this malalignment occurs, significant
morbidity may be inflicted on the patient. Surgical treatment is the mainstay once a
patient becomes symptomatic. Anterior cervical procedures are heavily utilized in the
correction of the deformity. Like postlaminetomy kyphosis, nonunions can also largely
be prevented. The incidence of pseudarthrosis has ranged from 0-50%. With advances in
instrumentation and attention to surgical detail, the incidence has decreased. Fortunately,
not all nonunions are symptomatic and warrant treatment. If symptomatic nonunion does
occur, surgical options exist; anterior, posterior, and combined cervical procedures are
viable options depending on the pathology. As the rate of cervical procedures increase in
today’s population, it is paramount for any spine surgeon to be aware of these
complications. Fortunately, if these complications do occur, the surgeon is armed with
various methods to treat these deformities.

Postlaminectomy Kyphosis
Normal cervical lordosis ranges from 15-35 degrees1,2. This sagittal curve results
in preferential load distribution to the posterior elements; however, the vertebral body,
facet joints and surrounding capsule, interspinous ligaments, and paraxial cervical spine
musculature all contribute to the stabilization of lordosis. In cases where these structures
are weakened or disturbed, this critical balance may result in cervical kyphosis.

The causes of cervical kyphosis are numerous, yet a common etiology is via
iatrogenic means, particularly due to aggressive facet resections in multilevel
laminectomies. Several studies have demonstrated that progressive facet resection results
in cervical spine instability3-6. For example, Zdeblick et al reported that foraminotomies
involving removal of greater than 50% of the facet resulted in segmental hypermobility5,
while Cusick et al found a 32% decrease in flexion-compression strength with unilateral
facetectomy3. Removal of 50% of the facet capsule alone also results in significant
mobility during flexion and extension7. Furthermore, disruption of the posterior tension
band and denervation of the posterior cervical musculature can result in progressively
increasing anterior compression loads that result in deformity, offering an explanation for
the incidence of postoperative kyphosis in laminoplasty patients8,9. Other risk factors for
post-surgical kyphosis include age, preoperative sagittal alignment, intra-operative
positioning, anterior graft complications such as extrusion and collapse, and posterior
fusion without instrumentation. Regardless of the iatrogenic insult, hypermobility of the
spine transfers load to the anterior column often leading to kyphosis. It should be noted,

however, that extensive multilevel laminectomies do not immediately destabilize the
spine. This article will discuss the specific management for postlaminectomy kyphosis.

The exact incidence of postlaminectomy kyphosis is unknown; however, the
incidence has been estimated at 20%10. Furthermore, literature suggests that the incidence
is higher in the younger population11,12, likely a result of incomplete bone formation,
resultant wedging deformity, and excessive motion of intervertebral spaces with cervical
motion13. In addition, the pediatric population is exposed to radiation in conjunction with
posterior cervical fusion. Radiation can result in bone death and impaired bone growth14,
ultimately leading to kyphosis. In contrast, the adult population typically suffers from
diffuse spondylosis, in effect stabilizing the cervical spine and preventing kyphosis15.

Early recognition of clinical symptoms due to postlaminectomy kyphosis is
paramount in treatment. The typical clinical presentation of kyphosis is back or neck
pain. Albert and Vaccaro described a “honeymoon” period when patients after
laminectomy have transient improvement of neurological symptoms or remain
symptomatically unchanged. As sagittal deformity occurs, the head assumes a position
over the torso, placing the paraspinal musculature at a disadvantage. Eventually, muscle
fatigue, facet joint arthopathy, or radiculopathy due to foraminal compression ensue, and
if the deformity continues to progress, neurological symptoms such as myelopathy may
appear16.

If kyphosis is suspected, radiographic evaluation includes static (Fig 1a) and
dynamic radiographs. The extension radiograph will demonstrate the degree of lordosis
that can be obtained. If a fixed sagittal deformity is discovered, a computerized
tomography (CT) scan may be necessary for better bony evaluation as well as vertebral
artery anatomy, both of which are paramount for surgical planning if a corpectomy is
needed. A magnetic resonance image (MRI) is critical as well as this study can determine
the cause of neurological symptoms and evaluate for intrinsic abnormalities to the cord
that may increase the risk of surgery, such as myelomalacia, syrinx formation, and spinal
cord atrophy (Fig 1b-c).

Once symptomatic kyphosis occurs, surgical goals are to correct the sagittal plane
deformity, stabilize the spine, and decompress any neural compression. In patients with
flexible deformities and no ventral compression of the cord, an isolated posterior spinal
fusion may suffice. Intraoperatively, the patient should be placed in a neutral position in a
headholder to facilitate exposure and placement of instrumentation. Prior to final
tightening of the instrumentation, the head should be extended to achieve lordosis. It
should be noted, however, that whenever the cervical spine is extended, iatrogenic
foraminal stenosis can potentially occur and should be treated accordingly.

In other clinical situations, an anterior procedure should be included in the
treatment plan. Fixed deformities with ankylotic facets should be treated with a posterior
release supplemented with anterior correction. In fixed deformities without ankyloses, an
anterior corpectomy or multiple level discectomies and fusion can be utilized. Studies,

however, have demonstrated that an anterior construct alone increases the graft extrusion
rate, so a posterior fusion usually is included as well15,17-20. Riew et al reported on
eighteen patients with postlaminectomy kyphosis treated with multilevel corpectomies
with anterior strut grafting17. Nine of the eleven complications were graft-related,
resulting in the alteration in treatment protocol to include a circumferential fusion.
Moreover, Herman and Sonntag studied twenty patients with postlaminectomy kyphosis
in whom the mean kyphosis was 38 degrees. Traction improved the angle by 8 degrees.
Open reduction via only an anterior approach and corpectomy improved the mean to 28
degrees20. Steinmetz et al achieved on average 20 degrees of correction with the use of
only an anterior approach21. Multilevel anterior cervical discectomies and fusion provide
greater segmental correction in the sagittal plane than corpectomies, yet segmental
posterior fixation will also be required for definitive treatment. The authors’ preference is
if there is ventral spinal cord compression by the vertebral bodies, corpectomies are
recommended (Fig 1d-e). If, however, the patient does not have myelopathic findings
and cord compression, but rather suffers from disc pathology, discectomies are
recommended.

In summary, postlaminectomy kyphosis is a problem most spine surgeons will
encounter. Various causes exist for this iatrogenic deformity including age, preoperative
sagittal alignment, intraoperative positioning, graft complications, and overly-aggressive
facetectomies. The main strategy in the treatment of postlaminectomy kyphosis is
prevention; however, when deformity occurs, earlier recognition is vital. Surgical
correction can be achieved by anterior, posterior, and combined approaches.

Cervical Pseudarthrosis

Anterior cervical discectomy and fusion (ACDF) has been highly successful in
the treatment of disc herniation and spondylosis22. Despite the popularity of this
procedure, the risk of pseudarthrosis after ACDF is an important complication, similar to
that seen after lumbar spine fusions. The incidence of ACDF has been reported between
0-50%23-29. More specifically, for 1, 2, and 3-level fusion, the fusion rates are 88-90%,
73-80%, and 70%, respectively30,31. Rates vary in the literature as there is no one standard
radiographic criteria for determining osseous fusion32. Fortunately, all pseudarthroses are
not symptomatic, and treatment of symptomatic patients yields good to excellent results
if fusion is ultimately achieved33-35. Studies have demonstrated that 30% of patients with
pseudarthrosis may not need surgery29,35,36.

Patients with persistent or recurrent neck pain after ACDF should be evaluated for
pseudarthrosis. Patients may also endorse persistent radicular symptoms23,37,38.
Radiographs and advanced imaging should be ordered (Fig 2a-b); however, the only gold
standard is surgical exploration. Radiographic markers that suggest pseudarthrosis
include a radiolucent strip at the vertebral body-graft interface, increasing kyphosis,
loosening of hardware, and more than 2 mm change in the interspinous process distance
during flexion-extension32. CT is the preferred method of visualizing the fusion mass and
local anatomy, although metal artifact from instrumentation may obscure the images (Fig
2c-d).

The goal in treating pseudarthrosis is prevention and achievement of solid fusion.
Prevention can be classified into patient and surgeon factors. Patient factors include
optimizing diabetic control and eliminating smoking. For surgeons, meticulous surgical
technique is the most important factor. To help ensure that adequate discectomy has
occurred, the uncovertebral joint serves as the lateral boundary, and the posterior
longitudinal ligament depicts the posterior border. Endplate preparation should be
meticulous to remove enough cortical bone to yield a flat, bleeding, bony surface.
Without this perfusion, bony ingrowth will be limited, increasing the risk for
pseudarthrosis. In addition, if instrumentation is used, traction should be reduced by 5
pounds prior to screw placement. The authors’ preference is to use a 3 mm burr to create
perforating holes in the endplate to promote vascularity and healing. One central hole is
preferable to multiple smaller holes in the endplate for vascularity of the bone graft
because it reduces the surface area exposed to fracture stress in the endplate39. The
endplates are then distracted 2 mm40 before inserting the graft, and subsequently are
countersunk 2 mm with the cortical surface positioned anteriorly. A bone drill is also
utilized to prepare proper application of the plate device to a smooth anterior cervical
surface.

To further prevent the risk of pseudarthrosis, variations in graft selection and
instrumentation exist. Grafts range from autograft, allograft, and cages with biological
factors. Various studies have demonstrated equivalent fusion results between iliac crest
autograft, allograft, or cage in combination with plate fixation41-45. The downside of
autograft is the morbidity associated with iliac crest harvesting46. Donor site morbidity

has been reported between 10-20%38,47,48. Samartzis et al has reported a high fusion rate
(97.5%) in tricortical iliac crest allograft and autograft in one level ACDF with rigid
fixation49; therefore, the authors support allograft fixation as it eliminates donor site
morbidity. Others have reported inferior fusion rates with allograft fixation particularly
in multilevel ACDF{Bishop, 1996 #83}{Zdeblick, 1991 #65}{Zhang, 1983 #82},
however, and the type of allograft utilized and surgical technique might play a factor.

Precise indications for situations when the use of instrumentation is imperative
have yet to be defined. Some authors suggest that the use of rigid or semi-rigid plates
may be costly and unnecessary for routine use in single-level degenerative
ACDF{Zaveri, 2001 #87}{Samartzis, 2004 #86}{Wang, 1999 #85}{Connolly, 1996
#84}. Plates, however, allow earlier mobilization, cost-effectiveness, decreased need for
external orthosis, a decrease rate of graft dislodgement and migration, superior fusion
rates, immediate stabilization, and theoretical prevention of deformity50-56. In contrast,
plating increases cost, increases operative time, causes greater retraction of midline soft
tissues, increases surgical fees, creates the possibility of hardware failure, and does not
ensure superior clinical outcomes57. Odom et al has demonstrated that instrumentation is
not imperative. In eighty patients with one-level ACDF, forty-four patients had
instrumented fusion and thirty-six had no plating. Plates were found to be safe yet did not
decrease the risk of pseudarthrosis or improve clinical outcomes58. However, in other
studies, instrumentation in one- or two-level ACDF resulted in higher fusion rates and
fewer graft-related complications54{Shapiro, 1996 #88}. Nevertheless, we believe that
instrumentation should be included after vertebrectomy for tumor, multilevel

spondylosis, fracture, soft tissue instability, infection, and if the patient does not tolerate
external support.

In addition to conflicting evidence pertaining to the use of instrumentation, the type of
instrumentation that should be utilized is also controversial. Instrumentation options
range from locked, fixed angle, translational, variable angle, flexible, and rigid plates.
Currently, there is no evidence to suggest that one fixation method is superior to the rest
in preventing pseudarthrosis; however, theoretical concerns and advantages of different
options do exist. For example, fixed angled stiff plates may be too rigid in some cases,
resulting in stress shielding of bone and limiting fusion rates59-61, while translational
devices may allow too much settling and lead to impingement and arthrosis of adjacent
levels and possible kyphosis.

Graft subsidence is common during healing after ACDF62,63. Subsidence is
dependent on construct length64, size of graft62, and type of graft utilized65-67. Dynamic
plating, in theory, allows for controlled subsidence and continued contact between graft
and endplate, improving the chances of obtaining a fusion64,68. It should be noted that
even in rigid constructs, the graft does subside but occurs later69. The correct balance of
the optimal load that needs to be placed on the graft and endplate is unknown; therefore,
in one- or two-level ACDF, the type of plate used is the surgeon’s preference.

Multilevel corpectomies increase the risk of pseudarthrosis compared to one- or
two-level ACDF. In these situations, in theory, semi-constrained plates might allow

controlled subsidence without loosening, but this has not been confirmed clinically.
Anterior plating alone in these situations, however, has been associated with high failure
rates, suggesting anterior fusion should be supplemented with posterior fusion or halo70.
To combat the risk of pseudarthrosis in these situations, various hybrid constructs have
been tested. Singh et al biomechanically demonstrated in two-level corpectomies, 360
fusion and posterior-only fusion were significantly more rigid than anterior fusion. There
was no difference between the 360 fusion and posterior-only fusion. It should be
emphasized however that good stable graft-host bone articulation is more paramount71.
Similar to multilevel corpectomies, multilevel ACDF increases the risk for
pseudarthrosis. Rates of pseudarthrosis are higher when three or more interbody grafts
are utilized regardless of instrumentation. To minimize the risk, Singh et al has utilized
hybrid constructs such as a one-level corpectomy and one-level ACDF instead of a twolevel corpectomy or three-level ACDF72.

If symptomatic pseudarthrosis occurs, revision surgery can be approached
anteriorly, posteriorly, or circumferentially. In anterior revision surgery, the surgeon must
first decide whether to approach the pseudarthrosis on the same side as the original
surgery or on the contralateral side. Contralateral surgery minimizes surgical risk by
avoiding a fusion bed and scar tissue, but if the history demonstrates recurrent laryngeal
or superior laryngeal nerve injury, one needs an otolaryngology consult to prevent
possible bilateral nerve injury. The advantages of anterior revision include direct
visualization and removal of the pseudarthrosis, direct decompression, and avoidance of
posterior musculature stripping. However, anterior revision comes at the expense of

neurovascular injury, esophageal or tracheal injury, postoperative dysphagia, graft
collapse, instrumentation failure, and hematoma. Published results with anterior revision
have been variable. Tribus et al demonstrated 75% improvement in clinical symptoms
using an anterior revision with instrumentation and autograft in either one- or two-level
pseudarthrosis35. Moreover, Zdeblick et al analyzed thirty-five patients with
pseudarthrosis that were managed with an anterior revision with autograft. Revision
procedures ranged from anterior corpectomy to vertebral-body resection and strut
grafting with reduction of the deformity if there was graft migration and kyphosis.
Excellent clinical results occurred in twenty-nine patients, good results were reported in
one, fair in four, and poor in one. Four complications occurred, including one patient with
temporary recurrent laryngeal-nerve palsy. Two had wound draining, and one had a
cerebrospinal fluid leak73. Coric et al also reported on nineteen patients treated with
anterior revision with instrumentation and allograft at one to three levels of
pseudarthrosis. Eighteen patients achieved fusion, and two patients experienced transient
hoarseness. One died due to cardiac factors74.

Posterior revision alone or in combination with anterior revision is the authors’
preferred treatment in the majority of cases (Fig 2e-f). If excessive kyphosis does not
exist and the hardware and graft remain intact, a posterior revision alone has been
successful in 90-100% of patients. If hardware failure, graft collapse, and kyphosis occur,
a combined anterior and posterior revision has shown the highest success rate33,34,75. The
advantage of the posterior approach is that it avoids scar and fusion bed; however,
posterior revisions increase the risk of stiffness and pain secondary to posterior muscle

disruption. In a randomized, prospective series, Brodsky et al demonstrated that when
comparing anterior autograft revision with posterior fusion without anterior revision, the
posterior procedure alone was more effective than anterior revision in regards to fusion
and clinical success. The posterior procedure included grafting and wiring while the
anterior group did not include instrumentation. A circumferential fusion was applicable if
anterior osteophytic neurocompression existed. Eighteen patients had pseudarthrosis at
one level, fourteen at two levels, and two at three levels. In the posterior group of
seventeen patients, 88% had good or excellent results with a 94% fusion rate. Anterior
revision was done in seventeen patients with only 59% having good or excellent results
with a 79% fusion rate33. Lowery et al also compared anterior revision with posterior
procedures. Twenty patients underwent anterior revision with instrumentation – allograft
in 65% of patients and autograft in 35% – and seventeen patients were revised posteriorly
with articular pillar plating. Circumferential fusions occurred in seven cases when the
anterior instrumentation was broken or loose. Six of these circumferential cases included
anterior plating. In the anterior revision, 40% of patients felt better, 25% the same, and
35% felt worse. All patients that were worse had confirmed nonunions and underwent
additional surgery. In the posterior-only group, 94% achieved fusions, 82% felt better,
12% the same, and 6% felt worse. The one patient who felt worse had a nonunion. In the
circumferential group, fusion was achieved in all patients and 71% felt better and none
felt worse75. Kuhns et al studied thirty-three consecutive patients with symptomatic
pseudarthrosis following ACDF. All patients demonstrated solid fusion by an average of
48 months, and all had significant improvement in their symptoms. Seventeen patients
underwent a single-level posterior spinal fusion, nine had two levels, six had three levels,

and one had a four-level posterior fusion. In addition, there was no difference in patients
treated with iliac crest versus local bone graft76. Farey et al also demonstrated in nineteen
consecutive patients treated posteriorly that eighteen of nineteen patients achieved fusion
and clinical symptoms were relieved in seventeen of these eighteen patients. All patients
were treated with posterior wiring with foraminotomy and autogenous bone grafting34.

In summary, pseudarthrosis can occur due to various etiologies. Some factors are
patient-related while others have surgeon control. Although the issues pertaining to graft
and instrumentation selection are still controversial, meticulous graft preparation is the
most important component of minimizing pseudarthrosis. If pseudarthrosis does occur
and is symptomatic, patients can be treated by various surgical approaches. With better
instrumentation, anterior, posterior, or combined procedures could suffice; however, it is
the authors’ belief that if kyphosis and graft complications do not exist anteriorly, a
posterior approach is a safe and reliable technique to surgically treat symptomatic
pseudarthrosis.

Reference List
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.

Gore, D.; Sepic, S.; and Gardner, G.: Roentgenographic findings of the cervical
spine in asymptomatic people. Spine, 11: 521-4, 1986.
Kandziora, F.; Pflugmacher, R.; Scholz, M.; Schnake, K.; Lucke, M.;
Schroder, R.; and Mittlmeier, T.: Comparison between sheep and human
cervical spines: an anatomic, radiographic, bone mineral density, and
biomechanical study. Spine, 26: 1028-37, 2001.
Cusick, J.; Yoganandan, N.; Pintar, F.; Myklebust, J.; and Hussain, H.:
Biomechanics of cervical spine facetectomy and fixation techniques. Spine, 13:
808-12, 1988.
Nowinski, G. P.; Visarius, H.; Nolte, L. P.; and Herkowitz, H. N.: A
biomechanical comparison of cervical laminaplasty and cervical laminectomy
with progressive facetectomy. Spine, 18(14): 1995-2004, 1993.
Zdeblick, T. A.; Zou, D.; Warden, K. E.; McCabe, R.; Kunz, D.; and
Vanderby, R.: Cervical stability after foraminotomy. A biomechanical in vitro
analysis. J Bone Joint Surg Am, 74(1): 22-7, 1992.
Kumaresan, S.; Yoganandan, N.; Pintar, F. A.; Voo, L. M.; Cusick, J. F.; and
Larson, S. J.: Finite element modeling of cervical laminectomy with graded
facetectomy. J Spinal Disord, 10(1): 40-6, 1997.
Zdeblick, T. A.; Abitbol, J. J.; Kunz, D. N.; McCabe, R. P.; and Garfin, S.:
Cervical stability after sequential capsule resection. Spine, 18(14): 2005-8, 1993.
Hosalkar, H. S.; Pill, S. G.; Sun, P. P.; and Drummond, D. S.: Progressive
spinal lordosis after laminoplasty in a child with thoracic neuroblastoma. J Spinal
Disord Tech, 15(1): 79-83, 2002.
Yeh, J. S.; Sgouros, S.; Walsh, A. R.; and Hockley, A. D.: Spinal sagittal
malalignment following surgery for primary intramedullary tumours in children.
Pediatr Neurosurg, 35(6): 318-24, 2001.
Kaptain, G. J.; Simmons, N. E.; Replogle, R. E.; and Pobereskin, L.:
Incidence and outcome of kyphotic deformity following laminectomy for cervical
spondylotic myelopathy. J Neurosurg, 93(2 Suppl): 199-204, 2000.
Lonstein, J. E.: Post-laminectomy kyphosis. Clin Orthop Relat Res, (128): 93100, 1977.
Yasuoka, S.; Peterson, H.; and MacCarty, C.: Incidence of spinal column
deformity after multilevel laminectomy in children and adults. J Neurosurg,
57(4): 441-5, 1982.
Yasuoka, S.; Peterson, H.; Laws, E.; and MacCarty, C.: Pathogenesis and
prophylaxis of postlaminectomy deformity of the spine after multiple level
laminectomy: difference between children and adults. Neurosurgery, 9(2): 14552, 1981.
Mayfield, J. K.; Riseborough, E. J.; Jaffe, N.; and Nehme, M. E.: Spinal
deformity in children treated for neuroblastoma. J Bone Joint Surg Am, 63(2):
183-93, 1981.
Zdeblick, T. A., and Bohlman, H. H.: Cervical kyphosis and myelopathy.
Treatment by anterior corpectomy and strut-grafting. J Bone Joint Surg Am,
71(2): 170-82, 1989.

16.
17.
18.
19.

20.
21.
22.
23.

24.
25.
26.

27.
28.
29.
30.
31.

Albert, T., and Vaccaro, A.: Postlaminectomy kyphosis. Spine, 1998(23), 1998.
Riew, K. D.; Hilibrand, A. S.; Palumbo, M. A.; and Bohlman, H. H.: Anterior
cervical corpectomy in patients previously managed with a laminectomy: shortterm complications. J Bone Joint Surg Am, 81(7): 950-7, 1999.
Foley, K. T.; DiAngelo, D. J.; Rampersaud, Y. R.; Vossel, K. A.; and Jansen,
T. H.: The in vitro effects of instrumentation on multilevel cervical strut-graft
mechanics. Spine, 24(22): 2366-76, 1999.
Schultz, K. D., Jr.; McLaughlin, M. R.; Haid, R. W., Jr.; Comey, C. H.;
Rodts, G. E., Jr.; and Alexander, J.: Single-stage anterior-posterior
decompression and stabilization for complex cervical spine disorders. J
Neurosurg, 93(2 Suppl): 214-21, 2000.
Herman, J. M., and Sonntag, V. K.: Cervical corpectomy and plate fixation for
postlaminectomy kyphosis. J Neurosurg, 80(6): 963-70, 1994.
Steinmetz, M. P.; Kager, C. D.; and Benzel, E. C.: Ventral correction of
postsurgical cervical kyphosis. J Neurosurg, 98(1 Suppl): 1-7, 2003.
Zeidman, S. M.; Ducker, T. B.; and Raycroft, J.: Trends and complications in
cervical spine surgery: 1989-1993. J Spinal Disord, 10(6): 523-6, 1997.
Bohlman, H. H.; Emery, S. E.; Goodfellow, D. B.; and Jones, P. K.: Robinson
anterior cervical discectomy and arthrodesis for cervical radiculopathy. Longterm follow-up of one hundred and twenty-two patients. J Bone Joint Surg Am,
75(9): 1298-307, 1993.
Emery, S. E.; Bolesta, M. J.; Banks, M. A.; and Jones, P. K.: Robinson
anterior cervical fusion comparison of the standard and modified techniques.
Spine, 19(6): 660-3, 1994.
Hilibrand, A. S., and Dina, T. S.: The use of diagnostic imaging to assess spinal
arthrodesis. Orthop Clin North Am, 29(4): 591-601, 1998.
Martin, G. J., Jr.; Haid, R. W., Jr.; MacMillan, M.; Rodts, G. E., Jr.; and
Berkman, R.: Anterior cervical discectomy with freeze-dried fibula allograft.
Overview of 317 cases and literature review. Spine, 24(9): 852-8; discussion 8589, 1999.
Riley, L. H., Jr.; Robinson, R. A.; Johnson, K. A.; and Walker, A. E.: The
results of anterior interbody fusion of the cervical spine. Review of ninety-three
consecutive cases. J Neurosurg, 30(2): 127-33, 1969.
Phillips, F. M.; Carlson, G.; Emery, S. E.; and Bohlman, H. H.: Anterior
cervical pseudarthrosis. Natural history and treatment. Spine, 22(14): 1585-9,
1997.
Newman, M.: The outcome of pseudarthrosis after cervical anterior fusion. Spine,
18(16): 2380-2, 1993.
Wang, J. C.; McDonough, P. W.; Endow, K. K.; and Delamarter, R. B.:
Increased fusion rates with cervical plating for two-level anterior cervical
discectomy and fusion. Spine, 25(1): 41-5, 2000.
Wang, J. C.; McDonough, P. W.; Kanim, L. E.; Endow, K. K.; and
Delamarter, R. B.: Increased fusion rates with cervical plating for three-level
anterior cervical discectomy and fusion. Spine, 26(6): 643-6; discussion 646-7,
2001.

32.
33.
34.

35.
36.
37.
38.
39.

40.
41.
42.

43.

44.
45.

Cannada, L. K.; Scherping, S. C.; Yoo, J. U.; Jones, P. K.; and Emery, S. E.:
Pseudoarthrosis of the cervical spine: a comparison of radiographic diagnostic
measures. Spine, 28(1): 46-51, 2003.
Brodsky, A. E.; Khalil, M. A.; Sassard, W. R.; and Newman, B. P.: Repair of
symptomatic pseudoarthrosis of anterior cervical fusion. Posterior versus anterior
repair. Spine, 17(10): 1137-43, 1992.
Farey, I. D.; McAfee, P. C.; Davis, R. F.; and Long, D. M.: Pseudarthrosis of
the cervical spine after anterior arthrodesis. Treatment by posterior nerve-root
decompression, stabilization, and arthrodesis. J Bone Joint Surg Am, 72(8): 11717, 1990.
Tribus, C. B.; Corteen, D. P.; and Zdeblick, T. A.: The efficacy of anterior
cervical plating in the management of symptomatic pseudoarthrosis of the
cervical spine. Spine, 24(9): 860-4, 1999.
DePalma, A. F.; Rothman, R. H.; Lewinnek, G. E.; and Canale, S. T.:
Anterior interbody fusion for severe cervical disc degeneration. Surg Gynecol
Obstet, 134(5): 755-8, 1972.
Bhalla, S. K., and Simmons, E. H.: Normal ranges of intervertebral-joint motion
of the cervical spine. Can J Surg, 12(2): 181-7, 1969.
Whitecloud, T. S., 3rd, and Seago, R. A.: Cervical discogenic syndrome.
Results of operative intervention in patients with positive discography. Spine,
12(4): 313-6, 1987.
Lim, T. H.; Kwon, H.; Jeon, C. H.; Kim, J. G.; Sokolowski, M.; Natarajan,
R.; An, H. S.; and Andersson, G. B.: Effect of endplate conditions and bone
mineral density on the compressive strength of the graft-endplate interface in
anterior cervical spine fusion. Spine, 26(8): 951-6, 2001.
An, H. S.; Evanich, C. J.; Nowicki, B. H.; and Haughton, V. M.: Ideal
thickness of Smith-Robinson graft for anterior cervical fusion. A cadaveric study
with computed tomographic correlation. Spine, 18: 2043-47, 1993.
Thome, C.; Krauss, J. K.; and Zevgaridis, D.: A prospective clinical
comparison of rectangular titanium cages and iliac crest autografts in anterior
cervical discectomy and fusion. Neurosurg Rev, 27(1): 34-41, 2004.
Lanman, T. H., and Hopkins, T. J.: Early findings in a pilot study of anterior
cervical interbody fusion in which recombinant human bone morphogenetic
protein-2 was used with poly(L-lactide-co-D,L-lactide) bioabsorbable implants.
Neurosurg Focus, 16(3): E6, 2004.
Barsa, P.; Suchomel, P.; Buchvald, P.; Kolarova, E.; and Svobodnik, A.:
[Multiple-level instrumented anterior cervical fusion: a risk factor for
pseudoarthrosis? A prospective study with a minimum of 3-year follow-up]. Acta
Chir Orthop Traumatol Cech, 71(3): 137-41, 2004.
Balabhadra, R. S.; Kim, D. H.; and Zhang, H. Y.: Anterior cervical fusion
using dense cancellous allografts and dynamic plating. Neurosurgery, 54(6):
1405-11; discussion 1411-2, 2004.
Thalgott, J. S.; Xiongsheng, C.; and Giuffre, J. M.: Single stage anterior
cervical reconstruction with titanium mesh cages, local bone graft, and anterior
plating. Spine J, 3(4): 294-300, 2003.

46.

47.
48.
49.

50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

Silber, J. S.; Anderson, D. G.; Daffner, S. D.; Brislin, B. T.; Leland, J. M.;
Hilibrand, A. S.; Vaccaro, A. R.; and Albert, T. J.: Donor site morbidity after
anterior iliac crest bone harvest for single-level anterior cervical discectomy and
fusion. Spine, 28(2): 134-9, 2003.
Watters, W. C., 3rd, and Levinthal, R.: Anterior cervical discectomy with and
without fusion. Results, complications, and long-term follow-up. Spine, 19(20):
2343-7, 1994.
Gore, D. R., and Sepic, S. B.: Anterior cervical fusion for degenerated or
protruded discs. A review of one hundred forty-six patients. Spine, 9(7): 667-71,
1984.
Samartzis, D.; Shen, F. H.; Goldberg, E. J.; and An, H. S.: Is autograft the
gold standard in achieving radiographic fusion in one-level anterior cervical
discectomy and fusion with rigid anterior plate fixation? Spine, 30(15): 1756-61,
2005.
Caspar, W.; Barbier, D. D.; and Klara, P. M.: Anterior cervical fusion and
Caspar plate stabilization for cervical trauma. Neurosurgery, 25(4): 491-502,
1989.
Caspar, W.; Geisler, F. H.; Pitzen, T.; and Johnson, T. A.: Anterior cervical
plate stabilization in one- and two-level degenerative disease: overtreatment or
benefit? J Spinal Disord, 11(1): 1-11, 1998.
Caspar, W.; Pitzen, T.; Papavero, L.; Geisler, F. H.; and Johnson, T. A.:
Anterior cervical plating for the treatment of neoplasms in the cervical vertebrae.
J Neurosurg, 90(1 Suppl): 27-34, 1999.
Connolly, P. J.; Esses, S. I.; and Kostuik, J. P.: Anterior cervical fusion:
outcome analysis of patients fused with and without anterior cervical plates. J
Spinal Disord, 9(3): 202-6, 1996.
Kaiser, M. G.; Haid, R. W., Jr.; Subach, B. R.; Barnes, B.; and Rodts, G. E.,
Jr.: Anterior cervical plating enhances arthrodesis after discectomy and fusion
with cortical allograft. Neurosurgery, 50(2): 229-36; discussion 236-8, 2002.
Kirkpatrick, J. S.; Levy, J. A.; Carillo, J.; and Moeini, S. R.: Reconstruction
after multilevel corpectomy in the cervical spine. A sagittal plane biomechanical
study. Spine, 24(12): 1186-90; discussion 1191, 1999.
Schulte, K.; Clark, C. R.; and Goel, V. K.: Kinematics of the cervical spine
following discectomy and stabilization. Spine, 14(10): 1116-21, 1989.
Branch, C. L., Jr.: Anterior cervical fusion: the case for fusion without plating.
Clin Neurosurg, 45: 22-4; discussion 21, 1999.
Odom, G. L.; Finney, W.; and Woodhall, B.: Cervical disk lesions. J Am Med
Assoc, 166(1): 23-8, 1958.
Omeis, I.; DeMattia, J. A.; Hillard, V. H.; Murali, R.; and Das, K.: History of
instrumentation for stabilization of the subaxial cervical spine. Neurosurg Focus,
16(1): E10, 2004.
Spivak, J. M.; Chen, D.; and Kummer, F. J.: The effect of locking fixation
screws on the stability of anterior cervical plating. Spine, 24(4): 334-8, 1999.
Fogel, G. R.; Liu, W.; Reitman, C. A.; and Esses, S. I.: Cervical plates:
comparison of physical characteristics and in vitro pushout strength. Spine J, 3(2):
118-24, 2003.

62.
63.
64.
65.
66.
67.
68.
69.

70.

71.

72.
73.
74.
75.

Closkey, R. F.; Parsons, J. R.; Lee, C. K.; Blacksin, M. F.; and Zimmerman,
M. C.: Mechanics of interbody spinal fusion. Analysis of critical bone graft area.
Spine, 18(8): 1011-5, 1993.
Tye, G. W.; Graham, R. S.; Broaddus, W. C.; and Young, H. F.: Graft
subsidence after instrument-assisted anterior cervical fusion. J Neurosurg, 97(2
Suppl): 186-92, 2002.
Brodke, D. S.; Gollogly, S.; Alexander Mohr, R.; Nguyen, B. K.; Dailey, A.
T.; and Bachus a, K.: Dynamic cervical plates: biomechanical evaluation of load
sharing and stiffness. Spine, 26(12): 1324-9, 2001.
Bishop, R. C.; Moore, K. A.; and Hadley, M. N.: Anterior cervical interbody
fusion using autogeneic and allogeneic bone graft substrate: a prospective
comparative analysis. J Neurosurg, 85(2): 206-10, 1996.
Brown, M. D.; Malinin, T. I.; and Davis, P. B.: A roentgenographic evaluation
of frozen allografts versus autografts in anterior cervical spine fusions. Clin
Orthop Relat Res, (119): 231-6, 1976.
Zdeblick, T. A., and Ducker, T. B.: The use of freeze-dried allograft bone for
anterior cervical fusions. Spine, 16(7): 726-9, 1991.
Truumees, E.; Demetropoulos, C. K.; Yang, K. H.; and Herkowitz, H. N.:
Effects of a cervical compression plate on graft forces in an anterior cervical
discectomy model. Spine, 28(11): 1097-102, 2003.
Samartzis, D.; Marco, R. A.; Jenis, L. G.; Khanna, N.; Banco, R. J.;
Goldberg, E. J.; and An, H. S.: Characterization of graft subsidence in anterior
cervical discectomy and fusion with rigid anterior plate fixation. Am J Orthop,
36(8): 421-7, 2007.
Epstein, N. E.: The value of anterior cervical plating in preventing vertebral
fracture and graft extrusion after multilevel anterior cervical corpectomy with
posterior wiring and fusion: indications, results, and complications. J Spinal
Disord, 13(1): 9-15, 2000.
Singh, K.; Vaccaro, A. R.; Kim, J.; Lorenz, E. P.; Lim, T. H.; and An, H. S.:
Biomechanical comparison of cervical spine reconstructive techniques after a
multilevel corpectomy of the cervical spine. Spine, 28(20): 2352-8; discussion
2358, 2003.
Singh, K.; Vaccaro, A. R.; Kim, J.; Lorenz, E. P.; Lim, T. H.; and An, H. S.:
Enhancement of stability following anterior cervical corpectomy: a biomechanical
study. Spine, 29(8): 845-9, 2004.
Zdeblick, T. A.; Hughes, S. S.; Riew, K. D.; and Bohlman, H. H.: Failed
anterior cervical discectomy and arthrodesis. Analysis and treatment of thirty-five
patients. J Bone Joint Surg Am, 79(4): 523-32, 1997.
Coric, D.; Branch, C. L., Jr.; and Jenkins, J. D.: Revision of anterior cervical
pseudoarthrosis with anterior allograft fusion and plating. J Neurosurg, 86(6):
969-74, 1997.
Lowery, G. L.; Swank, M. L.; and McDonough, R. F.: Surgical revision for
failed anterior cervical fusions. Articular pillar plating or anterior revision? Spine,
20(22): 2436-41, 1995.

76.

Kuhns, C. A.; Geck, M. J.; Wang, J. C.; and Delamarter, R. B.: An outcomes
analysis of the treatment of cervical pseudarthrosis with posterior fusion. Spine,
30(21): 2424-9, 2005.
Figure Legend

Figure 1: Postlaminectomy kyphosis. Patient underwent multilevel
laminectomy without fusion. Subsequently, patient developed a kyphotic
deformity with myelopathic symptoms (a). On MRI, there is evidence of
cord compression (arrow) (b-c). Patient was treated with a C4-6 anterior
corpectomy with posterior C3-7 lateral mass fixation (D-E).
Figure 2: Pseudarthrosis. Patient with neck pain after C4-6 anterior cervical discectomy
and fusion. Radiographs (a-b) demonstrate pseudarthrosis at C4-5, C5-6 (arrow). CT
demonstrates nonunion (arrow) at C4-5, but a solid fusion (arrowhead) at the C5-6 (CD). Patient was treated with posterior C4-C7 fixation (E-F).

