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Cervical spondylotic myelopathy and radiculopathy are common disorders which can lead to significant clinical morbidity.
Conservative management, such as physical therapy, cervical immobilisation, or anti-inflammatory medications, is the preferred
and often only required intervention. Surgical intervention is reserved for those patients who have intractable pain or progressive
neurological symptoms. The goals of surgical treatment are decompression of the spinal cord and nerve roots and deformity
prevention by maintaining or supplementing spinal stability and alleviating pain. Numerous surgical techniques exist to alleviate
symptoms, which are achieved through anterior, posterior, or circumferential approaches. Under most circumstances, one
approach will produce optimal results. It is important that the surgical plan is tailored to address each individual’s unique
clinical circumstance. The objective of this paper is to analyse the major surgical treatment options for cervical myelopathy and
radiculopathy focusing on outcomes and complications.

1. Introduction
Spondylosis is the most common cause of neural dysfunction
in the cervical spine and is becoming more prevalent as
the average life-expectancy increases [1]. The degenerative
changes associated with ageing include disc herniation,
osteophyte formation, hypertrophy of osteoarthritic facet
joints, and hypertrophy of ligaments. This condition is often
asymptomatic, but in 10% to 15% of cases it compresses the
cervical spinal cord and roots to present symptomatically
as myelopathy or radiculopathy [2, 3]. Conservative management, such as physical therapy, cervical immobilisation,
or anti-inflammatory medications are the preferred and
often only required intervention [4]. Surgical intervention
is reserved for those patients who have intractable pain or
progressive neurological symptoms. Herniated cervical discs
and spondylosis causing radiculopathy may be treated from
an anterior or posterior approach. Likewise, decompression
of the spinal cord can be achieved from either approach.
The goals of surgical treatment are decompression of the
spinal cord and nerve roots and deformity prevention by
maintaining or supplementing spinal stability and alleviating
pain.

Many surgical techniques have been described to decompress the spinal cord and roots which can employ an anterior,
posterior, or circumferential approach. Under most circumstances, one approach will produce optimal results [5–10].
Designing the most eﬀective surgical plan is dependent on
numerous factors, including the location of the compressive
pathology, stability of the spinal column, extent of the
disease, medical comorbidity, and the surgeon’s experience
and comfort level with specific procedures. The objective
of this paper is to analyse the major surgical treatment
options for cervical myelopathy and radiculopathy focusing
on outcomes and complications.

2. Treatment Outcomes for
Cervical Spondylotic Myelopathy
2.1. Posterior Surgical Techniques. A posterior approach
is best utilised when pathology is present dorsally in
the spinal canal. It avoids extensive dissection of vital
neck structures and graft-related complications encountered
with anterior approaches. Major approach-related complications include postoperative pain from injury to paraspinal
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muscles, epidural haematoma, and neurological injury. It
is contraindicated in a kyphotic deformity, and there is
limited potential for open deformity reduction with the more
common posterior fixation techniques [6, 11–14].
2.1.1. Laminectomy. Laminectomy has been proven to be
a safe and eﬀective technique for multilevel decompression for cervical spondylotic myelopathy (CSM) [12, 15].
Laminectomy without fusion has demonstrated comparable
immediate postoperative results to laminoplasty and anterior
procedures [6]. There is a body of evidence, however,
demonstrating late deterioration, with rates as high as 40%
[6, 10, 16].
Miyazaki and Kirita described 155 patients who underwent multilevel laminectomy [17]. They reported an
improvement in JOA (Japanese Orthopaedic Association)
outcome scale for 82% of patients at a mean followup of 1
year. Eleven percent reported worsening symptoms and 7%
remained the same. Ebersold et al. reported outcomes in 51
patients who underwent laminectomy for myelopathy [6]. At
6 months, 69% showed improvement on the Nurick scale but
only 37% sustained the improvement at long-term followup
(range 3 to 9.5 years).
Neurological injury is a rare but serious complication of
this procedure. The incidence of spinal cord injury is from
0% to 3%, whereas injury to an individual nerve root can
be as high as 15% [18, 19]. Nerve root injury occurs due to
direct manipulation or dorsal migration of the spinal cord
after decompression [19]. Epidural haematoma occurs in
0.08 to 1.3% of cases [13]. Postlaminectomy kyphosis and
segmental instability are well-documented complications
which have led to the limited indication of laminectomy
alone as a surgical option for CSM. This postlaminectomy
spinal instability is reported to occur in 14–47% of patients
[9, 10, 20]. This has not been shown to be associated with the
observed delayed neurological deterioration [9, 10, 20, 21].
Kato et al. described the JOA outcome in 44 patients who
underwent laminectomy. There was 44.2% recovery rate at
1 year that decreased to 43% at 5 years and 33% at 10 years.
There was a 47% rate of postoperative kyphosis and a
23% incidence of late deterioration (mean 9.5 years). The
development of kyphosis did not appear to correlate with
neurological deterioration in these cases [10].
Laminectomy can be augmented to include posterior
instrumentation to address instability which leads to lower
rates of kyphosis and segmental instability. Despite this
increased stability, addition of instrumentation can lead to
complications such as hardware failure with loss of alignment
and neurological damage from misplaced lateral mass screws.
Heller et al. from their series reported a 1% risk of nerve root
injury per screw placed [22]. Adjacent segment degeneration
can also occur due to alterations to cervical biomechanics
and force distribution following a fusion procedure [10].
Houten et al. evaluated 38 patients who underwent laminectomy and lateral mass plating for CSM [8]. Significant
improvement in neurological function occurred in 97% of
patients. The modified JOA score improved from 12.9 to
15.6 at a mean followup of 30.2 months (minimum 6months). Radiographic alignment by the cervical index was
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maintained postoperatively. Complications included a C-5
nerve root palsy, a radiculopathy from a misplaced screw,
and one wound infection. Huang et al. reviewed 31 patients
who underwent laminectomy and lateral mass plating for
CSM or OPLL [23]. Twenty-two (71%) of 31 patients had
improvement in Nurick score of ≥1 point at a minimum of
6 months of followup (mean 15 months). Perez-Lopez et al.
compared 19 patients that underwent laminectomy to 17 that
underwent laminectomy and fusion [24]. They found similar
improvement in Nurick scores but, there was an increase in
postoperative kyphosis with in the laminectomy alone cohort
(24%) compared to the laminectomy and fusion group
(7%).
2.1.2. Laminoplasty. Laminoplasty was developed to allow
cord decompression while preserving motion with less substantial alteration to the natural biomechanics of the cervical
spine. Multiple studies have demonstrated its eﬀectiveness
using the JOA outcome scale, with approximately 55–65%
achieving recovery [25–30].
In the short term, Kihara et al. reported on 151 patients
with CSM who underwent laminoplasty [28]. The mean JOA
scale score increased from 8.1 to 15.2 at 1-year followup.
Similarly, Suda et al. reported on 154 patients with CSM
who underwent French-window laminoplasty [29]. The JOA
scale score improved from 9.9 to 14.0 (60% improvement)
at a mean followup of 5 years. In the longer term, Seichi
et al. reviewed 60 patients (35 with OPLL and 25 with
CSM) who underwent French-window laminoplasty [27]. In
the OPLL group, the JOA scale score increased from 8.6 to
12.1; similar increases were seen in the patients with CSM
(improvement from 8.3 to 12.0) at followup of 10 years. Late
clinical worsening was observed in 11 patients (7 with OPLL
and 4 with CSM).
Several variations of laminoplasty have been described
in order to minimise complications [11]. Okada et al.
recently carried out a prospective randomised clinical study
comparing open-door laminoplasty to French-door laminoplasty in 40 patients [26]. JOA scores and recovery rates
were similar at long-term followup (mean 26.9 months).
However, French-door laminoplasty had less complications,
increased cervical lordotic angle, and significantly less axial
neck pain postoperatively suggesting that this may be a better
procedure for CSM.
Decreased range of movement and axial neck pain
are frequently reported complications. Ratliﬀ and Cooper
performed a meta-analysis evaluating the outcomes after
laminoplasty in 71 retrospective reports [30]. They determined the overall incidence of postoperative axial neck pain
ranged from 6% to 60% without apparent dependence on
the specific variation of laminoplasty. Cervical range of
movement decreased substantially after laminoplasty (mean
decrease 50%, range 17–80%). Wada et al. performed a study
comparing subtotal corpectomy and laminoplasty Axial pain
was observed in 15% of the corpectomy group and in 40%
of the laminoplasty group [25]. The aetiology of neck pain
remains unclear, but has been postulated to occur secondary to neck muscle disruption, particularly detachment
of muscle insertions to the C2 and C7 spinous processes
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[31, 32]. Other authors have reported that preservation of
subaxial deep extensor muscles, including the semispinalis
cervicis groups, reduces these adverse eﬀects after cervical
laminoplasty [33]. However, a recent study by Sakaura et
al. suggests that preservation of subaxial deep extensor
muscles plays no significant role in reducing axial neck pain
supporting the idea that axial pain after laminoplasty largely
results from detachment of muscles attached to the C2 and
C7 spinous processes [34].
2.2. Anterior Surgical Techniques. This approach allows
direct decompression of ventral pathology but can also be
used to restore lordosis to a kyphotic spine. The anterior
approach comes in proximity with many vital structures
in the neck. Complications resulting from this approach
include, dysphagia, recurrent laryngeal nerve damage, dural
tears, and rarely tracheal or oesophageal perforation (less
than 0.25%) [35, 36].
Postoperative dysphagia has been reported to have an
overall average incidence of 12.3% [37, 38]. This dysphagia is
usually transient with residual symptoms decreasing to 4.8%
after 6 months [39].
2.2.1. Anterior Cervical Discectomy. Anterior Cervical Discectomy with or without fusion is eﬀective for ventral
pathology that is confined to the cervical interspaces such as
osteophyte or disc complexes. Most of the recent literature
has focused on outcomes for Anterior Cervical Discectomy
with Fusion (ACDF). Short- and long-term clinical success
in the range of 67% to 100% has been extensively reported
in the literature [6, 40–47]. Despite the increasing popularity
of ACDF, it has not been proven to produce better clinical
outcomes than anterior cervical discectomy without fusion
(ACD) [48, 49].
Ebersold et al. reported Nurick scale outcomes in
33 patients with ACDF at 1 or 2 levels [6]. Six-month
outcomes showed improvements of 73% and long-term
improvement of 55% (range 3 to 9.5 years). Yue et al.
reviewed 71 patients, after an average of 7.2 years, who had
anterior cervical discectomy and fusion with allograft and
plating [43]. Patients reported improvement in axial neck
pain (95.5%), radicular arm pain (95.4%), upper extremity
weakness (82.7%), upper extremity numbness (85.1%), and
gait problems (100%). Fusion occurred in 92.6% of the disc
spaces operated on and no graft extrusion or migration
occurred. Clinical improvements were not related to the
occurrence of union.
Autograft from either the iliac crest or fibula is traditionally gold standard for fusion [46]. Donor site morbidity,
which occurs in 0.6% to 36% of cases, is a complication
of its use [50–52]. This can be avoided with the use of
allograft. However, their use comes with potential problems,
including risk of infections and graft rejection, higher rates
of collapse and nonunion, especially in multilevel fusions,
and prolonged period required for graft incorporation [46].
Ryken et al. in a comprehensive review concluded that there
appears to be equivalency regarding the use of harvested
autogenous bone graft, allograft, polyetheretherketone, and
titanium cages in anterior fusion [53].

3
ACDF of 1 to 3 levels has been reported to be eﬀective and
safe in decompressing ventral pathology. The rate of fusion
following single-level ACDF generally ranges from 80% to
95% [54–57]. However, applying this procedure to greater
than 3 levels can often result in complications, including graft
extrusion, subsidence, fracture, and pseudoarthrosis [40].
Nirala et al. reviewed 69 patients that underwent multilevel ACDF using autograft iliac crest without fixation.
Fusion was assessed on dynamic radiographs. The overall
fusion rate for multilevel ACDF was 69.6%, The fusion rate
was 86.7% for 2 levels, 57.6% for 3 levels, and 50% for 4
levels. The outcome score using Odom’s criteria was good
or excellent in 81.1%. Graft dislodgements were noted in
1.4% [54]. Fraser and Härtl performed a systematic review
comparing ACDF with anterior cervical corpectomy with
fusion (ACCF) [58]. They analyzed a combined group of
2682 patients. They found similar fusion rates (>90%) for
2-level disc disease treated with either 2-level ACDF plus
fixation or 1-level ACCF plus fixation. For 3-level disc
disease, fusion rates for ACDF with plate fixation (82.5%
fusion rate) were significantly lower than for ACCF with plate
fixation (96.2% fusion rate).
The use of plating remains a controversial issue. In
multilevel ACDFs, studies have demonstrated that rigid plate
fixation dramatically increases fusion rates [44, 46, 47].
The aim is to promote solid bone fusion, maintain cervical
alignment, decrease need for external orthosis, and prevent
graft subsidence, extrusion, or collapse. However, the eﬃcacy
of rigid plate fixation on interbody fusion in one-level ACDF
is not as clear. Some reports suggest that it can decrease
fusion rates due to stress shielding and poor graft settling
[42, 45]. Some studies advocate better fusion rates with
dynamic plating [59]. Plating can also lead to complications
including adjacent level degeneration, soft tissue injury, and
implant failure [41].
2.2.2. Anterior Cervical Corpectomy. Anterior cervical corpectomy with fusion (ACCF) is eﬀective in addressing ventral
pathology that extends beyond the cervical spine interspaces [58]. ACCF has the potential to allow reduction of
kyphotic deformities that exacerbate CSM. Stabilisation after
corpectomy is achieved with or without instrumentation
using tricortical autogenous iliac bone graft, autogenous, or
allogenous fibular graft, and more recently titanium mesh
cages (TMC), stackable PEEK (polyetheretherketone), and
CFRP (carbon-fibre-reinforced polymer) cages [60, 61].
ACCF compares favourably when compared to other
decompression techniques in terms of stability and clinical outcomes [58]. Hilibrand et al. reviewed a series of
190 patients with a mean followup of 68 months [62]. There
were 131 patients that underwent ACDF using autograft
without fixation and 59 patients that underwent ACCF
using iliac or fibula strut autograft. The fusion, which was
assessed on dynamic radiographs, was higher in patients who
underwent ACCF but clinical outcomes using Robinson’s
criteria were not statistically diﬀerent between the groups.
Wada et al. reviewed 23 patients that underwent ACCF. The
average JOA score was 7.9 before surgery, 13.3 at the 1year follow-up visit, and 13.9 at the 5-year followup visit

4
[25]. Similarly, Yonenobu et al. compared the results of
corpectomy, laminectomy, and discectomy and concluded
that ACCF provided a better neurologic recovery [63]. They
suggested that ACCF should be used for treatment of CSM
for up to 3 levels and posterior laminectomy for 4 levels or
more.
Single-level corpectomy is generally considered safe and
associated with successful outcomes for CSM [64]. However,
increasing the number of vertebral bodies resected during
a corpectomy is associated with an increase in graft-related
complications and pseudoarthrosis [19, 61]. Wang et al.
reported 249 consecutive patients underwent one- to fivelevel anterior cervical corpectomies and autogenous strut
grafting [61]. During the follow-up period (mean 4.7 years),
16 patients experienced migration of their grafts. The graft
migration rates increased with more levels of fusion. Ikenaga
et al. reported a much lower rate of pseudoarthrosis. They
reviewed 31 patients that had anterior corpectomy and
fibular strut grafting for 4-disc levels or greater for CSM
for over 10 years [65]. There were 1 patient that developed
pseudoarthrosis and 3 patients who had deterioration of JOA
score of 1 point.
Plating has been shown to reduce multilevel corpectomy
but also in single level corpectomy [46, 47, 60, 61, 66].
Epstein found that plating can decrease the prevalence
of graft-related complications following single level ACCF
[66]. He reviewed 48 patients undergoing ACCF, 8 of who
had plating. Overall there was a 73% fusion rate but
10.3% of cases required revision surgery for graft-related
complications or pseudoarthrosis. Of the 8 patients that had
plating there were no graft related complications.
Several articles have evaluated eﬀectiveness of titanium
mesh cage for reconstruction following anterior cervical corpectomy. Narotam et al. prospectively evaluated 37 patients
over a 4-year period, and noted a stability rate of 100% at
1 year after ACCF with a TMC cage. Cage-related complication rate was low (2.7%). Excellent neurological outcome
was documented in 95% of the patients. Similarly, Daubs
and Kabir et al. reported similar good short-term results with
spinal fusion observed in 100% of patients [60, 67].

3. Treatment Outcomes for
Cervical Radiculopathy
The objective of operative treatment in cervical radiculopathy is to alleviate pain, decrease sensorimotor deficits,
and improve quality of life. This can be achieved by
the permanent decompression of the compressed nerve
root [5]. Similarly to CSM surgical treatment, treatment
options can utilise a posterior or an anterior approach.
The procedures achieved through these approaches diﬀer in
complexity, duration, and complications [68]. The choice of
procedure should depend on the patient’s symptoms and the
morphology of the pathology.
3.1. Posterior Laminoforaminotomy. Posterior laminoforaminotomy is used for decompression of the nerve root in
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cases of foraminal stenosis or removal of posterolateral soft
disc fragments. It maintains the motion in the aﬀected
segment and does not cause major instability [69]. Due to
the nature of the approach it also has a lower complication rate when compared to anterior procedures [7, 68].
There is a large body of evidence which suggests that it
is an eﬀective procedure for cervical monoradiculopathy
[70].
Kumar et al. reviewed 89 patients treated with laminoforaminotomy for cervical spondylotic radiculopathy caused
by osteophytes [71]. Patients with disc herniation were
excluded. Good or excellent results were obtained in 95.5%
of patients, a mean followup of 8.6 months using Odom’s
criteria. Repeat surgery for recurrence was required in
6.7% of cases. Davis reviewed 170 patients who underwent
laminoforaminotomy for cervical radiculopathy [72]. Followup, at a mean of 15 years, revealed good or excellent
outcomes in 86% of patients, based on Prolo score. There
was a 6% recurrence rate with most occurring within the
first 3 years of the index surgery. Herkowitz et al. performed
a comparison of laminoforaminotomy with ACDF to treat of
cervical herniated discs causing radiculopathy in 33 patients
[7]. Good and excellent results were reported in 94% of the
ACDF group and 75% of the laminoforaminotomy group at
a mean followup of 4.2 years. The diﬀerence, however, was
not statistically significant.
Shorter duration of the operation and fewer complications, compared to anterior surgery, have been reported as
major advantages of posterior laminoforaminotomy [68].
However, complications of this technique include neurological damage, infection, and recurrence of symptoms [71, 72].
A major limitation is that it does not allow removal of
oﬀending lesions located medioventral to the nerve root [68].
3.2. Anterior Cervical Discectomy. Anterior cervical discectomy and fusion (ACDF) is suggested for the treatment
of single-level degenerative cervical radiculopathy for compressive lesions medioventral to the nerve root [5]. Despite
providing better access to certain compressive pathologies
this technique has the potential for many complications
[73]. These relate to the anterior approach itself, graftrelated complications, and spinal instability as discussed in
the previous section. Despite these complications, many of
studies have demonstrated ACDF to be an eﬀective way of
alleviating radicular symptoms.
Peolsson et al. reported 34 patients that underwent anterior decompression for cervical radiculopathy with 3-year
followup [74]. All patients had an improvement in Visual
Analogue Scale, Neck Disability Index scores, and sensory
deficit. Korinth et al. reviewed 292 patients with cervical
soft disc disease causing radiculopathy at a single level
[68]. They compared anterior cervical discectomy using a
polymethylacrylate spacer with a posterior laminoforaminotomy procedure. Good and excellent results were found to
be statistically diﬀerent between the anterior (93.6%) and
posterior (85.1%) groups in favour of the anterior approach
using Odom’s criteria at a mean followup of 6.1 years.
As previously discussed, iliac crest autograft is the
gold standard but other fusion techniques may be utilised,
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each with their own benefits and complications [46]. In
the treatment of single-level cervical radiculopathy, ACDF
with plate fixation demonstrates similar clinical outcomes
and fusion rates to ACDF without plate fixation [75–77].
However, the use of a cervical plate can improve sagittal
alignment after ACDF [75–77]. Evidence suggests that plate
stabilization may be indicated for some patients undergoing
multilevel ACDF for radiculopathy. There is a paucity of
evidence linking this practice to significant improvement in
clinical outcomes [5].
In recent times, much attention has been focused on
the use of cervical disc arthroplasty in an attempt to
preserve motion segments. Short-term outcomes suggested
comparable eﬃcacy to ACDF for the treatment of single-level
degenerative cervical radiculopathy [78, 79]. In the longerterm, Quam et al. reported on 21 patients who underwent 1
or 2 level cervical disc arthroplasty for radiculopathy [80].
At 8 years followup, the Bryan cervical disc arthroplasty
maintained favourable clinical and radiological results, with
preservation of movement and satisfactory clinical outcome
in the majority of cases. However, 48% operated segments
developed heterotopic ossification causing restricted range of
movement of the prosthesis.

4. Conclusion
Cervical spondylotic myelopathy and radiculopathy are
common disorders which can lead to significant clinical
morbidity. Numerous surgical techniques exist to alleviate
symptoms, which are achieved through anterior, posterior,
or circumferential approaches. Under most circumstances,
one approach will produce optimal results. The surgical plan
should be tailored to address each individual’s unique clinical
circumstance.
When considering surgical outcomes for CSM, it is
important to remember that regardless of surgical technique employed, results of operative treatment generally
are better in patients who undergo early decompression.
In a prospective study of 146 patients with cervical
spondylotic myelopathy, Suri et al. noted that patients
with less than a one-year duration of symptoms showed
significantly greater motor recovery following operation
than did those with a longer duration of symptoms [81].
This finding is supported by numerous other studies [82,
83]. Conversely, the symptoms for most patients with
degenerative cervical radiculopathy will be self-limited and
will resolve spontaneously over a variable length of time
without specific treatment [5]. Surgical intervention, however, can lead to rapid relief of symptoms of cervical
radiculopathy compared to conservative measures alone
[84, 85].
An extensive review of the current peer-reviewed literature does not provide an evidence base to indicate whether
anterior or posterior surgery yields superior short- and longterm results for both CSM and cervical radiculopathy. Welldesigned prospective randomised-control trials involving
patients with these clinical scenarios could help to properly
evaluate this.

5

References
[1] W. F. Young, “Cervical spondylotic myelopathy: a common
cause of spinal cord dysfunction in older persons,” American
Family Physician, vol. 62, no. 5, pp. 1064–1070, 2000.
[2] J. Bednarik, Z. Kadanka, L. Dusek et al., “Presymptomatic
spondylotic cervical cord compression,” Spine, vol. 29, no. 20,
pp. 2260–2269, 2004.
[3] L. M. Teresi, R. B. Lufkin, and M. A. Reicher, “Asymptomatic
degenerative disk disease and spondylosis of the cervical spine:
MR imaging,” Radiology, vol. 164, no. 1, pp. 83–88, 1987.
[4] I. Nikolaidis, I. P. Fouyas, P. A. Sandercock, and P. F. Statham,
“Surgery for cervical radiculopathy or myelopathy,” Cochrane
Database of Systematic Reviews, no. 1, Article ID CD001466,
2010.
[5] C. M. Bono, G. Ghiselli, T. J. Gilbert et al., “An evidence-based
clinical guideline for the diagnosis and treatment of cervical
radiculopathy from degenerative disorders,” Spine Journal, vol.
11, no. 1, pp. 64–72, 2011.
[6] M. J. Ebersold, M. C. Pare, and L. M. Quast, “Surgical
treatment for cervical spondylitic myelopathy,” Journal of
Neurosurgery, vol. 82, no. 5, pp. 745–751, 1995.
[7] H. N. Herkowitz, L. T. Kurz, and D. P. Overholt, “Surgical
management of cervical soft disc herniation: a comparison
between the anterior and posterior approach,” Spine, vol. 15,
no. 10, pp. 1026–1030, 1990.
[8] J. K. Houten, P. R. Cooper, E. C. Benzel, V. K. H. Sonntag, V. C.
Traynelis, and U. Batzdorf, “Laminectomy and posterior cervical plating for multilevel cervical spondylotic myelopathy and
ossification of the posterior longitudinal ligament: eﬀects on
cervical alignment, spinal cord compression, and neurological
outcome,” Neurosurgery, vol. 52, no. 5, pp. 1081–1088, 2003.
[9] G. J. Kaptain, N. E. Simmons, R. E. Replogle, and L.
Pobereskin, “Incidence and outcome of kyphotic deformity
following laminectomy for cervical spondylotic myelopathy,”
Journal of Neurosurgery, vol. 93, no. 2, pp. 199–204, 2000.
[10] Y. Kato, M. Iwasaki, T. Fuji, K. Yonenobu, and T. Ochi, “Longterm follow-up results of laminectomy for cervical myelopathy
caused by ossification of the posterior longitudinal ligament,”
Journal of Neurosurgery, vol. 89, no. 2, pp. 217–223, 1998.
[11] J. J. Hale, K. I. Gruson, and J. M. Spivak, “Laminoplasty: a
review of its role in compressive cervical myelopathy,” Spine
Journal, vol. 6, no. 6, pp. S289–S298, 2006.
[12] M. G. Fehlings, P. R. Cooper, and T. J. Errico, “Posterior plates
in the management of cervical instability: long-term results in
44 patients,” Journal of Neurosurgery, vol. 81, no. 3, pp. 341–
349, 1994.
[13] C. M. Halvorsen, B. Lied, M. E. Harr et al., “Surgical
mortality and complications leading to reoperation in 318
consecutive posterior decompressions for cervical spondylotic
myelopathy,” Acta Neurologica Scandinavica, vol. 123, no. 5,
pp. 358–365, 2011.
[14] R. J. Komotar, J. Mocco, and M. G. Kaiser, “Surgical management of cervical myelopathy: indications and techniques
for laminectomy and fusion,” Spine Journal, vol. 6, no. 6, pp.
S252–S267, 2006.
[15] P. A. Anderson, M. B. Henley, M. S. Grady, P. X. Montesano,
and H. R. Winn, “Posterior cervical arthrodesis with AO
reconstruction plates and bone graft,” Spine, vol. 16, no. 3, pp.
S72–S79, 1991.
[16] R. B. Snow and H. Weiner, “Cervical laminectomy and
foraminotomy as surgical treatment of cervical spondylosis:
a follow-up study with analysis of failures,” Journal of Spinal
Disorders, vol. 6, no. 3, pp. 245–251, 1993.

6
[17] K. Miyazaki and Y. Kirita, “Extensive simultaneous multisegment laminectomy for myelopathy due to the ossification of
the posterior longitudinal ligament in the cervical region,”
Spine, vol. 11, no. 6, pp. 531–542, 1986.
[18] K. Yonenobu, N. Hosono, M. Iwasaki, M. Asano, and K. Ono,
“Neurologic complications of surgery for cervical compression myelopathy,” Spine, vol. 16, no. 11, pp. 1277–1282, 1991.
[19] R. L. Saunders, H. J. Pikus, and P. Ball, “Four-level cervical
corpectomy,” Spine, vol. 23, no. 22, pp. 2455–2461, 1998.
[20] Y. Mikawa, J. Shikata, and T. Yamamuro, “Spinal deformity
and instability after multilevel cervical laminectomy,” Spine,
vol. 12, no. 1, pp. 6–11, 1987.
[21] S. Matsunaga, T. Sakou, and K. Nakanisi, “Analysis of the
cervical spine alignment following laminoplasty and laminectomy,” Spinal Cord, vol. 37, no. 1, pp. 20–24, 1999.
[22] J. G. Heller, D. H. Silcox, and C. E. Sutterlin, “Complications
of posterior cervical plating,” Spine, vol. 20, no. 22, pp. 2442–
2448, 1995.
[23] R. C. Huang, F. P. Girardi, A. R. Poynton, and F. P. Cammisa,
“Treatment of multilevel cervical spondylotic myeloradiculopathy with posterior decompression and fusion with lateral
mass plate fixation and local bone graft,” Journal of Spinal
Disorders and Techniques, vol. 16, no. 2, pp. 123–129, 2003.
[24] C. Perez-Lopez, A. Isla, F. Alvarez, M. A. Sarmiento, P. GarciaRaya, and M. Perez-Alvarez, “Eﬃcacy of arthrodesis in the
posterior approach of cervical myelopathy: comparative study
of a series of 36 cases,” Neurocirugia, vol. 12, no. 4, pp. 316–
324, 2001.
[25] E. Wada, S. Suzuki, A. Kanazawa, T. Matsuoka, S. Miyamoto,
and K. Yonenobu, “Subtotal corpectomy versus laminoplasty
for multilevel cervical spondylotic myelopathy: a long-term
follow-up study over 10 years,” Spine, vol. 26, no. 13, pp. 1443–
1447, 2001.
[26] M. Okada, A. Minamide, T. Endo et al., “A prospective
randomized study of clinical outcomes in patients with
cervical compressive myelopathy treated with open-door or
french-door laminoplasty,” Spine, vol. 34, no. 11, pp. 1119–
1126, 2009.
[27] A. Seichi, K. Takeshita, I. Ohishi et al., “Long-term results of
double-door laminoplasty for cervical stenotic myelopathy,”
Spine, vol. 26, no. 5, pp. 479–487, 2001.
[28] S. I. Kihara, T. Umebayashi, and M. Hoshimaru, “Technical
improvements and results of open-door expansive laminoplasty with hydroxyapatite implants for cervical myelopathy,”
Neurosurgery, vol. 57, no. 4, supplement, pp. S-348–S-355,
2005.
[29] K. Suda, K. Abumi, M. Ito, Y. Shono, K. Kaneda, and M. Fujiya,
“Local kyphosis reduces surgical outcomes of expansive opendoor laminoplasty for cervical spondylotic myelopathy,” Spine,
vol. 28, no. 12, pp. 1258–1262, 2003.
[30] J. K. Ratliﬀ and P. R. Cooper, “Cervical laminoplasty: a critical
review,” Journal of Neurosurgery, vol. 98, no. 3, supplement,
pp. 230–238, 2003.
[31] K. Takeuchi, T. Yokoyama, S. Aburakawa et al., “Axial
symptoms after cervical laminoplasty with C3 laminectomy
compared with conventional C3-C7 laminoplasty: a modified
laminoplasty preserving the semispinalis cervicis inserted into
axis,” Spine, vol. 30, no. 22, pp. 2544–2549, 2005.
[32] T. Takeuchi and Y. Shono, “Importance of preserving the
C7 spinous process and attached nuchal ligament in Frenchdoor laminoplasty to reduce postoperative axial symptoms,”
European Spine Journal, vol. 16, no. 9, pp. 1417–1422, 2007.

Advances in Orthopedics
[33] T. Shiraishi, K. Fukuda, Y. Yato, M. Nakamura, and T. Ikegami,
“Results of skip laminectomy—minimum 2-year follow-up
study compared with open-door laminoplasty,” Spine, vol. 28,
no. 24, pp. 2667–2672, 2003.
[34] H. Sakaura, N. Hosono, Y. Mukai, T. Fujimori, M. Iwasaki,
and H. Yoshikawa, “Preservation of muscles attached to the C2
and C7 spinous processes rather than subaxial deep extensors
reduces adverse eﬀects after cervical laminoplasty,” Spine, vol.
35, no. 16, pp. E782–E786, 2010.
[35] K. E. Newhouse, R. W. Lindsey, C. R. Clark, J. Lieponis, and M.
J. Murphy, “Esophageal perforation following anterior cervical
spine surgery,” Spine, vol. 14, no. 10, pp. 1051–1053, 1989.
[36] K. N. Fountas, E. Z. Kapsalaki, L. G. Nikolakakos et al., “Anterior cervical discectomy and fusion associated complications,”
Spine, vol. 32, no. 21, pp. 2310–2317, 2007.
[37] J. L. Netterville, M. J. Koriwchak, M. Winkle, M. S. Courey,
and R. H. Ossoﬀ, “Vocal fold paralysis following the anterior
approach to the cervical spine,” Annals of Otology, Rhinology
and Laryngology, vol. 105, no. 2, pp. 85–91, 1996.
[38] E. M. Baron, A. M. S. Soliman, L. Simpson, J. P. Gaughan,
and W. F. Young, “Dysphagia, hoarseness, and unilateral true
vocal fold motion impairment following anterior cervical
diskectomy and fusion,” Annals of Otology, Rhinology and
Laryngology, vol. 112, no. 11, pp. 921–926, 2003.
[39] R. Bazaz, M. J. Lee, and J. U. Yoo, “Incidence of dysphagia after
anterior cervical spine surgery: a prospective study,” Spine, vol.
27, no. 22, pp. 2453–2458, 2002.
[40] M. J. Bolesta, G. R. Rechtine II, and A. M. Chrin, “Three- and
four-level anterior cervical discectomy and fusion with plate
fixation: a prospective study,” Spine, vol. 25, no. 16, pp. 2040–
2044, 2000.
[41] A. R. Vaccaro and R. A. Balderston, “Anterior plate instrumentation for disorders of the subaxial cervical spine,” Clinical
Orthopaedics and Related Research, no. 335, pp. 112–121, 1997.
[42] G. R. Zaveri and M. Ford, “Cervical spondylosis: the role
of anterior instrumentation after decompression and fusion,”
Journal of Spinal Disorders, vol. 14, no. 1, pp. 10–16, 2001.
[43] W. M. Yue, W. Brodner, and T. R. Highland, “Long-term
results after anterior cervical discectomy and fusion with
allograft and plating: a 5- to 11-year radiologic and clinical
follow-up study,” Spine, vol. 30, no. 19, pp. 2138–2144, 2005.
[44] M. G. Kaiser, R. W. Haid, B. R. Subach, B. Barnes, and G.
E. Rodts, “Anterior cervical plating enhances arthrodesis after
discectomy and fusion with cortical allograft,” Neurosurgery,
vol. 50, no. 2, pp. 229–236, 2002.
[45] D. Samartzis, F. H. Shen, C. Lyon, M. Phillips, E. J. Goldberg,
and H. S. An, “Does rigid instrumentation increase the fusion
rate in one-level anterior cervical discectomy and fusion?”
Spine Journal, vol. 4, no. 6, pp. 636–643, 2004.
[46] J. C. Wang, P. W. McDonough, K. K. Endow, and R. B.
Delamarter, “Increased fusion rates with cervical plating for
two-level anterior cervical pas and fusion,” Spine, vol. 25, no.
1, pp. 41–45, 2000.
[47] J. C. Wang, P. W. McDonough, L. E. A. Kanim, K. K.
Endow, and R. B. Delamarter, “Increased fusion rates with
cervical plating for three-level anterior cervical discectomy
and fusion,” Spine, vol. 26, no. 6, pp. 643–646, 2001.
[48] W. C. Jacobs, P. G. Anderson, J. Limbeek, P. C. Willems, and
P. Pavlov, “Single or double-level anterior interbody fusion
techniques for cervical degenerative disc disease,” Cochrane
Database of Systematic Reviews, no. 4, Article ID CD004958,
2004.

Advances in Orthopedics
[49] W. C. Jacobs, P. G. Anderson, J. Limbeek, P. C. Willems, and
P. Pavlov, “Single or double-level anterior interbody fusion
techniques for cervical degenerative disc disease,” Cochrane
Atabase of Systematic Reviews, no. 4, Article ID CD004958,
2004.
[50] C. A. Brown and F. J. Eismont, “Complications in spinal
fusion,” Orthopedic Clinics of North America, vol. 29, no. 4, pp.
679–699, 1998.
[51] K. M. Malloy and A. S. Hilibrand, “Autograft versus allograft
in degenerative cervical disease,” Clinical Orthopaedics and
Related Research, no. 394, pp. 27–38, 2002.
[52] R. C. Bishop, K. A. Moore, and M. N. Hadley, “Anterior
cervical interbody fusion using autogeneic and allogeneic
bone graft substrate: a prospective comparative analysis,”
Journal of Neurosurgery, vol. 85, no. 2, pp. 206–210, 1996.
[53] T. C. Ryken, R. F. Heary, P. G. Matz et al., “Techniques for
cervical interbody grafting,” Journal of Neurosurgery: Spine,
vol. 11, no. 2, pp. 203–220, 2009.
[54] A. P. Nirala, M. Husain, and D. K. Vatsal, “A retrospective study
of multiple interbody grafting and long segment strut grafting
following multilevel anterior cervical decompression,” British
Journal of Neurosurgery, vol. 18, no. 3, pp. 227–232, 2004.
[55] J. C. Cauthen, R. E. Kinard, J. B. Vogler et al., “Outcome
analysis of noninstrumented anterior cervical discectomy and
interbody fusion in 348 patients,” Spine, vol. 23, no. 2, pp. 188–
192, 1998.
[56] G. J. Martin Jr., R. W. Haid Jr., M. Macmillan, G. E. Rodts Jr.,
and R. Berkman, “Anterior cervical discectomy with freezedried fibula allograft: overview of 317 cases and literature
review,” Spine, vol. 24, no. 9, pp. 852–858, 1999.
[57] T. A. Zdeblick and T. B. Ducker, “The use of freeze-dried
allograft bone for anterior cervical fusions,” Spine, vol. 16, no.
7, pp. 726–729, 1991.
[58] J. F. Fraser and R. Härtl, “Anterior approaches to fusion of
the cervical spine: a metaanalysis of fusion rates,” Journal of
Neurosurgery: Spine, vol. 6, no. 4, pp. 298–303, 2007.
[59] S. W. Hong, S. H. Lee, L. T. Khoo et al., “A comparison
of fixed-hole and slotted-hole dynamic plates for anterior
cervical discectomy and fusion,” Journal of Spinal Disorders
and Techniques, vol. 23, no. 1, pp. 22–26, 2010.
[60] S. M. R. Kabir, J. Alabi, K. Rezajooi, and A. T. H. Casey,
“Anterior cervical corpectomy: review and comparison of
results using titanium mesh cages and carbon fibre reinforced
polymer cages,” British Journal of Neurosurgery, vol. 24, no. 5,
pp. 542–546, 2010.
[61] J. C. Wang, R. A. Hart, S. E. Emery, and H. H. Bohlman,
“Graft migration or displacement after multilevel cervical
corpectomy and strut grafting,” Spine, vol. 28, no. 10, pp.
1016–1021, 2003.
[62] A. S. Hilibrand, M. A. Fye, S. E. Emery, M. A. Palumbo, and H.
H. Bohlman, “Increased rate of arthrodesis with strut grafting
after multilevel anterior cervical decompression,” Spine, vol.
27, no. 2, pp. 146–151, 2002.
[63] K. Yonenobu, T. Fuji, and K. Ono, “Choice of surgical treatment for multisegmental cervical spondylotic myelopathy,”
Spine, vol. 10, no. 8, pp. 710–716, 1985.
[64] R. L. Saunders, P. M. Bernini, T. G. Shirreﬀs, and A. G. Reeves,
“Central corpectomy for cervical spondylotic myelopathy:
a consecutive series with long-term follow-up evaluation,”
Journal of Neurosurgery, vol. 74, no. 2, pp. 163–170, 1991.
[65] M. Ikenaga, J. Shikata, and C. Tanaka, “Long-term results
over 10 years of anterior corpectomy and fusion for multilevel
cervical myelopathy,” Spine, vol. 31, no. 14, pp. 1568–1574,
2006.

7
[66] N. E. Epstein, “The management of one-level anterior cervical
corpectomy with fusion using atlantis hybrid plates: preliminary experience,” Journal of Spinal Disorders, vol. 13, no. 4, pp.
324–328, 2000.
[67] M. D. Daubs, “Early failures following cervical corpectomy
reconstruction with titanium mesh cages and anterior plating,” Spine, vol. 30, no. 12, pp. 1402–1406, 2005.
[68] M. C. Korinth, A. Kruger, M. F. Oertel, and J. M. Gilsbach,
“Posterior foraminotomy or anterior discectomy with polymethyl methacrylate interbody stabilization for cervical soft
disc disease: results in 292 patients with monoradiculopathy,”
Spine, vol. 31, no. 11, pp. 1207–1214, 2006.
[69] T. A. Zdeblick, D. Zou, K. E. Warden, R. McCabe, D. Kunz,
and R. Vanderby, “Cervical stability after foraminotomy. A
biomechanical in vitro analysis,” Journal of Bone and Joint
Surgery—Series A, vol. 74, no. 1, pp. 22–27, 1992.
[70] R. F. Heary, T. C. Ryken, P. G. Matz et al., “Cervical laminoforaminotomy for the treatment of cervical degenerative
radiculopathy,” Journal of Neurosurgery: Spine, vol. 11, no. 2,
pp. 198–202, 2009.
[71] G. R. V. Kumar, R. S. Maurice-Williams, and R. Bradford,
“Cervical foraminotomy: an eﬀective treatment for cervical
spondylotic radiculopathy,” British Journal of Neurosurgery,
vol. 12, no. 6, pp. 563–568, 1998.
[72] R. A. Davis, “A long-term outcome study of 170 surgically
treated patients with compressive cervical radiculopathy,”
Surgical Neurology, vol. 46, no. 6, pp. 523–533, 1996.
[73] P. G. Matz, T. C. Ryken, M. W. Groﬀ et al., “Techniques for
anterior cervical decompression for radiculopathy,” Journal of
Neurosurgery: Spine, vol. 11, no. 2, pp. 183–197, 2009.
[74] A. Peolsson, L. Vavruch, and B. Öberg, “Can the results
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