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Joseph S. Butler, F. Cumhur Öner, Ashley R. Poynton, and John M. O’Byrne
Volume 2012, Article ID 916987, 3 pages

Operative Treatment of Cervical Myelopathy: Cervical Laminoplasty, Brett A. Braly, David Lunardini,
Chris Cornett, and William F. Donaldson
Volume 2012, Article ID 508534, 5 pages

Laminoplasty Techniques for the Treatment of Multilevel Cervical Stenosis, Lance K. Mitsunaga,
Eric O. Klineberg, and Munish C. Gupta
Volume 2012, Article ID 307916, 15 pages

The Biomechanics of Cervical Spondylosis, Lisa A. Ferrara
Volume 2012, Article ID 493605, 5 pages

Cervical Spondylotic Myelopathy: Factors in Choosing the Surgical Approach, Praveen K. Yalamanchili,
Michael J. Vives, and Saad B. Chaudhary
Volume 2012, Article ID 783762, 6 pages

The Natural History and Clinical Presentation of Cervical Spondylotic Myelopathy,
Chester K. Yarbrough, Rory K. J. Murphy, Wilson Z. Ray, and Todd J. Stewart
Volume 2012, Article ID 480643, 4 pages

Operative Techniques for Cervical Radiculopathy and Myelopathy, C. Moran and C. Bolger
Volume 2012, Article ID 916149, 5 pages

The Natural History and Clinical Syndromes of Degenerative Cervical Spondylosis, John C. Kelly,
Patrick J. Groarke, Joseph S. Butler, Ashley R. Poynton, and John M. O’Byrne
Volume 2012, Article ID 393642, 5 pages

Operative Outcomes for Cervical Myelopathy and Radiculopathy, J. G. Galbraith, J. S. Butler,
A. M. Dolan, and J. M. O’Byrne
Volume 2012, Article ID 919153, 8 pages

Operative Techniques for Cervical Radiculopathy and Myelopathy, Kieran Michael Hirpara,
Joseph S. Butler, Roisin T. Dolan, John M. O’Byrne, and Ashley R. Poynton
Volume 2012, Article ID 294857, 5 pages

Imaging Modalities for Cervical Spondylotic Stenosis and Myelopathy, C. Green, J. Butler, S. Eustace,
A. Poynton, and J. M. O’Byrne
Volume 2012, Article ID 908324, 4 pages



Hindawi Publishing Corporation
Advances in Orthopedics
Volume 2012, Article ID 916987, 3 pages
doi:10.1155/2012/916987

Editorial

Degenerative Cervical Spondylosis: Natural History,
Pathogenesis, and Current Management Strategies
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Degenerative cervical spondylosis is a common, mostly
asymptomatic condition, occurring as a result of age-related
degenerative changes in the cervical spine. Symptoms caused
by cervical spondylosis can be categorized broadly into three
clinical syndromes: axial neck pain, cervical radiculopathy,
and cervical myelopathy; with patients commonly having a
combination of these syndromes. This special issue contains
eleven papers summarizing our present knowledge and
understanding of the natural history, pathogenesis, and
current management strategies for degenerative cervical
spondylosis.

In the paper entitled “The natural history and clinical
syndromes of degenerative cervical spondylosis,” J. C. Kelly
et al. outline the three clinical syndromes of axial neck
pain, cervical radiculopathy, and cervical myelopathy. Radio-
graphic evidence of spondylotic changes is frequently found
in many asymptomatic adults. The majority of symptomatic
patients present between the ages of 40 and 60, with
men more commonly affected than women at a ratio of
3 : 2. Disc degeneration and bulging, osteophyte and spur
formation, ligamentous hypertrophy, vertebral subluxation,
decreased disc height, and facet joint arthropathy may all
contribute to narrowing of the spinal canal and interver-
tebral foramina. Radiculopathy is a result of intervertebral
foramina narrowing. Narrowing of the spinal canal results
in spinal cord compression, ultimately resulting in cervical
myelopathy. The course of disease development and the

ultimate prognosis for patients with cervical spondylosis is
highly variable and extremely difficult to predict.

In the paper entitled “The natural history and clini-
cal presentation of cervical spondylotic myelopathy,” C. K.
Yarbrough et al. describe cervical spondylotic myelopathy
as an impaired function of the spinal cord caused by
degenerative changes of the cervical spine resulting in spinal
cord compression. While many patients with mild signs of
cervical spondylotic myelopathy will stabilize or improve
over time with conservative management, the clinical course
of a specific individual patient cannot be predicted. Asymp-
tomatic patients with cervical stenosis and abnormalities
on electrophysiologic studies may be at higher risk for
developing myelopathy.

L. A. Ferrara identifies aging as the major risk factor
contributing to the onset of cervical spondylosis in the paper
“The biomechanics of cervical spondylosis.” Several acute and
chronic symptoms can occur that start with neck pain and
may progress into cervical radiculopathy. Eventually, the
degenerative cascade causes desiccation of the intervertebral
disc resulting in height loss of the cervical spine. This
causes ventral angulation and eventual loss of lordosis, with
compression of the neural and vascular structures. The
altered posture of the cervical spine progresses into kyphosis
if the load balance and lordosis is not restored.

C. Green et al. in their paper entitled “Imaging modalities
for cervical spondylotic stenosis and myelopathy,” highlight the
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central role of diagnostic imaging in clinical diagnosis and
preoperative planning. Magnetic resonance imaging (MRI)
provides the greatest range of information compared with
other radiological studies available to evaluate the spine.
It provides an accurate morphological assessment of both
osseous and soft tissue structures including intervertebral
discs, spinal ligaments, and the neural elements. Dynamic
weight-bearing MRI has recently been championed as the
preferred technique for pathology-specific diagnosis. Com-
puted tomography in isolation lacks the soft tissue detail
achieved with MRI scanning, however, is still a useful
modality when there is a contraindication to MRI and where
metal artefact is obstructing the anatomy. CT myelography is
an invasive procedure, associated with a number of risks, and
is only used for patients with contraindications, equivocal
findings, or failed MR imaging because of metal artefact.

In the paper entitled “Nonoperative modalities to treat
symptomatic cervical spondylosis,” K. M. Hirpara et al. state
that cervical spondylosis is a common and disabling condi-
tion. It is generally felt that the initial management should
be nonoperative, and these modalities include physiotherapy,
analgesia, and selective nerve root injections. Surgery should
be reserved for moderate to severe myelopathy patients
who have failed a period of conservative treatment and
patients whose symptoms are not adequately controlled by
nonoperative means. The authors conclude that effective,
nonoperative treatment is labour intensive, requiring regular
review and careful selection of medications and physical
therapy on a case-by-case basis.

Yalamanchili et al. describe in their paper “Cervi-
cal spondylotic myelopathy: factors in choosing the surgical
approach,” the variety of surgical options that exist, including
anterior and posterior approaches with and without fusion.
Systematic review does not clearly show one technique
to be clinically superior to another. Therefore decision-
making depends on individual patient factors and associated
approach-related complications. Factors to consider include
location of cord compression, number of levels involved,
sagittal alignment, instability, associated axial neck pain, and
risk factors for pseudoarthrosis.

The paper entitled “Operative techniques for cervical
radiculopathy and myelopathy,” R. G. Kavanagh et al. state
that surgical decompression can be achieved through a
multitude of procedures using either an anterior or posterior
approach. The main procedures that are performed through
an anterior approach are anterior cervical discectomy and
corpectomy, and those carried out through a posterior
approach are laminoplasty, laminectomy, and posterior
cervical discectomy. The type of procedure carried out is
dependent on a number of different variables including
extent and location of pathology, previous surgery, congeni-
tal canal stenosis, and the presence of preoperative axial neck
pain. Satisfactory surgical outcome will result in long-term
amelioration of cervical radiculopathic and myelopathic
symptoms with few postoperative complications.

The paper entitled “Operative techniques for cervical
radiculopathy and myelopathy,” C. Moran and C. Bolger.
suggest that surgical outcome is dependent on selecting
the appropriate treatment for the appropriate patient and

pathology. Once the decision is made to manage the patient
operatively, the principal decision is whether to choose
the ventral or the dorsal approach. In cervical spondylosis,
several variables including the location of pathology (ventral,
dorsal, circumferential), extent of pathology (limited to
interspace, extensive behind vertebral body), the number of
levels affected, the presence of instability or the presence of
kyphotic deformity require consideration. In general, any
procedure chosen should decompress the affected spinal cord
or nerve roots, maintain or restore stability, and correct or
prevent kyphotic deformity.

B. A. Braly et al. describe the technique of laminoplasty
as a motion-sparing posterior decompressive method in
“Operative treatment of cervical myelopathy: cervical lamino-
plasty.” The authors describe the techniques of open-door
or “hinged” laminoplasty. Laminoplasty or decompression,
with retention of the posterior elements, offers the surgeon
multiple advantages as a treatment option. The idea of a
motion-sparing technique is the largest benefit when com-
paring laminoplasty to laminectomy and posterior fusion.
Although complications may still occur and special care must
be paid to patient selection, laminoplasty is a viable option to
consider when treating patients with cervical myelopathy.

In the paper entitled “Laminoplasty techniques for the
treatment of multilevel cervical stenosis,” L. K. Mitsunaga
et al. state that laminoplasty is becoming an increasingly
popular technique for the treatment of multilevel cervical
stenosis due to cervical spondylotic myelopathy, OPLL, and
other causes. It minimizes the risk of certain complications
associated with other surgical options, such as graft and
fusion-related complications, postoperative kyphosis and
instability, and the morbidity of an anterior approach. It
does, however, have its own set of potential complications,
including laminar closure, axial neck pain, nerve root palsies,
and loss of cervical motion and alignment. Laminoplasty
techniques are continuously being refined to address such
potential shortcomings. Outcomes from laminoplasty are
at least as good as anterior decompression and fusion or
laminectomy and fusion. In the appropriate patient and
with proper surgical technique, laminoplasty is a good
option for patients with multilevel cervical stenosis and
myeloradiculopathy.

In the paper entitled “Operative outcomes for cervical
myelopathy and radiculopathy,” J. G. Galbraith et al. state that
when considering surgical outcomes for cervical myelopathy,
it is important to remember that regardless of surgical tech-
nique employed, results of operative treatment generally are
better in patients who undergo early decompression. Patients
with less than a one-year duration of symptoms show
significantly greater motor recovery following operation than
did those with a longer duration of symptoms. Conversely,
the symptoms for most patients with degenerative cervical
radiculopathy will be self-limited and will resolve spon-
taneously over a variable length of time without specific
treatment. Surgical intervention, however, can lead to rapid
relief of symptoms of cervical radiculopathy compared to
conservative measures alone. At present, there is insufficient
evidence to indicate whether anterior or posterior surgery
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yields superior short- and long-term results for either
cervical myelopathy or radiculopathy.

We expect that this special issue will help the surgeons to
make sound decisions on the treatment of these increasingly
common problems in our rapidly aging population.

Joseph S. Butler
F. Cumhur Öner

Ashley R. Poynton
John M. O’Byrne
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Cervical spondylotic myelopathy (CSM) is a degenerative process which may result in clinical signs and symptoms which require
surgical intervention. Many treatment options have been proposed with various degrees of technical difficulty and technique
sensitive benefits. We review laminoplasty as a motion-sparing posterior decompressive method. Current literature supports
the use of laminoplasty for indicated decompression. We also decribe our surgical technique for an open-door, or “hinged”,
laminoplasty.

1. Introduction

Cervical spondylotic myelopathy (CSM) is the natural result
of degenerative compression on the cervical spinal cord. The
result may be a progressive and stepwise deterioration of
neurological function in patients. The chronic debilitating
nature of this process justifies surgical decompression.
Posterior decompression has been described as a treatment
for CSM since the 1940s. Laminectomy was the initial
surgical option used. The decompression was performed by
rongeurs. However, the insertion of the rongeur in an already
limited space available for the cord led often to a decrease
in neurological function postoperatively [1–3]. Even with
modern approaches to laminectomy using high speed burs,
development of postoperative instability has led surgeons to
explore more efficacious ways of decompression.

In 1977, Hirabayashi and Satomi published their results
on multisegment decompression by means of an open-door
laminoplasty [4]. This technique allows for adequate pos-
terior decompression of the spinal cord while retaining the
posterior elements. This avoids the postoperative instability
seen with laminectomy as well as the stiffness and risks of
posterior cervical fusion. Additionally, motion is spared due
to the absence of a fusion. There have since been multiple
techniques for performing a cervical laminoplasty described
with supporting literature [4–8]. These techniques include

the expansive “open door,” a midline “French Door,” En
Bloc resection, spinous process splitting, and Z-Plasty [4, 9].
Outcome studies have supported laminoplasty as a valid
treatment for CSM however, no definitive literature shows its
superiority to laminectomy in conjunction with a posterior
cervical fusion. All surgical strategies appear to be equal in
yielding neurologic outcomes, though differences are found
in complication reports.

Patient selection is crucial prior to proceeding with
cervical laminoplasty. Special attention must be paid to sagit-
tal alignment for optimal outcomes. Laminoplasty is ideal
for multilevel stenosis (AP canal diameter < 13 mm) due
to spondylosis or ossification of the posterior longitudinal
ligament (OPLL) [10].

Posterior cervical decompression, either by laminoplasty
or laminectomy/fusion, carries inherent risks. Laminoplasty
has been associated with postoperative C5 palsy, persistent
axial neck pain, and some loss of range of motion [10–13].

2. Patient Selection, Indications, and
Contraindications

Several factors must be considered in selecting the
appropriate patient for laminoplasty. As mentioned, cervical
laminoplasty is indicated for multilevel stenosis (AP canal
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Figure 1: Lateral radiograph of the cervical spine in a patient
who underwent laminoplasty. Note that there is an overall lordotic
alignment which will allow for posterior drift once a posterior
decompression is performed.

Figure 2: Lateral T2-weighted MRI of the cervical spine denoting
significant spondylotic changes.

diameter < 13 mm) due to spondylosis or OPLL (Figures
1, 2, and 3). The procedure is generally contraindicated
in kyphotic cervical pathology as there is less room for
posterior drift of the cord; however, up to 10 degrees of
cervical kyphosis has been shown to have acceptable results
[11, 12, 14]. Further contraindications include previous

Figure 3: Axial T2 cervical spine denoting spondylotic changes and
cord impingement.

posterior cervical surgery, ossification of the ligamentum
flavum (OLF), and epidural fibrosis. Preservation of
the posterior elements allows for reinsertion of the
nuchal muscles and spinal ligaments, allowing for better
preservation of lordosis. Single- or two-level stenosis may
best be treated from an anterior approach.

Although there is a resultant loss of cervical ROM, it
is less incumbent than that seen with laminectomy and
fusion, and therefore preservation of ROM in young patients
may lead surgeons to recommend laminoplasty. If significant
arthritis and/or axial neck pain is present, however, lamino-
plasty may not be the best option as a fusion may provide
better relief through stability. Additionally, any preoperative
evidence of cervical instability may be a contraindication to
laminoplasty.

A final disadvantage to laminoplasty is that nerve root
decompression is more readily done successfully on the side
of the open door and much more difficult to complete on the
hinge side. Therefore, patients with myelopathy and bilateral
radiculopathy may be better treated by other decompression
options.

3. Surgical Technique

Of the various techniques described for achieving decom-
pression by means of laminoplasty, no one technique has
been shown to have better results over others. The technique
we employ is similar to the originally described expansive
open-door of Hirabayashi and will be described here.

4. Room Setup/Patient Preparation

As a posterior exposure of the cervical spine requires that
patients lie prone, the anesthesia team must be experienced
in managing access and endotracheal intubation in this posi-
tion. Neurophysiologic monitoring should be considered for
patients undergoing posterior cervical decompression. We
use somatosensory-evoked potentials with care to determine
baselines prior to prone positioning. Most patients receive
arterial line monitoring, and we try to keep the patients mean
arterial pressure at around 80–85 mm Hg to safely maintain
cord perfusion.
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Once anesthesia is prepared, Mayfield tongs are applied
to the patients head, the patient is transferred prone to
the surgical bed, and the tongs secured to the Mayfield
attachment. The neck is flexed to a position which is com-
fortable by the patient as demonstrated preoperatively. This
limits overlap in the posterior laminae and aids in reducing
the facets. We prefer to tuck the arms and tape down the
shoulders to improve visualization with intraoperative radio-
graphs; however, care must be taken not to overly stretch
the brachial plexus. The bed is placed in 10–20 degrees of
reverse trendelenburg to allow for improved access as well as
decreased intraoperative bleeding.

5. Surgical Technique

The patient is then prepped and draped in sterile fashion,
the spinous processes are palpated to estimate levels, and
a midline incision is made. Electrocautery is used to carry
the incision deeply and expose the spinous processes,
laminae and lateral masses of the desired levels, with care to
preserve the facet capsules as well as the supraspinous and
interspinous ligaments, as well as the interspinalis muscles.
Localization can be confirmed by a lateral radiograph intra-
operatively.

The junction of the laminae with the lateral mass is iden-
tified bilaterally. The hinge is placed at this level. We prefer
to place the hinge on the less symptomatic side, allowing
for better decompression and easier foraminotomies of the
more symptomatic side. The ligamentum flavum is taken
down at the proximal and distal ends of the laminoplasty,
usually C3 and C7, but left intact throughout the other
levels. Using a fine tip bipolar, usually the epidural veins can
be carefully coagulated as you take down the ligamentum
flavum. A high speed burr is used to create a bicortical defect
on the open door side just medial to the junction of the
lamina and lateral mass. Completing the open side first gives
the surgeon feedback as to the thickness of the lamina for
preparation of the hinge side. The burr is then used to make
a unicortical defect in each lamina on the hinge side. The
spinous processes are tilted gently toward the hinge allowing
for opening of the door, and a Kerrison rongeur is used to
take down the remaining ligamentum flavum at each level.

Fixating the door open can be done by a variety of tech-
niques including bone block, suture, suture anchors, facial
trauma plates, or laminoplasty specific plates (Figure 4). We
then prefer to shorten the spinous processes with a rongeur,
especially at the C6-7 level, to facilitate skin closure and
decrease a postoperative prominence. The spinous processes
can be shortened earlier in the procedure, though they may
be helpful in opening the hinge.

A meticulous closure is done prior to leaving the oper-
ative field. We thoroughly irrigate the wound and stop all
visable bleeding with cautery. A subfascial drain is placed,
and the fascia is approximated with number 2 absorbable
figure of eight stitches. The dermis is closed with 2–0
absorbable buried interrupted stitches, and the final skin is
closed with a running subcuticular absorbable stitch. This
technique should allow for adequated creating of space
available for the cord (Figures 5 and 6).

Figure 4: Post-laminoplasty view using plate fixation to hold the
posterior hinge open.

Figure 5: Post-laminoplasty MRI showing the space available for
the cord created by the posterior decompression.

Figure 6: Post-laminoplasty MRI showing the open hinge and
space available for the cord created by the decompression.
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Postoperatively, we place patients in a cervical orthosis
for 4 weeks. The type of orthosis, or need for one at all, is a
matter of surgeon preference. A soft collar for comfort only
can be appropriate, and long-term rigid bracing certainly
is not required. Current evidence suggests that a shorter
period of immobilization and quicker return to motion may
decrease the postoperative neck discomfort and help prevent
range of motion loss [15].

6. Outcomes

Although it has limitations, the most comprehensive method
of assessing the degree of impairment secondary to myelopa-
thy is likely the Japanese Orthopaedic Association (JOA)
score, with higher scores indicating better patient status
and lower scores representing poorer patient status. Multiple
studies reviewing laminoplasty have shown increases in the
JOA by 55–65% [4–8]. Handa et al. [16] reported on 61
patients treated with the open-door technique which showed
increase in recovery as well as JOA scores at one year. Their
group was stratified by age (older versus younger than 70
years), and both groups showed improvement (62% and
59%, resp.). When cohorts are stratified by diagnosis, there is
also a difference. Miyazaki and colleagues [17] reported more
improvement when laminoplasty was performed for OPLL
than for CSM (87% versus 76%, resp.). Interestingly, when
laminoplasty was combined with a posterolateral fusion, the
improvement scores for CSM surpassed those for OPLL,
indicating that postoperative instability has some effect on
outcomes.

When compared with other operative techniques for
CSM, laminoplasty has been shown to be as effective in
relieving symptoms. Heller et al. [18] reported no statistical
difference in outcomes between laminoplasty or laminec-
tomy and fusion, but noted a 2-fold decrease in the range
of motion after laminectomy and fusion. Our series found
no statistical difference between laminectomy and fusion
and laminoplasty; however, there was a trend toward better
functional and subjective scores in the laminectomy/fusion
cohort [19].

Long-term results have further shown the effectiveness
of laminoplasty. Miyazaki et al. [17] reported on patients at
greater than 12-year followup and showed that the benefits
of laminoplasty were maintained. Seichi et al. [20] further
confirmed this in their report of 91% stability in their
outcomes over 10 years in patients with CSM decompressed
by laminoplasty. This was in contrast to an 81% maintenance
of outcomes in patients diagnosed with OPLL decompressed
with laminoplasty.

7. Complications

The postoperative complications for laminoplasty are similar
to those of other posterior decompression techniques. Some
have advocated that there is a larger incidence of wound
complications and poor healing presumably due to the
increased tension created by the mass effect of elevating
the posterior structures [15]. It is for this reason that we

commonly debulk the more pronounced spinous processes
prior to wound closure.

Literature review of laminoplasty reveals two main issues
associated with laminoplsty: nerve root palsy (specifically
C5) and axial neck pain.

A motor dominant C5 root palsy may result after
laminoplasty in 5–11% of cases [10, 11, 13]. This usually
occurs on post-operative day two or three and is not com-
monly seen immediately postoperatively. C5 is most often
involved, though C6, C7, and rarely C8 root palsies have
been described [15]. These motor root palsies are not unique
to laminoplasty. This complication has also been reported
after laminectomy and fusion or anterior decompression and
fusion procedures for the same diagnoses. Sodeyama and
associates reported on postlaminoplasty patients evaluated
with CT myelograms who showed a mean posterior drift of
3 mm [21, 22] at the level of C5. It is hypothesized that a
mechanical tethering of the nerve root in the foramina in the
presence of posterior cord migration may put the C5 root
under stretch and cause the palsy [23–25], though this theory
does not fully explain why a C5 palsy may occur after an
anterior decompression as well.

Though range of motion may decrease by 17–50%, the
loss is less than that after laminectomy and fusion [10, 11],
although stiffness postlaminectomy/fusion is often down-
played as a complication as it is a goal of fusion surgery.

8. Summary

Cervical spondylotic myelopathy is a progressive decline in
the ability of the cervical spine to function properly. The
natural history would suggest a continuous decline in neuro-
logical function which can ultimately become debilitating for
patients. Current treatment theory suggests that a thorough
decompression of the spinal canal can aid in preventing this
decline.

Laminoplasty, or decompression with retention of the
posterior elements, offers a surgeon multiple advantages as a
treatment option. The idea of a motion-sparing technique is
the largest benefit when comparing laminoplasty to a lamin-
ectomy and posterior fusion. Although complications may
still occur and special care must be paid to patient selection,
laminoplasty is a viable option to consider when treating
patients with CSM.
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Laminoplasty is one surgical option for cervical spondylotic myelopathy. It was developed to avoid the significant risk of compli-
cations associated with alternative surgical options such as anterior decompression and fusion and laminectomy with or without
posterior fusion. Various laminoplasty techniques have been described. All of these variations are designed to reposition the
laminae and expand the spinal canal while retaining the dorsal elements to protect the dura from scar formation and to preserve
postoperative cervical stability and alignment. With the right surgical indications, reliable results can be expected with laminoplasty
in treating patients with multilevel cervical myelopathy.

1. Introduction

While multilevel cervical stenosis may occur for a variety of
reasons, it is usually due to cervical spondylosis or ossifica-
tion of the posterior longitudinal ligament (OPLL). Options
for decompression of the canal include either anterior or
posterior approaches. For multilevel disease, most surgeons
prefer posterior decompression. Posterior decompression
has the advantage of addressing multiple levels with one
incision. However, this approach is hindered by the late
complication of kyphosis with decompression alone or the
loss of motion and adjacent segment degeneration if pos-
terior decompression is performed in conjunction with
fusion [1, 2]. Laminoplasty is a technique that indirectly de-
compresses the spinal cord and preserves neck motion by
avoiding fusion. This is accomplished by hinging the laminae
open on one or both sides to allow the spinal cord to migrate
posteriorly away from anterior compressive structures.
Laminoplasty was initially described by the Japanese in the
early 1970s to treat ossification of posterior longitudinal
ligament [3]. By leaving the dorsal structures in situ, lamino-
plasty was developed to avoid the problems associated
with laminectomy, such as kyphosis, instability, and delayed
neurologic problems due to scar invasion. Laminoplasty has

become increasingly popular in North America as experience
with laminoplasty techniques has grown and its application
has expanded to treat other causes of multilevel cervical
stenosis besides OPLL, such as cervical spondylotic myelopa-
thy (CSM). The goals of this chapter are to discuss the ad-
vantages and disadvantages of laminoplasty, key technical
points regarding different laminoplasty techniques, along
with the complications and outcomes of laminoplasty.

2. Advantages of Laminoplasty

Laminoplasty allows the spinal cord and the neuroforamen
to be decompressed without directly removing anterior pa-
thology. By preserving the dorsal elements of the spine,
laminoplasty preserves spine stability and alignment and
decreases the risk of postlaminectomy kyphosis and insta-
bility [1, 4–23]. Additionally, since fusion is not required,
complications such as fixation failure, pseudarthrosis, loss
of motion, and adjacent segment degeneration do not occur.
This may allow earlier mobilization and rehabilitation com-
pared to other surgical options. In addition, laminoplasty
can avoid graft-related complications such as graft extrusion,
settling, collapse, dislodgement, and fracture. The financial
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costs associated with laminoplasty are potentially minimized,
as well, without the need for lateral mass screws and rods
used during fusion. With laminectomy, epidural scar forma-
tion can form between the dura and muscle leading to
postoperative pain and neurologic compression [24–26].
However, with laminoplasty, the lamina is preserved and it
protects the dura from this “postlaminectomy membrane.”
Preserving the lamina also makes revision procedures re-
quiring posterior approaches safer. Finally, laminoplasty has
the advantage of avoiding the potential morbidity that can
accompany anterior approaches, such as dysphagia, recur-
rent laryngeal nerve injury, dysphonia, and injury to the
esophagus or carotid sheath contents.

3. Disadvantages of Laminoplasty

Laminoplasty does not address neck pain, if that is a compo-
nent of a patient’s symptomatology. Laminoplasty may even
cause worse neck pain than anterior procedures, especially in
the early postoperative period, due to the extensive muscle
stripping that accompanies this procedure. This has been
shown to be especially true if the dissection and laminoplasty
is carried down to C7 [27, 28]. Although laminoplasty does
not require fusion, range of motion is still reduced following
laminoplasty [4, 8, 18, 20, 29–37]. Once the laminoplasty
hinge has been opened, it requires some stabilization to
maintain the expanded position during healing. This fixation
is associated with some cost, bone graft may be required, and
there is the potential for nonunion or failure. In addition,
the longitudinal incision associated with laminoplasty may
be less cosmetic than anterior incisions.

4. Indications

Cervical laminoplasty is indicated for cases of cervical my-
elopathy or myeloradiculopathy due to central stenosis
extending more than three intervertebral disc spaces. This
can be due to multilevel degenerative cervical spondylosis,
OPLL, multilevel disc herniations, certain spinal cord tu-
mors, neuromuscular disorders, acute traumatic central cord
syndrome, or developmental cervical stenosis.

5. Contraindications

Kyphotic deformity is a contraindication for laminoplasty.
In the kyphotic spine, laminoplasty does not address the
cord compression anteriorly and leads to decreased canal
expansion and dorsal migration of the cord [38]. In addition,
laminoplasty can contribute to spine instability and worsen
the kyphosis in these cases. Ideal laminoplasty patients
have lordotic cervical spine alignment and no instability on
dynamic radiographs. Laminoplasty can be done in neutral
spines (generally defined as less than 4 degrees of either
kyphotic or lordotic angulation) but lordotic alignment is
preferable since multiple studies have documented loss of
lordosis after laminoplasty [12, 20, 29, 30, 39–51]. In patients
with radiographic evidence of instability, laminoplasty alone
may worsen the instability and should be accompanied by

fusion. The ideal laminoplasty patient also has minimal
complaints of neck pain. Laminoplasty may not address neck
pain and, in fact, may even worsen neck pain. However,
the presence of mild neck pain is not a contraindication
to laminoplasty, provided the patient accepts the risk of
postoperative neck pain. Stenosis at one or two levels is
not an indication for laminoplasty since the short length of
decompression achieved in these cases does not yield the
same amount of spinal cord migration away from anterior
structures. Post-laminoplasty instability may also be an issue
in patients with rheumatoid arthritis, which is a relative
contraindication for laminoplasty [52].

6. Preoperative Considerations

As always, a thorough history and physical exam, especially
a thorough neurologic exam, are imperative prior to per-
forming a laminoplasty. Radicular symptoms may suggest
the need for a foraminotomy, while significant neck pain may
indicate the patient for posterior fusion in combination with
laminoplasty. AP/lateral views of the cervical spine and CT
myelogram or MRI of the cervical spine is also critical. These
imaging modalities can be used to correlate with clinical
findings and to assist with surgical planning. They are also
important if cervical foraminotomy is needed as they can
be used to help assess the level(s) and location of nerve
root compression. Upright plain films are used to determine
preoperative kyphosis and one’s ability to perform posterior
surgery. Flexion-extension films should be evaluated for any
evidence of instability that may need to be addressed with a
posterior fusion.

7. Patient Positioning

We prefer to use the 180-degree operating room setup and
a Mayfield tong attachment with gelfoam bolster pads on a
standard table. The Mayfield tongs allow control and stability
of the cervical spine during positioning. Other alternative
operating room table and positioning options include a
Jackson frame with a Mayfield tong attachment or a Stryker
or Jackson frame with Gardner tong traction.

Intubation must be achieved cautiously. In cases involv-
ing severe myelopathy, awake fiberoptic intubation is often
recommended to minimize the risk of spinal cord injury with
neck extension and to allow monitoring of neurologic status
after intubation. Neuromonitoring electrodes are placed
and baseline somatosensory and transcranial motor evoked
potentials are recorded prior to commencement of the case.
Mayfield tong retractors are placed and the patient is placed
prone.

The table should be placed in reverse Trendelenburg po-
sition at about 20–30 degrees to help with venous drainage
and visualization. The shoulders are taped down to provide
more complete radiographic visualization of the lower cer-
vical spine. The head should be in maximum capital flexion
and the cervical spine in a neutral position to maximize inter-
laminar and interspinous space and to open the facet joints
during foraminotomy. The exception to this is if posterior
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fusion is planned, in which case slight extension of the neck
during positioning or prior to fusion is necessary. The pre-
ferred patient positioning setup is shown in Figure 1. After
patient positioning, SSEP and MEP signals are again checked
to see if there is any change from baseline that might require
repositioning. The posterior cervical spine is then prepped
and draped in the usual sterile fashion, including the occip-
ital protuberance rostrally to the T3 spinous process caudally.

8. Laminoplasty Techniques

Oyama et al. first described cervical laminoplasty in Japanese
in 1973 as a treatment for OPLL [3]. In this initial expansive
laminoplasty procedure, the “Z-plasty” of the cervical spine,
the spinous processes are removed, the lamina is thinned
to the lamina-facet junction, and a Z-shaped cut is made
between the laminae which are opened and fixed with suture
or wire (Figure 2). Since its initial description by Oyama,
laminoplasty techniques have been constantly refined. Most
of these changes relate to how the cuts in the lamina or
spinous process are made and how the laminae are secured in
an open position—with wires or heavy sutures, bone anchors
or bone blocks, hydroxyapatite blocks, miniplates, local
spinous process autograft, and combinations thereof. All
variations in laminoplasty techniques maintain the common
theme, however, of repositioning the laminae, expanding
the canal, and preserving the dorsal elements to maintain
stability. In general, none of these technical variations have
proven to be any safer or efficacious than the other. There
are generally three categories of laminoplasty techniques: the
“open door” laminoplasty, the “double door” laminoplasty,
and the various muscle-sparing laminoplasty techniques.
We will describe these techniques in detail in the following
sections.

9. Expansive Open-Door Laminoplasty
(Also Known as the Hirabayashi,
Open-Hinged, or Single-Door Technique)

Hirabayashi et al. simplified the Z-plasty described by Oyama
in the early 1980s with his unilateral expansive open-door
laminoplasty [4, 34]. In this technique, a hinge is created on
one side of the lamina-spinous process-ligamentum flavum
complex. This allows the roof of the canal to be opened on
the contralateral side leading to an expansion of the spinal
canal.

Most commonly, laminoplasty is performed from C3 to
C7 and all these levels need to be exposed. This starts with
a midline longitudinal posterior incision from the occipital
protuberance down to the T1 spinous process. With electro-
cautery, dissection proceeds through the midline fascia and
ligamentum nuchae and the spinous processes from C2 to T1
are exposed. Levels can be identified by palpation and visual-
ization of the prominent, bifid C2 spinous process. Preserve
the supraspinous and interspinous ligaments at the proximal
and distal extents of the exposure during this approach but
Bovie electrocautery can be used to incise these ligaments in
the midline at the planned laminoplasty and foraminotomy

Figure 1: Photo demonstrating proper patient positioning. Patient
is prone and the head is secured by Mayfield tongs without traction.
The table is placed in the reverse Trendelenburg position. Shoulders
are taped down and the neck is in slight flexion.

Figure 2: In the original “Z-plasty,” after troughs are drilled at
the junction between the lamina and lateral mass, the laminae are
thinned, a “Z” is cut in the laminae with a drill, and, as shown
here, the laminae are spread apart and held with wire or suture to
maintain the expanded canal position.

levels. Also preserve the muscular attachments to C2 as
much as possible to minimize risk of postoperative kyphotic
deformity between C2 and C3. This is facilitated by first
exposing the C7 lamina, retracting the paravertebral muscles
at this level, and continuing this dissection rostrally to
the upper part of the C3 lamina. Complete this midline,
subperiosteal dissection of the paravertebral muscles for the
C3 to C7 spinous processes and retract these muscles laterally
off the spinous processes, laminae, and medial aspect of the
facets. Staying in the natural, avascular, subperiosteal plane
prevents damage to the paraspinal muscles and minimizes
blood loss. Figure 3 shows the exposure required to perform
a laminoplasty. This dissection needs to be extended as far
as the lateral masses but the facet capsules must be preserved
unless fusion is being performed. Hemostasis at all times can
be achieved with monopolar or bipolar electrocautery.

Again, the C2 extensor muscular attachments do not
need to be released. If, however, a decompression is necessary
at the C2 level and undercutting of the lamina with a burr
is not adequate, a laminoplasty can be done at C2 as well.
In this case, the C2 extensor muscles can be released or
taken off with a thin osseous sleeve and subsequently sutured
back down to the C2 dorsal structures. If a foraminotomy is
planned at C2-C3, the extensors on the inferior half of C2
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Figure 3: Intraoperative photo showing laminoplasty exposure.
Following midline dissection along the avascular subperiosteal
plane, paraspinal muscles are retracted laterally and the spinous
processes, lamina, and medial aspect of the facets should be com-
pleted denuded of soft tissue.

are released so the facets can be visualized adequately. At this
point, once the soft tissues have been reflected off the spinous
processes and laminae, retractors can be placed on the sides
of the wound and, if necessary, rostrally and caudally, to facil-
itate visualization. The microscope may also be extremely
helpful for visualization, especially during foraminotomy,
decompression, and creation of the laminar osteotomies.

In the expansive open-door laminoplasty, the opening
side of the lamina should be cut before the hinged side to
minimize blood loss. The opening side is usually placed on
the side with worse radicular symptoms or more stenosis
because, on this side, it is technically easier to perform
a foraminotomy to decompress the neuroforamen. If it is
necessary to perform a foraminotomy on the hinged side,
this should be done first to prevent detachment of the
lamina and because this is technically more demanding.
Using controlled, side-to-side brushing motions with a 2 or
3 mm cutting burr or high-speed microdrill, a trough is made
at the junction of the lamina and lateral mass from C3 to
C7 by decorticating the posterior aspect of the lamina (see
Figure 4(a)). Extra caution should be used at the superior
aspect of the lamina, where there is no ligamentum flavum to
protect the dural sac. The troughs, created rostral to caudal
from one level above to one level below the stenotic levels,
should be perpendicular to the lamina. The facets should
not be violated. Following thinning of the lamina down to
a thin cortical layer, use a curette to free the ligamentum
flavum off the inferior aspect of the C7 lamina. Complete the
laminar cuts just medial to the pedicles with a 2 or 3 mm
Kerrison punch by removing the thin rim of remnant lamina
and associated ligamentum flavum from caudal to rostral.
Epidural venous bleeding can be controlled with thrombin
gel and bipolar electrocautery.

Next, for the “hinged” side of the laminoplasty, another
trough is made at the junction of the lamina and lateral
mass with minimal disruption of the facet capsule to prevent
postoperative instability. While a 2 mm cutting burr or high-
speed drill can be employed for this portion of the procedure,
we find that a 6 mm diamond burr is useful to cut the outer
cortex in the process of creating a greenstick fracture on the
hinged side as it minimizes the risk of completely breaking
through the inner cortex of the lamina. This large burr
tip also helps create a slightly wider trough on this hinged

(a)

(b)

Figure 4: Sawbones model of an open-door laminoplasty. A trough
has been drilled in the lamina at the lamina-lateral mass junction
with a burr until there is a thin remnant of lamina left. This cut
has been completed with a Kerrison punch (a). After the complete
trough on the open side, a second trough is drilled on the hinge side.
Expand the canal and the opening on the open side with a curette on
the open side between the laminae and lateral mass while rotating
the lamina towards the hinged side with a Kocher, as shown in (b).

side so the walls of the trough do not contact each other
when the door is opened which would limit the amount of
decompression. Again, the lamina is thinned with a burr by
removing the outer cortex and approximately one half of the
cancellous bone. Do not violate the inner cortex which will
act as a hinge. To prevent excessive thinning of the lamina
on the hinged side and complete dissociation of the entire
lamina, it is helpful to periodically assess the amount of
“give” in the spinous process when it is manipulated and
to use the depth of the lamina on the opened side as a
reference for how deep the trough should be on the hinged
side. Additionally, a curette can be placed on the open side
and pulled upwards. When motion in the lamina is seen with
this maneuver, the trough on the hinged side is complete.
The top and bottom laminae of the open side which will be
included in the laminoplasty can be separated from adjacent
levels with a Kerrison Rongeur to cut the lamina and attached
ligamentum flavum. This creates three free borders for the
“door” which can now hinge open.

Once the laminae are thinned sufficiently, the posterior
elements are more flexible and the lamina can be opened very
gradually and carefully by additional thinning of the hinged
bone, pulling the spinous process toward the hinged side,
and lifting the lamina off the spinal cord with a curet on the
opening side. Opening the laminae as a single unit preserves
the intraspinous ligaments and dorsal structures that help
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stabilize the spine. This can be accomplished by opening
the lamina at each level gradually and to the same degree
as the other. In this way, the gap on the open side between
the lamina and facet is increased and a greenstick fracture is
established along the trough on the hinged side. If this step
is performed with too much force or speed, the inner cortex
on the hinged side can fracture. In this case, laminectomy
with fusion or stabilization of the hinged side is required.
Additionally, if control of the lamina is lost and the door
inadvertently snaps closed, this can injure the spinal cord.
A Penfield dissector or curette can be helpful to expand the
opening and the lamina can be rotated towards the hinged
side with a Kocher (see Figure 4(b)). A Woodsen probe
or elevator can be used to release any adhesions between
the dura and ventral lamina on the opened side. Laminar
opening is made easier with posterior elements that are
more pliable, and this can be achieved with division of the
supraspinous and interspinous ligaments at C2-C3 and C7-
T1 and/or release of the ligamentum flavum on the opening
side of the lamina. Once pulsatile flow in the dura is noted,
which is usually at about 8–10 mm of opening, adequate
canal expansion has been achieved. Hemostasis is achieved
with gelfoam or surgicel and epidural bleeders are controlled
with bipolar electrocautery. Bony bleeding is controlled with
bone wax on a kittner or other local hemostatic agents.

In his initial description, Hirabayashi stabilized the lam-
inae in an open position with sutures through the facet cap-
sule and spinous processes on the hinged side. Titanium
miniplates with or without allograft or autograft, allograft
stabilized with CG clips, stainless steel wiring, facet cables
with and without allograft, various suture techniques, ce-
ramic implants, bone anchors placed through the lateral
mass, and various structural wedge allografts and autografts
are other modified techniques that have been described to
keep the door propped in the open position [6, 46, 47, 53–
58]. The senior authors prefer either a suture anchor or
miniplate for initial stabilization.

Suture anchors are a simple way to maintain the opening
of the laminae. We find them to be a safe and time-efficient
method that minimizes the risk of disrupting the facet joints
and nerve roots. In addition, this technique does not require
grafting or fixation of the lamina to the lateral mass. The
suture anchors are placed into the lateral masses on the
hinged side (Figures 5(a) and 5(b)). We make a hole in the
base of the spinous process using a right-angle dental drill
with a 2 mm burr tip. Once the laminae are hinged open, a
Keith needle is used to bring the nonabsorbable suture from
the suture anchor in the lateral mass through the drill hole
in the spinous process (Figure 5(c)). Appropriate tension on
the suture is achieved with a slip knot and then square knots
are tied under tension to maintain the laminar opening
(Figure 5(d)).

Our other preferred fixation method involves using tita-
nium miniplates and allograft spacers to hold the laminae
open, as shown in Figure 7. Once the laminae are expanded,
the appropriate allograft size is ascertained by inserting
a trial spacer into the laminar opening (Figure 6). We then
choose a double pre-bent miniplate of appropriate length
which can be fixed to the allograft via a center screw hole.

The miniplate-allograft construct is then placed in the lam-
inar opening such that the cut laminar edges are wedged
securely in the ends of the allograft that are prenotched. The
graft should fit securely in the laminar gap. We then secure
the miniplate with one or two self-tapping 2.0 mm cortex
screws on both the laminar and lateral mass side.

We have found both suture anchors and miniplate fix-
ation to be reasonable methods of maintaining the laminar
opening, as shown in Figure 9.

10. Double-Door Laminoplasty (Also Known
as French Door, Spinous Process-Splitting,
Midline Opening, or T-Saw Laminoplasty)

In Hirabayashi’s expansive open-door laminoplasty, the
spinal cord is decompressed asymmetrically since the door
opens on one side and hinges on the other. In contrast, the
double-door laminoplasty, described by Kurokawa in 1982,
expands the canal symmetrically as the opening is created
in the midline [59]. This is accomplished by splitting
the spinous processes in the midline with the left and
right hemilaminae hinging on the lamina-spinous process-
ligamentum flavum complex bilaterally (Figure 10(a)). In
the double-door technique, the same positioning, draping,
and midline posterior exposure as the open-door technique
is performed. This exposure is carried out laterally to the
middle of the lateral masses. Preserve the semispinalis muscle
attachments to the C2 spinous process as much as possible.
Troughs are drilled bilaterally with a high-speed drill or
burr at the lamina-lateral mass junction from C3 to C7, just
medial to the pedicle (Figures 10(b) and 10(c)). The inner
cortex, as with the open-door technique, is only thinned. The
spinous processes are then split down the middle. A drill or
burr is used to thin the lamina and a Kerrison punch is used
to open the lamina in the midline. The midline laminar splits
can be opened with laminar spreaders (Figure 10(d)). The
laminae are lifted off the spinal cord in the midline and held
open like a French door. This allows the spinal cord to drift
posteriorly in the enlarged canal.

One purported advantage of the double-door technique
is that the decompression occurs directly posterior to the
cord so there is less bleeding from the lateral epidural veins
that often accompanies the open-door technique. Adhesions
between the dura and ventral side of the lamina are freed. The
laminar opening can be fixed with suture passing through the
facet capsules and lamina. In the initial description of the
double-door procedure, the canal was left open. However,
several techniques have been proposed to span the space
between the gapped lamina and to protect the spinal cord.
These include the use of ceramic/hydroxyapatite spacers,
iliac crest bone graft, rib autograft (Figure 10(e)), or, as
described by Kurokawa, resected spinous process autograft
fixed between the lamina with wires [59–61].

In the Tomita modification of the double-door lamino-
plasty (also known as the “T-saw laminoplasty”), the spinous
processes and laminae are split with a Gigli-like wire-saw
[29, 62] (Figure 11). After the ligamentum flavum is re-
sected down the midline above and below the levels to be
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(a) (b)

(c) (d)

Figure 5: Once the door is opened, the laminae can be held in the open position with suture anchors. Suture anchors are placed into the
lateral masses of the hinge as shown in (a) and (b). Next, the suture anchor is brought through a drill hole in the spinous process (c). The
suture is tied to prevent closure of the laminoplasty (d).

Figure 6: For titanium miniplate fixation, once the laminae are ex-
panded, use a trial spacer to determine the appropriate allograft size.

decompressed, a polyethylene sleeve that encompasses a T-
saw is passed superiorly along the epidural space. Grab hold
of the sleeve tip as it comes into view in the C2-C3 interspace.
Advance the saw through the sleeve and remove the sleeve
over the saw. After verifying adequate cervical lordotic
alignment to minimize the risk of cord injury, a reciprocat-
ing sawing motion is used to saw through the midline of
the laminar arch. Irrigate periodically to minimize thermal

damage. Greenstick fractures are then created by using a
high-speed burr to create bilateral troughs at the medial
one-third of the lateral masses. The split laminae are then
opened as with the double-door technique. Carefully free up
any epidural adhesions. Foraminotomies can be done prior
to opening the hinges. The opened canal can be stabilized
with various grafts, including rib or fibula allograft spacers,
autologous spinous process, or iliac crest [29, 63].

The primary disadvantage of the double-door technique
is that it can be technically challenging. This technique also
potentially puts the spinal cord more at risk than the open-
door technique as the dura is just deep to the spinous process
that is split with a burr or saw. Foraminotomy is also techni-
cally demanding and may cause disruption of the hinge.

11. Muscle-Sparing Laminoplasty Techniques

Many problems associated with laminoplasty such as axial
neck pain, postoperative kyphosis, and segmental instability
are thought to be related to neck muscle disruption [12, 33,
64–66]. Various techniques have been described to minimize
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(a) (b)

Figure 7: Sawbones model (a) and intraoperative photo (b) showing miniplate and allograft placed in the laminar opening. The miniplate
has been fixed with 2 screws on both the laminar and lateral mass side.

(a) (b) (c)

Figure 8: Sawbones model showing an increase in A-P diameter of the canal between the preexpanded status (a), after suture anchor
laminoplasty (b), and after laminoplasty with miniplate fixation (c).

(a) (b)

Figure 9: Axial CT scans of patients following expansive open-door laminoplasty. The laminar opening has been maintained with suture
anchors (a) and miniplate fixation (b).
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(a) (b)

(c) (d) (e)

Figure 10: In the double-door laminoplasty technique, a high-speed burr is used to split the spinous processes in the midline (a). The burr is
then used to create troughs bilaterally at the junction of the lamina and lateral mass, as shown in (b) and (c). The hemilaminae are separated
at the midline with a laminar spreader and elevated (d). The expanded canal is then held in the open position with either bone graft or
ceramic/hydroxyapatite spacers (e).

Figure 11: Instead of using a burr for the double-door laminoplasty
technique, with the Tomita modification of the double-door lami-
noplasty, the spinous processes are split in the midline with a Gigli-
like T-saw.

disruption of muscular and ligamentous attachments to the
lamina and spinous processes.

Shiraishi described a technique designed to minimize
damage to the deep extensor muscles of the cervical spine,
and, in particular, the attachments of the semispinalis cer-
vicis (SSC) and multifidus muscles to the spinous processes
[65] (Figure 12). An operating microscope is recommended
for this minimally invasive exposure. A longitudinal midline
incision is made overlying the spinous processes of the
planned laminoplasty levels. For instance, for a C4 and C5
laminoplasty, the incision would overlie the C4 and C5
spinous processes. The nuchal ligament is incised in line with

this incision. Identify the interval between the tips of the C4-
C5 spinous processes, which separates the insertions of the
interspinalis muscles, SSC, and multifidus muscles to the C4
spinous process from the left and right side. This interval is
opened with a nerve retractor such that the muscles attached
to the C4 spinous process on the left are retracted to the
left and vice versa for those muscles attaching on the right
side of the C4 spinous process. The ligamentum flavum and
superior half of the C5 lamina should be visible. Sever the
interspinalis muscles where they attach to the C5 spinous
process. The attachments of the SSC and multifidus muscles
on the C5 spinous process are pulled distally so that the
attachments of the rotator muscles inserting on the inferior
half of the C5 lamina can be seen and dissected off the C5
lamina. By retracting the muscles attached to the C5 spinous
process even more distally and those to the C4 spinous
process laterally, the C5 lamina, the superior border of the C6
lamina, and the C5-C6 intervertebral joint are exposed with-
out taking down any of the SSC or multifidus attachments to
the C4, C5, or C6 spinous processes. Following this exposure
that preserves the attachments of the SSC and multifidus
to the spinous processes, a double-door laminoplasty can
be performed similar to its application with the standard
midline posterior approach.

Others, however, have suggested that it is not disruption
of the extensor muscles that causes axial pain, but disruption
of the musculoligamentous structures attached to the C7
spinous process, such as the trapezius, rhomboid minor, and
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(a) (b) (c)

Figure 12: Illustration (a) and sawbones model (b) showing how a muscle-sparing exposure can be applied to a double-door laminoplasty.
The deep extensor muscles attaching to the C4 spinous process are pulled laterally and those attaching to the C5 spinous process are pulled
distally. The double-door laminoplasty can then be done as with the standard posterior midline exposure with sagittal splitting of the spinous
processes and the creation of bilateral laminar troughs which serve as hinges on which the double-door can open, as shown in (c).

the nuchal ligament [27, 28, 67]. This has led to the recom-
mendation that C7 should be excluded, if possible, from the
laminoplasty procedure. This may minimize postoperative
neck pain by preserving the C7 spinous process as a fulcrum
for neck muscles and it maintains the stabilizing role the C7
lamina plays in the cervical spine [27, 28, 67]. Alternatively,
if the epidural space at the ventral aspect of the C7 lamina is
tight upon probing, a laminotomy at the superior half of C7
can be done [67].

Others, still, have focused not on disruption of the C7
musculoligamentous attachments as a major source of axial
neck pain, loss of extensor power, and loss of cervical align-
ment, but, instead, disruption of the extensor musculature
and, in particular, the semispinalis cervicis muscle attach-
ments on C2 [21, 32, 33, 68–75]. A traditional C3-C7
laminoplasty usually requires disrupting and reattaching
the extensor muscle insertions onto C2. Takeuchi, however,
proposed a C3 laminectomy with a C4-C7 laminoplasty to
preserve these muscles and minimize axial neck pain [69].
In another muscle-sparing modification, some recommend
a C3 laminectomy, a laminoplasty from C4 to C6, and an
undercutting of the inferior two-thirds of the lamina of C2
and superior half of the lamina of C7. The goal of this
technique is to achieve an adequate decompression at C3-
C7 but to minimize the incision, the potential for instability,
and the amount of bony work and muscle disruption. In
another muscle-sparing modification aimed at preventing
post-laminoplasty cervical malalignment, Shiraishi and Yato
proposed a variation of the double-door laminoplasty pro-
cedure that expands the C2 spinal canal while preserving all
the muscular attachments to each half of the split C2 spinous
process [70].

12. Foraminotomy

Performing a foraminotomy in association with lamino-
plasty is indicated in cases of significant radiculopathy or
if there is radiographic evidence of neuroforaminal stenosis
regardless of symptoms. This is done both to prevent the
development of nerve root compression postoperatively and,
possibly, to minimize postop neck pain due to nerve root
stretch and compression. Some also recommend performing
a foraminotomy based on abnormal neuromonitoring sig-
nals, especially those involving the C5 nerve root, which is
particularly vulnerable to traction injury. Others, still, rou-
tinely perform bilateral C4-C5 foraminotomies to minimize
the risk of a C5 root palsy.

The use of an operating microscope can be helpful for
visualization purposes during the foraminotomy. The open-
ing side of the laminoplasty should be placed on the side
of the radiculopathy since this is the side that neuro-
foraminal decompression is easiest. Foraminotomies are
usually done once the lamina is raised and the ligamentum
flavum is removed. Foraminotomy is done by deroofing the
foramen—that is, removing the superior articular facet of the
caudal segment that covers the foramen, which is generally
the medial third of the facet. This posterior decompression
allows the nerve root to migrate posteriorly, away from the
uncovertebral osteophytes. If a foraminotomy is to be per-
formed on the hinge side, it should be completed before the
laminoplasty to prevent complete disruption of the lamina.

A high-speed burr is used to remove about 50%, medial
to lateral, of the inferior articular facet which overlies the
superior articular facet dorsally. This exposes the articular
surface of the superior articular facet. Thin the facet with
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a combination of cutting and diamond burrs and then a
1 mm Kerrison punch is used to remove the roof of the
foramen, thus exposing the exiting nerve root. Adequate
decompression requires resection of the superior articular
facet overlying the inferior pedicle but not lateral to it, as
this may lead to instability. Verify adequate decompression by
probing the foraminal opening with a nerve hook. The lateral
wall of the superior and inferior pedicles should be easily pal-
pable. Hemostasis is facilitated with gelfoam and thrombin.

13. Fusion

Fusion is indicated with laminoplasty for patients with severe
axial neck pain, evidence of instability, or bilateral radicular
symptoms in addition to myelopathy. If fusion is planned,
the exposure needs to be carried out laterally to the lateral
aspect of the facet joints. Additionally, excision of facet
capsules from C3 to C7 should be performed during the
exposure. After the laminoplasty is complete, place lateral
mass screws at C3 to C7. The start point is 1 mm medial to
the center of the lateral mass with a 15-degree rostral and 30-
degree lateral trajectory [76]. Some prefer a pedicle screw at
C7 for additional stability. After lateral mass decortication,
allograft or cancellous iliac crest autograft is packed into the
decorticated fusion bed.

14. Wound Closure

After copious irrigation of the wound with normal saline,
retractors are removed, hemostasis is achieved, and a deep
drain is placed. A standard layered closure is then performed.
We close the fascia covering the paravertebral musculature
with a No. 0 vicryl suture in a Figure 8 fashion, followed by
a No. 0 PDS running stitch. The subcutaneous layer is closed
with No. 2-0 vicryl in an interrupted buried fashion. We close
the skin with either a No. 3-0 monocryl suture using a run-
ning subcuticular technique or a No. 3-0 nylon baseball stitch.

15. Postoperative Management

The head of the bed should be kept at greater than 45 degrees
for the first couple days after surgery to minimize venous
bleeding. Patients are immobilized in a rigid cervical collar,
such as an Aspen collar, for 3-4 weeks. Mobilization with
physical therapy starts on postoperative day one, including
bed transfers and ambulation. We obtain AP and lateral plain
films of the cervical spine prior to patient discharge. Patients
typically are discharged 24 to 48 hours after surgery and
return for their first follow-up visit 3-4 weeks later, at which
point we obtain repeat AP and lateral cervical spine films. We
encourage patients to return to their day-to-day activities as
soon as possible. At 3-4 weeks, patients can discontinue the
use of their collar and initiate isometric neck exercises.

16. Complications

16.1. Wound Complications. Some argue that wound compli-
cations, such as infection or dehiscence, is a greater risk with

laminoplasty compared to laminectomy as the lamina are
rotated and held open [77]. This is an inherent complication
for all posterior cervical approaches due to the strong
muscular attachments. We have found the rate of infection
and dehiscence to be extremely low in our laminoplasty
patients. Avoidance of soft tissue complications is facilitated
by paying meticulous attention to soft tissue handling,
copious irrigation, thorough hemostasis, excision of necrotic
soft tissue prior to closure, a watertight closure, subfascial
drain placement, and perioperative antibiotics.

16.2. Neurologic Complications. One of the advantages of
laminoplasty, compared to laminectomy, is the theoretical
decreased risk of neurologic complications as laminoplasty
does not involve placing any instruments between the lamina
and dural sac. Neurologic deterioration is, however, still
a potential risk with laminoplasty. This may be due to
hematoma, inadequate decompression, traumatic surgical
technique, restenosis or persistent stenosis due to inadequate
raising of the lamina, fracture of the hinged lamina, or
closure or dislodgment of the laminar opening [46, 51].
Laminar closure can be related to inadequate stabilization of
the opening or hardware issues, such as broken miniplates.
The incidence of canal restenosis is challenging to ascertain as
CT and MRI scans are not routinely obtained and, when they
are, long-term radiographic assessment of space available for
the cord is rarely reported.

As with laminectomy, nerve roots can be mechanically
injured during laminoplasty procedures, particularly during
decompression with a drill or punch. Isolated nerve root
injuries are a particular concern with laminoplasty, however,
and they occur around five to 11% of the time [4, 20, 78, 79].
This complication presents primarily with motor weakness.
Sensory deficits are a less common presentation. C5 is the
most common nerve root affected. Although C5 palsies
usually present 1–3 days after surgery with deltoid weakness
and shoulder pain, the presentation can occur as late as 20
days postop [80]. It is not clear what causes the C5 nerve
root palsy but some postulate it is related to a traction injury
to the nerve root. Not only are the C5 roots shorter and
less forgiving to traction injuries, C5 is also at the apex of
the lordotic cervical curve and, in general, it is at the
center of the laminoplasty [20, 37, 79–81]. Thus, the cord
drifts posteriorly at C5 moreso than at other levels, which
preferentially stretches the C5 nerve root. Other potential
mechanisms of injury to the C5 nerve root with lamino-
plasty include intraoperative trauma to the C5 nerve root,
dislodging of the lamina on the hinge side, preoperative
neuroforaminal stenosis not adequately addressed intraoper-
atively, and preexisting spinal cord pathology [20, 78, 81–83].
Some recommend intraoperative transcranial motor evoked
potential and spontaneous EMG monitoring to prevent C5
root injuries by performing a C5 foraminotomy if there are
any abnormal signals to indicate the need to do so.

Treatment of nerve root palsies involves physical therapy
and nonsteroidal anti-inflammatory medication. In general,
complete or near complete recovery from the C5 palsy occurs
spontaneously within one year but it can take up to six
years to recover [37]. Some have recommended prophylactic
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foraminotomy and facetectomy to prevent a C5 palsy but this
recommendation has not been borne out in the literature.

16.3. Axial Neck Pain. The true incidence of axial neck pain
or stiffness following laminoplasty is variable in the litera-
ture. Yoshida et al., in their series, found that laminoplasty
did not improve or cause neck or shoulder pain [84]. Hosono
et al., however, demonstrated that axial neck pain was present
in 60% of patients following laminoplasty in the postop
period, a significantly higher incidence rate than that of his
anterior fusion patients [66, 84]. This variation in the litera-
ture with regards to the true incidence of post-laminoplasty
axial neck pain is also evidenced by Sani’s meta-analysis
of outcomes in 71 laminoplasty series including more than
2000 patients: he found that postoperative axial neck pain
occurred in anywhere from 6 to 60% of patients and did
not depend on the type of laminoplasty performed [50].
Postoperative neck pain is thought to be related to dissection
around the facets and soft-tissue retraction, necrosis, and
scarring [66, 77]. The neck pain begins in the early postop
period and usually goes away within a year. Preventing
postoperative neck pain and stiffness is the basis for rec-
ommending early neck range of motion. Nonsteroidal anti-
inflammatory medications and physical therapy can be of
benefit, although this has not been studied in the literature.

16.4. Loss of Cervical Motion. Although one advantage of
laminoplasty is that it allows for decompression without
fusion, studies have reported a decrease in cervical range of
motion after laminoplasty. This loss of motion is in the range
of 17–75% but, usually, a global loss of cervical motion of
approximately 50% is seen [4, 29, 33–37, 41, 46, 48, 49,
53, 55, 85–87]. There is some controversy over the clinical
significance of this loss of cervical motion. Some argue that
range of motion after laminoplasty is crucial to addressing
mechanical stress and avoiding adjacent segment degen-
eration and axial neck pain [47]. On the other hand,
some propose that post-laminoplasty stiffness contributes
to resolution of OPLL, protects the spinal cord by limiting
dynamic motion, and maximizes the potential for neurologic
recovery [41, 51, 88].

16.5. Loss of Cervical Alignment. No laminoplasty technique
can prevent the development of some kyphosis postoper-
atively. The range of worsening cervical alignment in the
literature varies from 22 to 53%, a complication that is not
avoided with fusion [12, 20, 29, 30, 40–51, 88]. There is
a paucity of literature on the correlation between kyphotic
deformity and clinical or neurologic outcomes and even
some data suggesting there is no such correlation [36, 48, 51,
88]. Augmenting a laminoplasty with modern instrumenta-
tion, however, has been shown to help preserve lordosis [6].

17. Clinical Outcomes

Multiple studies have shown that patients with cervical mye-
lopathy due to cervical spondylosis or OPLL do reliably ben-
efit from neurologic improvement following laminoplasty.

Most studies report outcomes using the Japanese Orthopedic
Association (JOA) scoring system, documenting mean preop
and postop scores and rate of recovery. Recovery rates follow-
ing laminoplasty of at least 50–70% are consistently reported
in the literature, though recovery rates as high as 90% have
been reported [8, 18, 20, 29, 36, 37, 44, 46, 47, 78, 86, 89–92].

Multiple authors have verified the reliable outcomes of
laminoplasty in the short to midterm, but there only a few
series that have been able to show that improvement in
neurologic status following laminoplasty is maintained in the
long-term. Kawaguchi et al. reviewed long term outcomes
(greater than 10 years) in 133 patients with cervical myelopa-
thy treated with laminoplasty [43]. The average preoperative
JOA score was 9.1 points, and, postoperatively, it improved
to 13.7 within one year. Although he did note some cases
of neurologic decline, postoperative radiculopathy, kyphotic
deformity, and loss of motion, JOA scores and recovery rates
were maintained at 13.4 points and 55% at last followup,
respectively. Seichi et al. performed a long-term retrospective
study looking at the results of double-door laminoplasty in
35 patients with OPLL and 25 patients with CSM, including
5 patients with athetoid cerebral palsy [36]. Average followup
was about 13 years. In 32/35 patients with OPLL and 23/25
patients with CSM, myelopathy improved. Improvements
in JOA scores were maintained at last follow up in 26/35
patients with OPLL and 21/25 patients with CSM. Late
neurologic deterioration occurred in 10 patients with OPLL
at a mean of eight years after surgery and in four patients
with CSM (including 3 patients with athetoid cerebral palsy)
at a mean of 11 years postop. Overall, short-term results
of laminoplasty were maintained at 10 years and Seichi’s
group concluded that double-door laminoplasty is a reliable
procedure for patients with cervical myelopathy (except in
those with athetoid cerebral palsy).

Neurologic recovery is most likely related more to preop-
erative neurologic status and degree of myelopathy than the
specific laminoplasty technique performed. No significant
difference has been demonstrated with one laminoplasty
technique compared to the other. The etiology of stenosis,
however, does appear to have an effect on prognosis follow-
ing laminoplasty. The benefits of surgery in patients with
CSM appear to last in the long term, but there is a slightly
higher rate of late clinical deterioration in patients with
OPLL. Age greater than 60 and a history of symptoms pre-
operatively for more than one year are also poor prognostic
indicators [42, 78].

There are very few studies directly comparing surgical
options for cervical myelopathy. Kaminsky’s group com-
pared outcomes in patients treated with laminoplasty versus
laminectomy without fusion for CSM using the modified
Nurick grading scale [93]. Both groups improved to a similar
degree. The patients who underwent laminoplasty, however,
had less postoperative cervical pain and less cervical range
of motion. Other earlier studies also found no difference
in long-term neurologic outcomes between patients treated
with laminectomy without fusion and laminoplasty [12, 56,
63]. However, Heller et al. performed a retrospective review
of two matched groups of patients with multilevel cervical
myelopathy who underwent either laminectomy with fusion
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or laminoplasty [94]. Compared to the laminectomy and
fusion cohort, the laminoplasty cohort showed greater rates
of objective improvement in function as judged by Nurick
scores and greater subjective improvement in strength,
dexterity, sensation, pain, and gait. In addition, no complica-
tions were noted in the laminoplasty cohort compared to 14
complications in nine patients who underwent laminectomy
and fusion. Heller et al. concluded that the differences he
found in terms of complications and functional improve-
ment between the two cohorts suggest that laminoplasty may
be more effective and safer than laminectomy with fusion for
multilevel cervical myelopathy.

Edwards et al. compared laminoplasty and anterior de-
compression and fusion in a matched cohort of 13 patients
in each group and found higher rates of neurologic improve-
ment, less pain medication needs, and fewer complications in
the laminoplasty cohort [95]. They concluded that though
both multilevel corpectomy and laminoplasty effectively
arrest progression of myelopathy and lead to neurologic
improvement, laminoplasty is a better option. Wada’s group
also retrospectively compared long-term outcomes between
23 patients treated with subtotal corpectomy and 24 patients
treated with laminoplasty for multilevel CSM over 10–14
years [48]. Neurologic recovery was identical between the
two groups and was usually maintained for more than
ten years. However, the subtotal corpectomy group had
longer surgeries, more blood loss, and a 26% pseudarthrosis
rate. Axial pain was significantly more common in the
laminoplasty group compared to the corpectomy group, at
40% and 15%, respectively. Loss of cervical motion was more
severe in the laminoplasty group as well: range of motion was
29% of what it was preoperatively in this group, compared
to 49% in the corpectomy group. Finally, Yonenobu et al.
also compared the results of 41 patients with CSM under-
going either subtotal corpectomy with strut grafting and
42 patients who underwent laminoplasty with a minimum
followup of 2 years [44]. There was no significant difference
in recovery rate and final score in terms of JOA scores. Com-
plications were more frequent in the subtotal corpectomy
group, however, and these were usually due to bone-graft-
related issues. Yonenobu’s group concluded that in terms
of neurologic results, complications, and the potential for
immediate mobilization that laminoplasty affords, it is the
preferred surgical technique for patients with CSM.

18. Conclusion

Laminoplasty is becoming an increasingly popular treatment
for multilevel cervical stenosis due to cervical spondylotic
myelopathy, OPLL, and other causes. Laminoplasty min-
imizes the risk of certain complications associated with
other surgical options, such as graft and fusion-related
complications, postoperative kyphosis and instability, and
the morbidity of an anterior approach. Laminoplasty does
have its own set of potential complications, including
laminar closure, axial neck pain, nerve root palsies, and loss
of cervical motion and alignment. However, laminoplasty
techniques are continuously being refined to address such
potential shortcomings. Indeed, further prospective data

with longer-term followup comparing laminoplasty tech-
niques to other surgical options is necessary. Yet, outcomes
in laminoplasty patients that are at least as good as anterior
decompression and fusion and laminectomy can be expected.
In the appropriate patient and with proper surgical tech-
nique, laminoplasty can be an excellent option for patients
with multilevel cervical stenosis and myeloradiculopathy.
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Aging is the major risk factor that contributes to the onset of cervical spondylosis. Several acute and chronic symptoms can occur
that start with neck pain and may progress into cervical radiculopathy. Eventually, the degenerative cascade causes desiccation of
the intervertebral disc resulting in height loss along the ventral margin of the cervical spine. This causes ventral angulation and
eventual loss of lordosis, with compression of the neural and vascular structures. The altered posture of the cervical spine will
progress into kyphosis and continue if the load balance and lordosis is not restored. The content of this paper will address the
physiological and biomechanical pathways leading to cervical spondylosis and the biomechanical principles related to the surgical
correction and treatment of kyphotic progression.

1. Introduction

Cervical spondylosis is a common progressive degenerative
disorder of the human spine often caused by the natural
aging process. It is defined as “vertebral osteophytosis sec-
ondary to degenerative disc disease” due to the osteophytic
formations that occur with progressive spinal segment de-
generation [1–3]. Early spondylosis is associated with degen-
erative changes within the intervertebral disc where desicca-
tion of the disc occurs, thus causing overall disc height loss
and a reduction in the ability of the disc to maintain or bear
additional axial loads along the cervical spine [3, 4]. At birth,
the intervertebral discs are healthy, with the proteoglycan
matrix within the nucleus pulposus maintaining a 70% to
90% water content which declines with aging [4]. As the
water content declines within the nucleus pulposus, the once
healthy glistening gelatinous appearance changes into a dark-
ened and discolored fibrous “crabmeat” consistency with a
loss in water content and a loss in the structural integrity.

Once the disc starts to degenerate and a loss in disc height
occurs, the soft tissue (ligamentous and disc) becomes lax,
resulting in ventral and/or dorsal margin disc bulge and
buckling of the ligaments surrounding the spinal segment,
accompanied by a reduction in the structural and mechanical
integrity of the supportive soft tissues across a cervical seg-
ment. As the ventral column becomes compromised, there is

greater transfer of the axial loads to the uncovertebral joints
and also along the dorsal column, resulting in greater loads
borne by the facet joints. As axial loads are redistributed to
a greater extent along the dorsal column of the cervical
spine, the facet joints are excessively loaded resulting in
hypertrophic facets with possible long-term ossification of
the posterior longitudinal ligament [1]. When the load
balance of the cervical spine is altered and disrupted, as
is the situation with cervical degeneration, the remaining
functional and supportive structures along the cervical spinal
column will absorb the added stress that is transferred to the
surrounding structures and adjacent levels along the spine.
Eventually these structures will also be excessively loaded,
resulting in a cascade of events of further degeneration and
tissue adaptation. Overloading the soft tissues and bone
eventually causes osteophytes to form in response to exces-
sive loading in order to compensate for greater stresses to the
surrounding bone and soft tissue (Figure 1).

Cervical spondylosis presents itself in three symptomatic
forms as neck pain, cervical radiculopathy, and cervical my-
elopathy. Neck pain and cervical radiculopathy (nerve root
involvement) can be acute, subacute, or chronic conditions
resulting from various stages along the degenerative cascade
[1]. Cervical myelopathy is less frequent in the spondylotic
patient and occurs in older patients with symptoms such as
neck, subscapular, or shoulder pain, accompanied by shock



2 Advances in Orthopedics

Figure 1: Radiographic representation of cervical spondylosis.

sensations and numbness in the extremities [1, 5–7]. Cervical
myelopathy involves motor and reflex changes indicative of a
more chronic condition and can eventually result in spastic
weakness and numbness of the extremities, loss of dexterity,
spastic gait, dorsal column function loss, and painful pares-
thesias [1, 6, 8, 9]. These chronic symptoms can eventually
become permanent with poor prognosis.

2. Pathogenesis and Etiology of
Cervical Spondylosis

The primary cause of cervical spondylosis is age-related de-
generation. However, there are some exceptions where spinal
injuries to the disc can augment the degenerative process in
the younger patient. A secondary manifestation of spondy-
losis is related to the compression of the vascular and neural
structures caused by a loss in the disc height and impinging
osteophytes that contribute to the numbness, shock-like sen-
sations, pain, and chronic motor and sensory affects, which
if not corrected may lead to permanent disabilities.

It is this physiological degenerative cascade that con-
tributes to the biomechanical changes that can cause neural
and vascular compression, pain, and loss of function.
Figure 2 illustrates the chain of events of cervical spondylosis
starting with the biomechanical changes that can result in
neural and vascular compression. Early changes in the pro-
teoglycan matrix cause an increase in the ratio of keratin sul-
fate to chondroitin sulfate resulting in the loss of water within
the disc. This desiccation causes the nucleus pulposus to lose
elasticity, shrink in size, and lose the ability to bear axial
loads. Since the dorsal fibers of the annulus are thinner than
the ventral aspect, there is a path of least resistance through
the annulus for a nucleus pulposus herniation. The annular
fibers become mechanically compromised with further disc
desiccation and are unable to effectively maintain axial loads,
causing buckling of the spinal ligaments and annular fibers

under compressive loads, which are further exacerbated with
eccentric loads (i.e., flexion, torsion, and bending) [1–3]. The
resultant loss in disc height causes the discs to bulge, the
ligamentous tissue to become lax and buckle, and the ventral
aspect of the cervical spine to compress. At this point, there
are significant alterations in the load distribution along the
cervical spinal column, with an end result of kyphosis of
the cervical spine. If not reversed, the kyphosis will continue
to progress, the annular and Sharpey’s fibers will separate
from the vertebral periphery and bony endplates, resulting
in reactive bone formation where the fibers have been
separated. These resultant bone spurs can be formed along
the ventral or dorsal margin of the cervical spine and within
the canals in response to the altered biomechanical loads,
causing compression of the neural and vascular structures.

The unique properties of bone and soft tissue are the
ability to regenerate and remodel the tissue along the lines of
loading and stress application, thus regaining the structural
integrity. However, if the load balance along the spinal
column is altered and is not restored, the tissue will remodel
along the altered load and stress planes, causing the tissue
to remodel along new planes of loading. Since osteophyte
or bone spur formation will occur in response to excessive
eccentric loads, new bone will form in areas of greater stress
and will be resorbed in areas of less stress.

The loss in the axial load bearing capabilities of the
degenerative segment leads to a disruption in the load trans-
fer along the neutral axis of the spinal column, also known
as a change in the overall load balance, thereby transferring
greater loads to the uncovertebral and facet joints, further
accelerating the formation of spurs and osteophytes into the
surrounding foramen, with greater angulation of the cervical
spinal column ventrally. The ventral angulation along the
cervical spine is a continuous cascade of mechanical events.
As the lordotic angle is reduced, the moment arm about the
center of rotation or instantaneous axis of rotation (IAR) is
increased, therefore, changing the overall sagittal angulation
and reducing the spinal canal diameter [1, 3, 4, 9].

3. Histologic and Immunohistochemical
Findings with the Spondylotic Disc

Elegant studies have been performed to characterize the
histological and immunohistochemical differences between
cervical disc herniation and spondylosis. Disc herniation can
be an early contributor to spondylosis, as herniation creates
a loss in the mechanical integrity of the intervertebral disc
due to the extrusion or bulging of the nucleus pulposus
through compromised annular fibers. The herniation often
occurs dorsally, as the dorsal annular fibers are thinner and
provide a less resistant pathway for the compromised nucleus
pulposus matter. The intervertebral discs with surrounding
tissues, subchondral vertebral bone, cartilaginous endplate,
and posterior longitudinal ligaments were collected en bloc
during decompression surgeries in 198 patients presenting
with cervical intervertebral disc herniation resulting in 248
discs for evaluation. An additional 252 discs were harvested
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Figure 2: Pathophysiological and biomechanical pathway of cervical spondylosis.

in a similar manner from 166 patients presenting with cervi-
cal spondylosis to provide a histological and immunohisto-
chemical assessment between cervical spondylosis and disc
herniation [10]. The disc-herniated patients were young-
er (49.9 years, range 25–78 years) than the cervical spondylo-
sis (mean age of 59.6 years, ranging from 32 to 83 years), with
all patients presenting with signs and symptoms of radicu-
lopathy, myelopathy, or myeloradiculopathy with an average
duration of symptoms prior to surgery of 3.2 months. The
control discs (free from cervical radiculopathy and myelopa-
thy) were harvested during autopsies taken from eight
donors with a mean age of 73 years. Chondrocyte prolifera-
tion, a change in the granular matrix, fibrocartilage degen-
eration of the annulus fibrosus and nucleus pulposus, cell
proliferation, cartilage disorganization, cracks, microfrac-
tures, sclerotic endplates, and vascularization of the disc were
parameters used to grade the level of disc degeneration. The
herniated cervical discs demonstrated granulation tissue
with new vascularization and an infiltration of CD68-
positive macrophages surrounding the herniated tissue with
greater advanced degeneration in the outer layer of the
annulus [10]. The spondylotic discs demonstrated thicker
bony endplates and tumor necrosis factor and matrix met-
alloproteinase with greater advanced degeneration in the
cartilaginous endplates and inner layer of the annulus. In es-
sence, there were distinct differences and markers for distin-
guishing herniated discs from spondylotic discs.

4. Biomechanics of the Spondylotic Spine

Kyphotic deformity with neural and vascular compression
often accompanies cervical spondylotic myelopathy. Initially
the loss of disc height as a consequence of disc desiccation
and altered load transmission along the cervical spine can
lead to postural changes (Figure 3(b)). As spinal cycling
continues during activities of daily living, the disc will
continue to lose height ventrally. This altered posture will
result in an increased moment arm about the point of central
rotation or the IAR. In the healthy spine, axial loads are
applied along the IAR and the loads are supported along the
ventral column of the spine. However, with altered posture,
the axial load profile along the cervical spine changes as
the ventral column (vertebral bodies, disc, and ligamentous
tissue) can no longer maintain these loads, and there is a

transfer of the loads and stresses to the surrounding bony
elements. Loss of the lordotic posture induces a greater mo-
ment arm at the point of rotation (point d in Figures 3(b)
and 3(c)) when an axial load is applied. Without restora-
tion of the native lordotic posture which will restore the
“load balance” along the cervical spine, further axial load-
ing will induce further progression of the kyphotic posture
(Figure 3(c)).

Halting the progression of kyphosis related to cervical
spondylosis is the main objective for surgical intervention
and can be treated through ventral surgical fixation or
through a combined ventral and dorsal approach of stabi-
lizing fixation. Ventral approaches for surgical correction of
this disorder provide the necessary ventral column support
to resist further compression and angulation of the cervical
spine and can provide improved decompression of the neural
and vascular structures.

Numerous in vitro and in vivo studies have confirmed
that approximately 80% of the axial load is transmitted
along the ventral column of the human spine with improved
resistance to higher axial loads and better biomechanical
stability when ventral column stabilization is employed [1,
3, 4, 11]. A biomechanically challenging kyphotic posture
may require 360◦ of correction which provides both ven-
tral and dorsal column support to the degenerative sites.
However, the disadvantages with ventral fixation occur
when suboptimal bone quality is present, as is often the
case with these patients. For both the ventral and dorsal
surgical approaches used for kyphotic deformity correc-
tion, poor bone quality contributes to suboptimal screw
purchase into the surrounding bone, compromising the
long-term stability. Furthermore, a long strut graft across
a corpectomy for ventral fixation provides a long lever
arm with one strut of bone that does not conform to
the native lordotic posture of the patient’s cervical spine
and has an increased risk to subsidence and dislodgment
out of the site, resulting in a loss of the lordotic correc-
tion. Therefore, multisegmental ventral fixation, such as
consecutive intervertebral fusion grafts supplemented with
ventral plate fixation, provides multiple points of fixation
for better load distribution across each fixation point along
the cervical spine. Multiple interbody fusions with multiple
screw fixation of the plate will provide better restoration
and long-term stability of the lordotic posture, while also
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Figure 3: Cervical spine postural changes related to the degenerative process will lead to the spondylotic spine. In the normal lordotic posture
of the cervical spine, the axial force is applied along the instantaneous axis of rotation (IAR) with no deviation from this neutral point of
rotation (a). However, with early disc height loss, the lordotic posture is reduced and the axial force is now offset from the instantaneous axis
of rotation (d) causing a moment arm at this point of rotation. If an axial force is placed at a particular distance from the center of rotation
or the IAR, a bending moment is applied about this point (b), and it will take less force to induce injury to the apical spinal segment. The
larger a moment arm, the greater the bending moment, which will cause further progression of the kyphosis (c). (Taken from Benzel EC:
Biomechanics of Spine Stabilization. Rolling Meadows, American Association of Neurological Surgeons Publications, 2001 [6].)

providing neural decompression (Figure 4). Mechanically,
this configuration provides a three-point bend application
of opposing forces to the compromised spinal segment(s) to
provide improved maintenance of the lordotic posture and
greater resistance to translational loads (arrows in Figure 4).
Posterior fixation can also accompany segmental ventral
fusions, provided the posterior fixation does not offload the
interbody fusion grafts. Posterior fixation combined with
ventral support can provide similar translational resistance
and three-point bend stability for kyphotic correction.

5. Summary

Fusion of the degenerative unstable spine is often a final alter-
native to alleviate a painful spinal segment. Ventral interbody
fusion is incorporated in a fusion construct to maximize the
axial load bearing capacity of the spine while limiting the
pathologic motion across a spinal segment. In situations such
as kyphotic deformity correction, multisegmental ventral
interbody fusions can provide the necessary ventral column
support incorporating multiple points of fixation to resist
the demanding translational, rotational, and bending loads
placed upon on the degenerative kyphotic cervical spine
and will provide ample strength to maintain the restored
lordotic posture. Ventral support using multiple interbody
fusion grafts supplemented with dorsal fixation across each
level will also provide similar mechanical attributes as that
of ventral support, where both approaches towards kyphotic
deformity will allow for better force distribution across many
points of fixation, thus minimizing the risk of stress risers
that can cause graft subsidence, expulsion, screw loosening,
or loss of fixation. Biomechanically, these strategies will
improve the restoration of the lordotic posture for long-term
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(a)
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Figure 4: Ventral corpectomy approach with one large strut grafts
and two points of screw fixation for kyphotic deformity correction.
A large strut graft without multiple points of fixation may not
maintain the lordotic posture and can subside into the vertebral
endplates, resulting in loss of fixation and loss of the lordotic
restoration. However, multiple interbody fusions with supplemen-
tal plate fixation and multiple points of screw fixation distribute
the loads over greater points of fixation, thereby reducing the
risk to localized stress risers, providing improved resistance to
translation, loss of lordosis, and subsidence. (Taken from Benzel EC:
Biomechanics of Spine Stabilization. Rolling Meadows, American
Association of Neurological Surgeons Publications, 2001 [6].)
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fixation and stability. By restoring the lordotic posture of
the cervical spine, the load balance is restored, where 80%
of the axial loads transmitted along the ventral column is
aligned at the IAR of the spinal column, effectively, halting
the progression of the kyphotic curvature. Segmental fixation
results in reduced localized forces and stresses at each spinal
level and across the instrumentation, with reduced stresses
on each screw and across each graft site for improved long-
term fixation.
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Cervical spondylotic myelopathy is a progressive disease and a common cause of acquired disability in the elderly. A variety of sur-
gical interventions are available to halt or improve progression of the disease. Surgical options include anterior or posterior ap-
proaches with and without fusion. These include anterior cervical discectomy and fusion, anterior cervical corpectomy and fusion,
cervical disc replacement, laminoplasty, laminectomy with and without fusion, and combined approaches. Recent investigation
into the ideal approach has not found a clearly superior choice, but individual patient characteristics can guide treatment.

1. Introduction

Cervical degenerative disease, or cervical spondylosis, is an
age-related change affecting the cervical spinal column. Ra-
diographic evidence of cervical spondylosis can be found in
85% of individuals over sixty years of age [1]. Certain occu-
pations and activities that place increased loads on the head
may have a predisposition for cervical degenerative disease.
Cervical myelopathy is a clinical syndrome that may result
from cervical spondylosis. When cervical myelopathy is a
result of spondylosis, it is referred to as cervical spondylotic
myelopathy (CSM).

Cervical spondylotic myelopathy manifests as long-tract
clinical findings in the upper and lower extremities caused by
spinal cord compression [2]. Patients present with a variety
of findings, including clumsiness, loss of manual dexterity,
difficulty with gait or balance, urinary complaints, motor
weakness, sensory changes, and abnormal or pathologic re-
flexes. Appropriate initial imaging of CSM consists of plain
static radiographs and flexion extension views to evaluate for
instability. The advancing imaging of choice is magnetic res-
onance imaging (MRI) of the cervical spine to evaluate the
soft tissues about the spine and the spinal cord. Clinical

correlation is important when evaluating MRI changes as
MRI can be overly sensitive and reveal abnormalities in as-
ymptomatic adults [3]. Electrodiagnostic studies may be
helpful to exclude other causes of upper extremity symp-
toms, such as suspected peripheral nerve entrapment syn-
dromes.

The natural history of CSM is a progression of symptoms
in a stepwise fashion over time [4]. Patients with mild mye-
lopathy (that does not interfere with function) may be of-
fered a trial of nonoperative management, whereas progres-
sive, long-standing, or severe myelopathy is candidates for
surgical decompression of the spinal cord in the affected
areas [5, 6]. Operative intervention may be via anterior, pos-
terior, or combined approaches and with or without fusion.
Anterior options include single or multilevel anterior cervical
discectomy and fusion (ACDF), anterior cervical corpectomy
and fusion (ACCF), and cervical disc replacement (CDR).
Posterior options include laminectomy without fusion, lami-
nectomy and instrumented fusion, and laminoplasty. Factors
to consider when selecting the operative approach include
location of cord compression, number of levels involved, sag-
ittal alignment, instability, associated axial neck pain, and
risk factors for pseudoarthrosis.
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Figure 1: (a) Sagittal MRI demonstrating C5-6 extruded disc herniation. (b) Lateral radiograph of same patient after undergoing anterior
cervical discectomy and fusion.

2. Anterior Surgical Options

The anterior surgical options can be used for both single level
and multilevel disease. The anterior approach is generally
favored with soft disc herniations, concomitant severe axial
neck pain, kyphosis, and with 1-2 levels of involvement
(Figure 1).

ACDF utilizes a Smith-Robinson approach to access the
anterior surface of the cervical spine. After incision of the
platysma, this approach involves little muscle disruption but
opening of the pretracheal and prevertebral fascial planes to
mobilize the midline structures of the neck. The decompres-
sion involves a thorough discectomy with removal of carti-
laginous end plates and posterior osteophytes. A left-sided
approach is preferred by some due to a more favorable course
of the recurrent laryngeal nerve. Adequate decompression of
the spinal cord may require removal of posterior osteophytes,
partial corpectomy, or removal of the posterior longitudinal
ligament (PLL); however all of these procedures increase the
risk of injury to the spinal cord. ACCF is an alternative to
multilevel ACDF and utilizes a similar approach, with either
a transverse or longitudinal incision depending on number
of levels. In this technique a central trough of vertebral body
is progressively removed with a combination of a high-speed
burr and rongeurs (Figure 2).

The trough is centered between the uncovertebral joints,
which helps orient the trough over the spinal cord and ensure
complete decompression. Care must be taken to avoid eccen-
tric bone removal laterally, endangering the vertebral arter-
ies. A thin shell of the remaining posterior wall and posterior
longitudinal ligament can then be removed with microcur-
rettes and Kerrisons. Fusion with ACDF and ACCF may be
achieved with various graft options, including autologous
tricortical iliac crest graft, allograft, polyetheretheketone
(PEEK), or metal cages or a combination of morsellized bone

Figure 2: Axial CT scan demonstrating fibula strut graft placed in
central corpectomy trough.

from the corpectomy plus a structural allograft or cage. Plat-
ing is now common, especially with multilevel ACDF and
ACCF [7, 8]. Complications with the anterior approach in-
clude vertebral artery injury (0.3%), esophageal injury (0.2–
0.4%), wound infection (0.2–1.4%), and dysphagia (28–
57%) [9]. The cause of dysphagia appears to be multifac-
torial, including traction on the superior laryngeal nerve,
pharyngeal plexus, recurrent laryngeal nerve, and esophageal
retraction. Risk factors for dysphagia include age >60, mul-
tiple levels, revisions, females, thick plates, and longer preop
pain [10].

Advantages of ACDF or ACCF include ability to directly
decompress offending structures, decompress the anterior
spinal artery, restore cervical lordosis, and address axial neck
pain. Multilevel ACDF is preferred in certain situations over
ACCF where the compression is confined to the level of the
disc spaces. Also, it is associated with a less blood loss and has
a lower risk of graft kick out and catastrophic failure [11].
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Figure 3: (a) Sagittal reconstructed CT scan of patient who underwent 3-level corpectomy. (b) Lateral radiograph of same patient. Posterior
fusion was performed to increase stability of the construct.

However multilevel ACDF is associated with an increased
risk of pseudarthrosis, as high as 54% in three-level fusions
[12]. Some surgeons use off-label recombinant human bone
morphogenetic protein-2 (rhBMP-2) in these situations, but
this should be undertaken with caution as there have been
reports of airway compromise due to swelling [13]. ACCF is
preferred when compression extends behind the vertebral
bodies to ensure that all areas of compression are addressed.
When multilevel corpectomies are performed, there is poten-
tial for significant plate failure and graft extrusion, so supple-
mental posterior instrumentation should be considered [14]
(Figure 3).

Some have suggested that a potential benefit of ACCF is
that fewer graft surfaces are required to fuse than multilevel
ACDF (i.e., for a decompression at C4-5/C5-6, ACDF would
require 4 surfaces to fuse versus 2 surfaces if treated with
ACCF). Multiple studies have compared the fusion rates of
ACCF and ACDF in an attempt to verify this benefit. Nirala
et al. investigated 201 patients with multilevel noninstru-
mented anterior fusion and found that with more levels
ACCF had a higher fusion rate than ACDF [15]. Another
study investigated 52 patients with multilevel anterior fusion
with autograft and plate fixation and found similar clinical
and fusion rates between ACCF and ACDF [16]. With mod-
ern plating techniques, it appears that fusion rates are similar
between the two techniques [17]. A hybrid technique, com-
bining selected corpectomies and discectomies, can be uti-
lized where there is both retrodiscal and retrovertebral com-
pression. Such a construct can increase stability and obviate
the need for posterior supplementation. Shen et al. investi-
gated the pseudarthrosis rate of multilevel anterior cervical
fusion with rhBMP-2 and allograft using a hybrid technique
in 127 patients [18]. Overall pseudarthrosis rate was 10%,

with 4% for three levels, 17% for four levels, and 22% for
five levels. Nonunions typically occurred at the lowest level.

CDR is another anterior option in cases where cord com-
pression is confined to the retrodiscal region. As a nonfusion
option, this may provide the theoretical benefit of decreasing
adjacent segment degeneration. Buchowski et al. compared
ACDF with CDR for myelopathy at a single level disc space
[19]. These authors found similar improvement in neuro-
logic status between the two groups at two years. Recently
two-level CDR has come under investigation [20].

3. Posterior Surgical Options

The posterior surgical options are generally utilized for mul-
tilevel compression, such as in cases of congenital stenosis,
older patients with advanced multilevel spondylosis, and cer-
tain cases of ossification of the posterior longitudinal liga-
ment (OPLL) [21, 22]. The posterior approach relies on de-
compression through both direct removal of offending pos-
terior structures and indirectly, through spinal cord transla-
tion posteriorly [23]. Therefore when spinal cord compres-
sion is from anterior structures, patients should have mainte-
nance of lordosis or correctable kyphosis to permit adequate
indirect decompression [24]. Posterior approaches utilize a
midline approach through the posterior cervical skin and
musculature followed by subperiosteal dissection of the se-
lected levels. Extent of dissection laterally over the facets is
dependent on whether a concomitant fusion is to be per-
formed.

Laminoplasty increases the effective diameter of the spi-
nal canal while preserving the posterior elements of the cer-
vical spine as a biologic covering over the spinal canal. Lam-
inoplasty requires at least 10 degrees of lordosis to allow
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Figure 4: (a) Sagittal MRI of a patient with multilevel stenosis and preserved lordosis. (b) Lateral radiograph of same patient after canal-
expanding laminoplasty.

posterior shift of the spinal cord for indirect decompression
[25]. In the open-door technique, two troughs are created at
the junction of the lateral masses and lamina with the use of a
high-speed burr. One side is completed with microcurrettes
or Kerrison rongeurs, the other side left with a thin shell
of bone that is then “greensticked” creating a hinge. Once
opened, the door can be kept patent with a variety of tech-
niques including suture or wiring of the spinous process to
the facet joint, by insertion of a spacer within the opening, or
with miniplate and screw fixation (Figure 4).

The main advantage of laminoplasty is the avoidance of
fusion. Despite this, patients do experience decreased range
of motion postoperatively of up to 50% [26]. Since fusion is
not performed, the patient requires preexisting cervical sta-
bility, and upright and/or flexion-extension radiographs
should be considered to confirm this preoperatively. Lamino-
plasty has been compared to corpectomy and laminectomy
with fusion and has been shown to have similar clinical out-
comes to both [27, 28]. Complications include C5 nerve root
palsy, kyphosis, wound complications, and persistent or new
axial neck pain [26, 29].

Laminectomy involves removal of the lamina and liga-
mentum flavum over the desired levels and can be performed
with or without fusion and instrumentation. Laminectomy
without fusion is generally restricted to patients with pre-
served lordosis who are poor candidates for fusion, since sig-
nificant rates of progressive postoperative kyphosis have been
reported [30, 31]. Instrumented fusion should be utilized for
most cases, especially in circumstances of correctable kypho-
sis and instability. A multitude of instrumentation and screw
techniques as well as graft choices exist and can be utilized
at the discretion of the individual surgeon. Complications
of multilevel laminectomy and fusion include C5 nerve root
palsy, wound complications, and hardware failure [2]. In

cases of long multilevel laminectomy and fusion, caudal fixa-
tion in the C7 lateral masses is suboptimal due to their small
size. Pedicle screws at either C7 or the top 2 thoracic verte-
brae decrease the chance of distal fixation failure in these long
constructs (Figure 5).

With the aforementioned considerations in mind, the
primary indication for a combined anterior and posterior
approach is multilevel compression in the setting of fixed
kyphosis, especially if 2 or more corpectomies must be per-
formed. It can also be considered in patients with localized
disease and poor bone quality or high risk for pseudarthrosis.
Konya et al. reported on 40 patients treated with combined
anterior and posterior approaches for CSM [32]. All patients
had three- to four-level disease. At one-year follow-up neu-
rologic function was improved in all patients with a 97.5%
fusion rate with no reported instrumentation complications.
The exact number of levels to consider combined approach
is still debated.

4. Comparative Efficacy

Recently a systematic review sponsored by the American
Association of Neurological Surgeons (AANS)/the Congress
of Neurological Surgeons (CNS) was performed to develop
evidence-based guidelines for choosing among the available
surgical options for treatment of CSM [17]. The National
Library of Medicine and Cochrane Databases were queried
using MeSH headings and keyword regarding anterior and
posterior surgery and CSM. An evidentiary table was assem-
bled to summarize the quality of evidence from I to III
(lowest). Recommendations were formulated containing de-
gree of strength based on Scottish Intercollegiate Guidelines.
Most of the manuscripts were found to be Class III. The
results of the paper were that ACDF, ACCF, laminoplasty,
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Figure 5: (a) Sagittal MRI of a patient with severe multilevel spondylosis and stenosis. (b-c) Anteroposterior (b) and lateral (c) radiographs
of same patient after multilevel laminectomy and fusion. Note that distal fixation was achieved with pedicle screws which have increased
pullout resistance compared with lateral mass fixation.

laminectomy, and laminectomy with fusion all yielded sim-
ilar near term functional improvements for CSM. Laminec-
tomy without fusion, however, is associated with late dete-
rioration. Another recent systematic review of retrospective
cohort studies showed that ACCF, ACDF, laminoplasty, and
laminectomy and fusion yielded similar neurologic recovery
[33]. The major differences between the groups were the as-
sociated complications. Therefore it appears that, given the
available literature, the choice of surgical approach will be
more dependent on the individual patient factors described
previously than the superiority of any one surgical option.
This clinical equipoise has been the motivating factor for in-
terest in pursuing a prospective randomized clinical trial and
for the distinction of CSM as one of the national health
research priorities for comparative effectiveness research by
the Institute of Medicine (Medicine Io; Initial National Pri-
orities for Comparative Effectiveness Research; http://www.
iom.edu/. Accessed May 31, 2011).

5. Conclusions

Cervical spondylotic myelopathy is a progressive disease that
often requires surgical intervention. A variety of surgical op-
tions exist, including anterior and posterior approaches with
and without fusion. Evidence-based review has not clearly
shown one technique to be clinically superior to another.
Therefore decision-making will depend on individual patient
factors and associated approach-related complications. Fac-
tors to consider include location of cord compression, num-
ber of levels involved, sagittal alignment, instability, associ-
ated axial neck pain, and risk factors for pseudoarthrosis.
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Cervical spondylotic myelopathy (CSM) refers to impaired function of the spinal cord caused by degenerative changes of the
cervical spine resulting in spinal cord compression. It is the most common disorder in the United States causing dysfunction of the
spinal cord. A literature review of the natural history of mild cervical myelopathy is undertaken. Clinical presentation and current
concepts of pathophysiology are also discussed. While many patients with mild signs of CSM will stabilize or improve over time
with conservative treatment, the clinical course of a specific individual patient cannot be predicted. Asymptomatic patients with
cervical stenosis and abnormalities on electrophysiologic studies may be at higher risk for developing myelopathy.

1. Natural History of Mild Cervical
Spondylotic Myelopathy

Cervical spondylosis refers to osteoarthritic degeneration of
the cervical spine. Brain et al. suggested symptomatology,
whether radiculopathy or myelopathy, resulted from disc
protrusion and associated soft tissue abnormalities [1, 2]. Al-
though degeneration can occur secondary to various causes,
years of motion and activity, commonly referred to as “wear
and tear,” is the most common etiology. Several studies have
shown in animal models and in humans that excessive mo-
tion and repetitive micro-trauma accelerates degenerative
changes [3–9]. The accumulation of degenerative changes
affects both canal diameter and sagittal mobility of the cer-
vical spine [10]. Additionally, a congenitally narrow spinal
canal may predispose one to formation of CSM [11–14]. In
current understanding, cervical spondylosis encompasses de-
generative changes affecting the uncovertebral joints, facet
joints, intervertebral discs, and the other soft tissue and bony
components of the cervical spine. While it may affect only a
single level, spondylosis has been shown to commonly begin
at lower levels with subsequent progressive involvement of
multiple spinal levels [15].

While the recommendation for surgical treatment of pa-
tients with severe, progressive myelopathy seems straightfor-
ward, it is less clear how to properly manage patients with

cervical spondylosis and very subtle signs of myelopathy.
Several authors have described the clinical course of patients
with symptomatic cervical spondylosis. Initial authors sup-
ported clinical stability in this patient population. Clarke and
Robinson retrospectively described 120 patients with CSM,
26 of whom were treated conservatively [16]. Nearly 80%
of these patients presented with weakness or sensory loss in
one or more limbs, while 18% presented with pain. Clarke
and Robinson showed that approximately 75% of patients
showed episodic progression of symptoms with interven-
ing stability, though approximately two-thirds of patients
showed subtle clinical decline during periods of stability.
In 20% of patients, slow and steady deterioration occurred.
In 5%, onset of symptoms and signs was followed by a
long period of stability without any additional deterioration.
Overall, approximately half of the conservatively managed
patients improved at some point in the clinical course [16].
Lees and Turner described 44 patients with CSM and 51
patients with spondylosis without myelopathy [17]. Of the 44
patients with CSM, 28 patients were managed conservatively
with a cervical collar, with 17 showing improvement over
time [17]. In contrast to the authors listed above, several
other groups have suggested that CSM has a largely progres-
sive course over time [18, 19]. Matsumoto et al. described
a case series in which one-third of patients with mild CSM
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had progression of symptoms while undergoing conservative
management [20]. Sadasivan et al. reported 22 patients with
CSM of several years duration, all of whom suffered clinical
progression of disease over time [21]. It is important to note
that the studies described above tended towards patients with
mild and moderate disease processes, although some severely
affected individuals were also included.

With the creation and subsequent modification of the
Japanese Orthopedic Association score for myelopathy [22–
24], a statistically valid and reproducible method of assess-
ing CSM allowed further characterization of this patient
population. Kada ňka et al. suggested that 80% of patients
with mild myelopathy will improve with or without surgery
[25, 26]. Shimomura et al. produced similar results, with
80% of patients showing clinically stable myelopathy over a
3-year period [27]. Other authors have found similar results
with conservative management [28, 29]. However, subjective
self-assessment and general health may decline over time,
affecting the recommendation of conservative versus surgical
intervention [30].

Because of the varied nature of progression in mild
myelopathy, several authors have investigated other methods
for identifying patients with either cervical spondylosis or
mild cervical spondylotic myelopathy with higher risk of
progression to moderate or severe myelopathy. Asympto-
matic spondylotic patients with abnormal somatosensory
evoked potentials and radiculopathy have shown increased
propensity to progress towards clinical myelopathy [31–34].
Interestingly, in their study regarding electrophysiologic
findings affecting progression from asymptomatic stenosis to
CSM, the degree of compression as measured by the anterior-
posterior diameter divided by transverse diameter did not
affect development of CSM [32].

Review of the literature shows that the clinical course of
cervical myelopathy is variable and that conservative man-
agement may result in stability or improvement of symptoms
in the majority of patients with mild symptoms [25–29]. Pre-
dicting the clinical course of a single patient remains difficult,
though some evidence suggests that younger patients and
those with mild symptoms are more likely to improve [35].

2. Pathology of CSM

Several authors have described pathologic findings associated
with CSM in cadaveric studies of patients with CSM [36–
38]. Pathologic findings include atrophy, neuronal loss in
gray matter, and demyelination in the surrounding white
matter. Interestingly, these findings are similar to those found
in patients with transient hypoperfusion. The magnitude of
pathologic findings correlates with the length of myelopathy
and directly relates to the degree of canal stenosis [36–38].
Several authors have found that imaging findings including
diffusion tensor imaging and apparent diffusion coefficient
maps also show white-matter tract changes at the corre-
sponding levels of compression [39–41].

3. Clinical Presentations

CSM may present with divergent clinical findings depending
on the levels affected, involvement of the neural foramina,

and long tract involvement. A variety of neurological signs
and symptoms may be present, including sensory changes,
reflex abnormalities, decreased dexterity, weakness, gait
instability, bowel and bladder dysfunction, spasticity, pres-
ence of Hoffman’s and/or Babinski’s sign, axial neck pain,
radiculopathy, and even acute spinal cord injury [42–44].
The variation in symptoms caused by involvement of the
various cervical levels results in a large possibility of clinical
presentations affecting almost any muscle of the body.

Some authors have attempted to distinguish the various
presentations into a categorization schema. Crandall and
Batzdorf suggested clinical grounds for classifying patients
into transverse lesion syndrome, motor system syndrome,
central cord syndrome, Brown-Sequard syndrome, and
brachialgia and cord syndrome [45]. Other authors have
separated the varying presentations: anatomic involvement,
with a lateral or radicular syndrome, medial or myelopathy
syndrome, a combined medial and lateral syndrome, a vas-
cular syndrome, and an anterior syndrome [46, 47]. Most
frequently, clinicians rely on clinical signs and symptoms of
myelopathy rather than the syndrome names above to de-
scribe a patient’s condition. Severity of symptoms, functional
impairment, and progression of symptoms rather than clin-
ical syndrome classification drive decision-making for thera-
peutic interventions.

As radiographic studies have improved and expanded in
use, more patients will likely come for evaluation with ra-
diographic diagnosis of cervical stenosis. Secondary to the
explosion of imaging technology and utilization, the patient
population seen in spine clinics today may represent a slight-
ly different population than in the past. Given the variability
of symptom progression, clinical experience and care should
guide management of these patients towards conservative
management.

4. Conclusion

Cervical spondylotic myelopathy occurs in age-dependent
fashion as degenerative changes occur in the cervical spinal
cord. Presenting signs and symptoms are highly variable and
may stabilize or improve over time with conservative man-
agement. Abnormal electrophysiology and presence of radic-
ulopathy may portend an increased chance of progression
from asymptomatic cervical spondylosis to myelopathy.

Abbreviations

CSM: Cervical Spondylotic Myelopathy.
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The surgical treatment of cervical spondylosis and resulting cervical radiculopathy or myelopathy has evolved over the past
century. Surgical options for dorsal decompression of the cervical spine includes the traditional laminectomy and laminoplasty,
first described in Asia in the 1970’s. More recently the dorsal approch has been explored in terms of minimally invasive options
including foraminotomies for nerve root descompression. Ventral decompression and fusion techniques are also described in the
article, including traditional anterior cervical discectomy and fusion, strut grafting and cervical disc arthroplasty. Overall, the
outcome from surgery is determined by choosing the correct surgery for the correct patient and pathology and this is what we
hope to explain in this brief review.

1. Introduction

Cervical spondylosis is a common pathology, and the sur-
gical treatment of the resulting radiculopathy, myelopathy,
or myeloradiculopathy has evolved over the past century.
The basic aim of all techniques is to decompress the af-
fected neural structure. Advances in fixation techniques
[1–3] and motion-preserving options [4–7] are more recent
elements of this evolution. Once the decision is made to
manage the patient operatively the principal decision is
whether to choose the ventral or the dorsal approach. In
cervical spondylosis several variables including the location
of pathology (ventral, dorsal, circumferential); extent of
pathology (limited to interspace, extensive behind vertebral
body); the number of levels affected; the presence of
instability or the presence of kyphotic deformity require
consideration.

In general, any procedure chosen should decompress
the affected spinal cord or nerve roots, maintain or restore
stability, and correct or prevent kyphotic deformity.

2. Dorsal Decompression

A range of posterior surgical procedures exist, including
laminectomy, laminoplasty, and laminectomy with posterior

fusion. Until the 1960’s the traditional way to decompress
the cervical spine in spondylotic patients was via a dorsal
approach and a decompressive laminectomy. This surgery
effectively enlarges the spinal canal area, allowing the spinal
canal to drift away from ventral compression, however, while
doing this it also destabilizes the dorsal structures and can
lead to progressive kyphotic deformity.

3. Laminectomy

A high speed drill is used to create a gutter, through the outer
cortical bone and cancellous bone to the thin inner cortical
bone at the junction of the lamina and the medial aspect of
the lateral mass. Using a 1 mm Kerrison rongeur the lamina
and ligamentum flavum is then transacted laterally. Two
Kocher clamps are then used to remove the dorsal elements
en bloc. In patients with loss of lordosis or abnormal segment
motion, at this stage once decompression is completed, then
instrumentation can be performed. Many wiring techniques
are not suitable as the posterior elements have been removed.
Options for fixation include interfacet wiring, which is
unpopular due to postoperative pain caused by violating an
intact facet joint. Lateral mass fixation techniques are the
most popular and include fixation of a plate or rod to the
lateral masses using screws [8–11].
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4. Laminoplasty

Cervical laminoplasty, posterior decompression of the cord
with reconstruction of the laminae, was a technique devel-
oped in Asia from the 1970’s onwards, Hattori first described
the Z-shaped laminoplasty [12–14]. The rationale was to
leave the dorsal stabilizing structures in situ, allowing
for fusion after decompression and therefore prevent the
subsequent development of kyphotic deformity [15–18]. It is
today used for multiple level spondylosis without kyphosis.
In the Hirabayashi method osteotomies of cervical lamina to
be included are performed on one side to create an “open”
and a “hinged” side. The open side is chosen according to the
most symptomatic side and whether or not foraminotomies
will also be performed. High speed drill creates troughs at the
level of the lamina-facet junction. The procedure ranges from
the laminar level one above to the level below the stenotic
site. Both the outer and inner cortical margins are drilled
through on the “open” side, while the inner cortical margin
is kept intact on the “hinge” side. After the excision on the
open side is completed the spinous processes and laminae
are pushed laterally as if opening a door, any adhesions to the
dura are divided. The ligamentum flavum and deep muscles
around the facets of the hinged side are then supported
by sutures to prevent closing of the laminae. Alternatively
allograft tricortical iliac crest or manufactured bone spacers
can be placed in the open-door portion of the lamino-
plasty and stabilized using 2.0 mm titanium miniplates.
Nakano et al. [18] reviewed patients who had undergone
laminoplasty for OPLL with more than 10 years of followup.
Long-term outcomes were good, with 64% mean neuro-
logical recovery in the first 10 years and 60% at the final
followup.

5. Ventral versus Dorsal Decompression

Ventral decompression is most appropriate in patients who
have ventral compression limited to one or two verte-
bral body levels, but in the setting of multilevel disease
decompression from the front is complicated by lower
fusion rate, adjacent level disease, and hardware failure [19].
The degenerative process includes hypertrophic changes
circumferentially, and enlarged facet joints and thickened
ligaments can contribute significantly to the narrowing of the
spinal canal diameter throughout the entire cervical spine.
Ventral approaches are often inadequate, especially when
long-segment decompression is required. Dorsal approaches,
including laminectomy with or without fusion and lamino-
plasty, provide surgical expansion to the spinal canal.

Sagittal balance is an important factor in determining
whether a dorsal approach is suitable treatment; if the c-
spine is kyphotic the cord will remain draped over the ventral
compressive elements after dorsal decompression and the
surgery will be unsuccessful.

Advantages of dorsal surgery include less surgical effort
and time to decompress multiple levels and less frequent
need for instrumentation and fusion, thereby helping
decrease the chance of adjacent level disease, and it also af-
fords direct visualisation of nerve roots when decompressing,

and there is little risk to anterior neck structures such as the
recurrent laryngeal nerve and the oesophagus.

6. Anterior Cervical Discectomy and Fusion

The ventrolateral approach for decompression of the cervical
spine and nerve roots has become a well-practised technique
among spinal surgeons. It was first described by Cloward [20]
and Smith and Robinson [21] over forty years ago and has
evolved to one of the most popular spinal surgery operations.
The approach allows for safe and direct decompression of the
spinal cord at the site of compression. The technique is used
to treat radiculopathy due to disc herniation and osteophyte
formation as well as cervical myelopathy or myeloradicu-
lopathy. The most common levels affected are C5 to C6, then
C6 to C7, then C4 to C5 in order of frequency.

The operation is performed in a supine position, with the
neck in a moderately hyperextended position. The approach
is routinely from the right; the incision can be centered
on anatomical landmarks, including the hyoid at C3, the
thyroid cartilage at C4, and the cricoid at C6, alternatively
fluoroscopy can be obtained using a metal object taped to
skin. A transverse incision is preferred, in a skin crease for
good cosmesis, the incision is 5-6 cm extending to the medial
border of the sternocleidomastoid. Dissection is performed
down to platysma, this is then sharply incised transversely
across the length of the skin incision and elevated. The
cervical fascia is then opened vertically just anterior to
the sternocleidomastoid, blunt dissection is then used to
separate the soft-tissue plane between the lateral aspect of the
laryngeal strap muscles and the medial aspect of the SCM.
An avascular plane is developed down to the vertebral bodies
by retracting the trachea and oesophagus medially and the
carotid sheath laterally, 7the carotid artery is palpated for
behind the sternocleidomastoid. Close attention should be
paid to avoid dividing any structure crossing from the carotid
sheath medially. The prevertebral fascia is then opened in
the midline. A spinal needle is placed in the disc space
and the level is checked with a lateral radiograph. Once
the correct level is confirmed the longus colli muscles are
cauterised, using bi-polar diathermy and reflected laterally;
dissection continues out to the uncinate processes and self-
retaining retractors are then placed beneath the medial
edges of the reflected longus colli muscles. These retractors
should not be displaced for the remainder of the surgery.
Vertebral body posts are then placed in the vertebral bodies
above and below the disc to be removed and the bodies
are distracted gently. The anterior longitudinal ligament is
removed. The annulus fibrosus is incised and superficial
disc and cartilaginous end plates can then be removed,
using rongeurs, drill, and curettes. Posts inserted into the
vertebral body at this stage can be spread again, thus
increasing the disc height. The remainder of the disc is then
removed, as well as the posterior annulus and osteophytic
ridges. The removal of the posterior longitudinal ligament
is also routinely performed. Each neural foramen is cleared
and palpated afterwards to ensure adequate nerve root de-
compression. The interbody graft is then placed after the
adjacent end plates have been drilled to promote fusion.



Advances in Orthopedics 3

The graft is then tapped into position and the distraction is
released.

7. Fusion Techniques

There are three different types of anterior cervical fusions,
described by Cloward [20] Smith and Robinson [21], and
Simmons et al. [22] which employ bone-grafting techniques.
Iliac corticocancellous graft is used in the Cloward technique;
these grafts are typically 12–16 mm in diameter and 10 to
14 mm in height, and the bone is seated into the softer
cancellous portion of the midvertebral body. A horseshoe-
shaped graft is used in the Smith Robinson technique, and
less bony resection is performed in this operation, as opposed
to Cloward, where the lateral exposure is greater, the graft is
seated on the stronger subchondral bone end plate.

8. Artificial Cervical Disc Arthroplasty

Alternatives to anterior cervical discectomy and fusion have
been developed that attempt to address some of the kine-
matic and biomechanical issues associated with fusing two
spinal levels. It has been shown that twenty-five percent
of patients undergoing cervical fusion will have new onset
symptoms within ten years of that fusion due to degenerative
changes at adjacent levels [23]. Total intervertebral disc
replacement was introduced to preserve motion and restore
disc height after removing the pathology. The Bryan cervical
disc prosthesis was first introduced in the USA in 2002. It was
used for the treatment of both radiculopathy and myelopa-
thy, and in recent studies comparing the two for single-
level disease and comparing artificial disc versus fusion have
shown both groups to have comparable improvement in all
outcome measures [24].

9. Cervical Corpectomy and Strut Grafting

Cervical corpectomy can be used for a variety of spinal disor-
ders, including infection, neoplastic disease, and trauma, but
it is most commonly used for multilevel cervical spondylosis.
Single-level vertebrectomy can be carried out on patients
with signs and symptoms of myelopathy, who are found on
imaging to have spinal cord compression by osteophyte for-
mation and soft-disc herniation at two adjacent levels. Three-
level disease and compression can be treated by a two-level
vertebrectomy or a multilevel laminectomy. A vertebrectomy
should be performed if there is straightening of the spine, as
progressive kyphosis is likely after laminectomy or kyphotic
deformity as the cord is unlikely to move posteriorly away
from the compression in the presence of kyphosis. When
compression stretches four motion segments a posterior
decompression is preferred, but again, in situations of
kyphotic deformity a three-level vertebrectomy is suitable,
and then supplemented with a posterior instrumentation to
decrease the risk of graft and plate dislodgement. OPLL also
usually requires at least a one-level vertebrectomy.

Regarding the operative procedure, the same approach
as the ACDF described above is used. Once the correct lev-
el is confirmed the anterior longitudinal ligament over the

disc spaces above and below the level to be resected is
incised; the most anterior portions of the underlying discs
are then removed, as is the anterior longitudinal ligament
covering the front of the vertebrae. The extent of bone to
be removed is then marked, the width of bony resection is
usually 18 mm, but can be decreased to 15 mm at C4 or
C5 level surgery to decrease the incidence of C5 nerve root
dysfunction [24]. An operating microscope is used as bony
resection proceeds using a diamond burr; care is taken once
the superficial portion of the body is removed as the vertebral
artery lies in the middle third of the AP diameter of the
vertebral body. As bony resection proceeds, the end plates
of the adjacent vertebrae are also resected. The posterior
longitudinal ligament is then opened taking care to lift it
away from the dura, and Kerrison rongeurs are then used
to resect it as far as the bony exposure. Bony reconstruction
can be accomplished using an allograft, autograft, or cage
system. The graft should be 2 mm longer than the length of
the vertebrectomy, the AP depth is 13 mm. Distraction pins
are used above and below in order to insert the construct;
using a graft holder it is then hammered into place until it is
flush with the anterior aspect of the adjacent vertebral bodies.

Anterior plating is then performed, and the screws are
placed under fluoroscopic guidance, as this ensures accurate
screw placement avoiding both the graft and the adjacent disc
spaces; engagement of the posterior cortex has been shown
unnecessary [25, 26].

10. Multiple Level Discectomy and
Fusion versus Corpectomy

Cervical corpectomy is an alternative technique for the
removal of ventral compressive pathology and stabilization
of the cervical spine, and it allows for decompression behind
the midportion of the vertebral body. It has been shown that
by using ventral instrumentation in two-level discectomy,
the fusion rate is comparable with single-level corpectomy
[27, 28]. Comparison between three-level discectomy with
two-level corpectomy also showed similar rates of fusion.
Graft displacement after corpectomy is proportionate to
graft length and is increased with fusion ending at the C7
vertebral body. After placing a long corpectomy graft under
distraction there tends to be a general straightening of the
spine, however, multiple level discectomy and fusion allows
for increasing the ventral column height and restoration of
lordosis by pulling the vertebral body segments toward the
lordotic ventral instrumentation. Also multilevel discectomy
and fusion provides more fixation points to hold the con-
struct rigidly, compared with corpectomy and strut grafting
which has only two points of fixation and allows for more
translational movement [29].

11. Multiple Level Discectomy versus
Dorsal Procedures

Cervical radiculopathy is caused by compression at mul-
tiple levels; if lordosis is maintained and the compressive
pathology is primarily foraminal then dorsal foraminotomies
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are a reasonable alternative. However dorsal foraminotomy
cannot correct kyphosis and may predispose to it.

Cervical Myelopathy is best treated using a dorsal ap-
proach when the compression is primarily dorsal, that is,
congenital stenosis; dorsal fusion should be considered if
there is a straightening of the spine, kyphosis, or instability.

12. Minimally Invasive Surgery
and Laminoforaminotomy

Dorsal surgical approaches for the management of cervical
spondylosis are well established and in recent years have
undergone a host of modifications in order to make the
surgeries minimally invasive. The rationale behind these
advances is to cause less tissue injury on exposure, thereby
decreasing postoperative pain, but most importantly the
aim is to decompress the neural structures with minimal
disruption of dorsal structures, thereby preserving motion
and decreasing adjacent level disease and the incidence of
postdecompression kyphosis.

Laminoforaminotomy can be used for nerve root and
central canal decompression [30]. Patients with a unilateral
monoradiculopathy are best candidates. This is performed
using a tubular retractor system, (Met Rx system), a microen-
doscope, with the patient in a sitting position. Fluoroscopy
is used to mark a point 1.5 cm off the midline directly over
the desired disc space. A stab incision is made in the skin
and a guide pin is docked onto the superior facet at the
desired level using fluoroscopic guidance. The stab incision
is then widened to 2 cm and the underlying fascia is divided
sharply with scissors. The first tissue dilator is then passed
over the guide pin and it is removed, further dilators are
passed in sequence, the final port is the working channel
to which the endoscope is attached. A high speed drill can
be used to thin out the medial aspect of the superior facet
and a Kerrison rongeur used to perform a foraminotomy.
In disc herniation, the nerve root can be gently retracted
using a suction tip, allowing space to explore the ventral
epidural space. Any epidural plexus bleeding is controlled
with electrocautery and hemostatic agents. Two adjacent
levels can be decompressed through a single incision by
centering the initial incision halfway between the neural
foramina.

13. Facet Distraction

Recently the technique of facet distraction was published as a
treatment option for single or multilevel cervical spondylotic
radiculopathy and myelopathy [31]. In this study the authors
described facet distraction by manual implantation of metal
spacers within the articular cavity after wide removal of the
articular cartilage; structural changes resulting from these
spacers included an increase in interlaminar and interspi-
nous process distance and restoration of buckled liga-
ments of the region as well as an increase in spinal canal
diameter.

14. Summary

Both cervical spondylosis and its most common clinical
manifestations, radiculopathy and myelopathy, are com-
mon clinical conditions. It occurs in the aging population
as a result of disc degeneration, consequent degenerative
changes of the uncovertebral joints, ligamentum flavum, and
facet complex. Surgical outcome is dependent on selecting
the appropriate treatment for the appropriate patient and
pathology. In recent years much effort has been focused on
modifying the dorsal approaches in an effort to achieve sim-
ilar results with less tissue injury and less postoperative pain.
However, despite the numerous surgical options available,
the optimal procedure can still be difficult to choose.
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Cervical spondylosis is a broad term which describes the age related chronic disc degeneration, which can also affect the cervical
vertebrae, the facet and other joints and their associated soft tissue supports. Evidence of spondylitic change is frequently found
in many asymptomatic adults. Radiculopathy is a result of intervertebral foramina narrowing. Narrowing of the spinal canal can
result in spinal cord compression, ultimately resulting in cervical spondylosis myelopathy. This review article examines the current
literature in relation to the cervical spondylosis and describes the three clinical syndromes of axial neck pain, cervical radiculopathy
and cervical myelopathy

1. Introduction

Cervical spondylosis is a broad term which describes the
age-related chronic disc degeneration, which can also affect
the cervical vertebrae, the facet, and other joints and their
associated soft tissue supports. Chronic disc degeneration
results in increased mechanical stressors passing through the
cervical spinal column, resulting in osteophyte formation
and secondary degenerative changes in surrounding struc-
tures, such as the facet joints, the posterior longitudinal liga-
ment (PLL), and the ligamentum flavum. These degenerative
changes and their associated nerve impingement are then
responsible for the three clinical syndromes in which cervical
spondylosis presents. Cervical spondylosis is generally clas-
sified according to these three clinical syndromes or means
of presentation: axial neck pain, cervical radiculopathy, and
cervical myelopathy. Patients can have a combination of any
of the three syndromes. Evidence of spondylotic change is
frequently found in many asymptomatic adults [1], with
25% of adults under the age of 40, 50% of adults over the
age of 40, and 85% of adults over the age of 60 showing
some evidence of disc degeneration [2, 3]. Another study
of asymptomatic adults showed significant degenerative
changes at 1 or more levels in 70% of women and 95% of
men at age 65 and 60 [4]. The most common evidence of

degeneration is found at C5-6 followed by C6-7 and C4-
5 [3]. Treatment for mild and moderate disease is typically
conservative with surgical intervention advised for those
with severe intractable pain, progressive disease, and for
those with associated weakness and neurological deficits.

2. Natural History

Cervical spondylosis can present itself in a multitude of
ways. It can often be asymptomatic, it can can cause neck
pain, regional pain, and can cause neurologic deficits of the
sphincters, torso, or the extremities if there is spinal cord
involvement [5].

In the majority of cases patients present between the ages
of 40 and 60, with men being more commonly affected than
women at a ratio of 3 : 2.

Disc degeneration and bulging, osteophyte and spur
formation, ligamentous hypertrophy, vertebral subluxation,
decreased disc height, and facet joint arthropathy all combine
to cause narrowing of the spinal canal and intervertebral
foramina. Radiculopathy is a result of intervertebral foram-
ina narrowing. Narrowing of the spinal canal can result
in spinal cord compression, ultimately resulting in cervical
spondylosis myelopathy.
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Factors which contribute to an acceleration in the disease
process include having a congenitally narrow vertebral canal,
certain athletic endeavors such as soccer, rugby, and horse
riding, exposure to significant trauma, and having dystonic
cerebral palsy which includes the cervical muscles [6–11].

The course of disease development and the ultimate
prognosis for patients with cervical spondylosis is highly
variable and extremely difficult to predict. In 1956 Clarke
and Robinson longitudinally followed up 120 patients with
cervical spondylosis myelopathy and a mean age of 53 years.
They reported that in 75% of cases the disease deteriorated
in an episodic manner, in 20% of cases there was a steady
progression of symptoms, and in 5% of cases there was a
rapid onset of symptoms followed by a long respite in disease
progression [12].

In 1963 Lees and Turner longitudinally followed 44
patients with cervical spondylosis myelopathy from 3–40
years and again highlighted the disease’s unpredictable
nature. They found that “long periods of nonprogressive
disability are the rule and a progressively deteriorating course
is exceptional” and that “exacerbations can occur at long or
shorter intervals for many years” [13].

Roberts reported on 24 patients and found that a
long duration and severe symptoms were predictive of a
poor outcome following operative intervention [14]. Nurick
found in his study of 37 patients that there was an initial
phase of deterioration followed by a longer nonprogressive
phase which extended for many years, with older patients
more likely to experience disease deterioration [8]. Epstein
found that just over a third of patients improved, 38%
remained stable, and 26% deteriorated [15]. Three studies
from the same randomised controlled trials of conservative
and operative treatment by Kadanka over 3 years, by
Bedarnik over 2 years, and by Kadanka over 2 years found
no difference between either group [16–18].

Based on these and other studies it seems that the
progression of cervical spondylosis to cervical spondylosis
myelopathy is highly variable and difficult to predict, with
many patients experiencing a relatively benign form of the
disease; however, a significant proportion of those presenting
with neurological deficits do not experience spontaneous
improvements and are subject to deterioration in their
neurologic status over time [19].

3. Clinical Syndromes

3.1. Axial Neck Pain. Axial neck pain is the most common
syndrome seen in clinical practice [20]. Improper posture,
muscle fatigue, and poor ergonomics which occur as a
consequence of muscular and ligamentous factors are major
contributing factors to axial neck pain [21]. The aetiology
of axial neck and shoulder pain is poorly understood
and oftentimes there is no associated neurological deficit,
making the disorder more difficult to treat. Many possible
explanations have been given but their relative contribution
has been difficult to quantify. In one study of patients with
fibromyalgic neck pain, chemical analysis of the trapezius
muscle from symptomatic adults found low levels of the
high-energy phosphates, adenosine triphosphate, adenosine

diphosphate and phosphoryl creatine, and an increase in
the levels of adenosine monophosphate and creatine [22].
They concluded based on those results that muscle was the
primary source of pain in those patients [22]. Larsson et al.
demonstrated that patients with chronic trapezius myalgia
had a lower muscle blood flow and higher intramuscular
tension on their symptomatic side when compared to their
asymptomatic side and when compared to asymptomatic
controls [23]. Other factors such as a previous neck injury
have been shown to be an independent and distinct risk
factor for developing neck pain [24]. Facet joint arthropathy
and cervical disc disease can also contribute to symptomatic
neck pain. The synovium of facet joints and the peripheral
portions of the intervertebral disc have been demonstrated
to possess nerve fibres and nociceptive nerve endings [25–
27]. Facet joint injection and discography have also assisted
in providing evidence of their role in the aetiology of neck
pain [28, 29]. One-third of patients with axial neck pain
due to degenerative cervical spondylosis also present with
headache, and greater than two-thirds present with shoulder
pain which can either be unilateral or bilateral [30]. Many of
these patients also present with arm, forearm, and hand pain.
Another feature of this syndrome is chronic suboccipital pain
which can radiate to the back of the ear, occiput, or neck
and can be indicative of occipitoatlantal and atlantoaxial
degeneration [30]. Restricted rotation of the head to one side
can suggest involvement of the ipsilateral atlantoaxial joint
[21].

3.2. Cervical Radiculopathy. The most commonly involved
nerve roots in cervical radiculopathy are the sixth and
seventh nerve roots which occur as a result of spondylosis
of C5-C6 or C6-C7. Patients can present with arm pain,
sensory deficits, neck pain, paraesthesia, reflex deficits,
motor deficits, scapular pain, anterior chest pain, and, rarely,
with left-sided chest and arm pain (cervical angina) [31,
32]. The symptoms of cervical radiculopathy are usually
aggravated by performing the Spurling maneuver which
describes extension or lateral rotation of the head to the
side of the pain [21]. Davidson et al. demonstrated that
relief from cervical monoradiculopathies due to extradural
compressive disease may be obtained by performing the
shoulder abduction sign, which involves elevating the arm
overhead [33]. Radicular pain is thought to occur due to
compression of an inflamed or irritated nerve root. In an
animal model of chronic nerve root compression, Cornefjord
et al. showed an increased concentration of the neurogenic
chemical mediator of pain, substance P, in the dorsal root
ganglia and the nerve root after 1 and 4 weeks [34]. Cooper
et al. also demonstrated that chronic oedema and fibrosis
within the nerve caused by compression can also increase
the sensitivity of the nerve root to pain [35]. It has also been
postulated that mechanical deformation of the dorsal root
ganglia as occurs with a herniated disc causes a reduction
in blood flow to the sensory nerve cell bodies resulting in
pain [36]. Compression changes axonal flow which alters
the metabolism of neurotransmitters within the axons and
can then cause a decline in nerve function [37]. A prolapsed
nucleus pulposus also initiates a local inflammatory response
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which results in the release of numerous inflammatory
mediators such as tumour necrosis factor alpha (TNF-α),
causing increased pain [38].

3.3. Cervical Myelopathy. Cervical myelopathy as a result
of spondylosis is the most common cause of nontraumatic
paraparesis and quadriparesis. It typically has an insidious
onset and presents with clumsiness or reduced fine motor
skills in the hands [20]. Patients complain of urinary urgency,
hesitation, and frequency but rarely incontinence, and an
increasingly awkward gait or difficulty maintaining balance,
is frequently observed by family members [21]. Patients
often present with neck stiffness and sometimes experience
a stabbing pain in the preaxial or postaxial border of the
arms [39]. Extension and flexion of the neck often elicits
electric shock like sensations in the extremities with this
known as Lhermitte’s sign [20]. A more specific sign for
CSM is Hoffman’s sign. This sign is elicited by flipping
either the volar or dorsal surfaces of the middle finger
and observing the reflex contraction of the thumb and
index finger. In particular, a dynamic Hoffman’s sign may
accentuate the reflex [40]. This is achieved by performing
the test in different degrees of flexion and extension. Sung
et al. reported that a positive Hoffman’s sign strongly
correlates with a cervical pathology [41].

Patients also demonstrate spasticity with exaggerated
reflexes below the level of cord compression, motor weak-
ness, sensory loss, and extensor plantar responses [20]. Some
patients develop “myelopathy hand” which refers to a series
of hand pathologies which include, loss of dexterity, diffuse
numbness, intrinsic muscle wasting, ulnar and flexor drift
of the ulnar two digits when trying to keep the fingers
adducted and extended, and an inability to grasp and release
the fist [21, 42, 43]. Mechanical compression of the spinal
cord is thought to be the primary aetiological factor which
results in myelopathy. In normal adults the anteroposterior
diameter of the subaxial spine measures 17 to 18 mm. Those
who have a diameter less than 13 mm are thought to have
developmental stenosis and are predisposed to developing
myelopathy [44].

There is a lot of evidence that suggests congenital narrow
vertebral canals are related to developing cervical spondylosis
myelopathy (CSM) [45]. The Torg-Pavlov ratio is a relativity
straightforward measurement that is taken from lateral
radiographs of the cervical spine. It is calculated by dividing
the width of the spinal canal at a level (taken from the
midpoint of posterior surface of the vertebral body to the
closest point in the junction of the lamina and spinous
process), by the diameter of the vertebral body at that
level. Yue et al. in a study measuring the Torg-Pavlov ratio
of 1130 individuals, showed that the ratio is significantly
lower in patients with cervical spondylotic myelopathy
compared with a nonspondylotic, nonmyelopathic control
group, irrespective of sex and age [46].

Other factors which play a part in myelopathy develop-
ment include a cross-sectional area less than 60 mm2 and a
banana-shaped cord [47, 48]. Another important factor in
the development of significant neurologic deficit is having
an anteroposterior cord compression ration of less than 40%

and this is suggestive of significant flattening of the cord
and a worse prognosis [43]. Normal neck movements can
change the dimensions of the spinal canal and can assist
in myelopathy development by causing cord compression
[21]. The volume of the cervical spinal canal and the
anteroposterior diameter have been shown to be reduced in
extension [49, 50]. The spinal cord has also been shown to
stretch with flexion of the cervical spine and shorten and
thicken with extension [51]. This thickening in extension
then exposes the cord to increase compressive forces from the
lamina or the ligamentum flavum.

Instability is another important consideration in patients
with CSM. Some authors consider severe disc degeneration
as being equivalent to “autofusion” as a compensation pro-
cess for segmental instability. Wang et al. recommend mul-
tilevel anterior cervical decompression and fusion (ACDF)
or expansive laminoplasty as a surgical management of
CSM with severe disc degeneration because of the associated
instability [52].

Cervical spondylotic myelopathy has also been shown to
affect patients’ quality of life with over one-third of patients
having increased anxiety or depression as a result of their
reduced mobility [53].
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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 man-
agement, 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 decom-
press the spinal cord and roots which can employ an anterior,
posterior, or circumferential approach. Under most circum-
stances, 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 complica-
tions include postoperative pain from injury to paraspinal



2 Advances in Orthopedics

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 decompres-
sion 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 under-
went 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 laminec-
tomy 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 6-
months). Radiographic alignment by the cervical index was

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 sub-
stantial 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 lamino-
plasty 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 deter-
mined 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 sec-
ondary 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 Dis-
cectomy 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 tradi-
tionally 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].

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 mul-
tilevel 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 cor-
pectomy with fusion (ACCF) is effective in addressing ventral
pathology that extends beyond the cervical spine inter-
spaces [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 clin-
ical 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 1-
year follow-up visit, and 13.9 at the 5-year followup visit
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[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 five-
level 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 cor-
pectomy. 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 compli-
cation 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 radicu-
lopathy 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 laminofora-
minotomy is used for decompression of the nerve root in

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 complica-
tion 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 lamino-
foraminotomy 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]. Fol-
lowup, 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 complica-
tions, compared to anterior surgery, have been reported as
major advantages of posterior laminoforaminotomy [68].
However, complications of this technique include neurologi-
cal 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 discec-
tomy and fusion (ACDF) is suggested for the treatment
of single-level degenerative cervical radiculopathy for com-
pressive 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, graft-
related 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 ante-
rior 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 laminoforamino-
tomy 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 longer-
term, 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 tech-
nique 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, how-
ever, 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 litera-
ture does not provide an evidence base to indicate whether
anterior or posterior surgery yields superior short- and long-
term results for both CSM and cervical radiculopathy. Well-
designed prospective randomised-control trials involving
patients with these clinical scenarios could help to properly
evaluate this.
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Cervical spondylosis is a common problem encountered in modern orthopaedic practice. It is associated with significant patient
morbidity related to the consequent radiculopathic and myelopathic symptoms. Operative intervention for this condition is
generally indicated if conservative measures fail; however there are some circumstances in which urgent surgical intervention
is necessary. Planning any surgical intervention must take into account a number of variables including, but not limited to, the
nature, location and extent of the pathology, a history of previous operative interventions, and patient co-morbidities. There are
many different surgical options and a multitude of different procedures have been described using both the anterior and posterior
approaches to the cervical spine. The use of autograft to achieve cervical fusion is still the gold standard with allograft showing
similar results; however fusion techniques are constantly evolving with novel synthetic bone graft substitutes now widely available.

1. Introduction

Cervical spondylosis is a common problem that is increasing
in incidence in our aging population. Presentation is usually
with neck pain, cervical radiculopathy, cervical myelopathy,
or a combination of these.

The pathogenesis of cervical spondylosis is age-related
degeneration with loss of disc height and posterior or pos-
terolateral disc herniation. Degenerative changes also result
in bulging of the ligamentum flavum which can impinge
on the spinal cord posteriorly, osteophyte formation, and
ossification of the posterior longitudinal ligament which can
compress the spinal cord anteriorly [1].

Cervical radiculopathy has an incidence of 83.2 per
100,000 [2] with a prevalence of 3.5 per 1,000 population
[3]. As cervical myelopathy is a rarer condition, there is little
reliable epidemiological data.

Radiculopathy is caused by nerve root compression and
presents with dermatomal and myotomal dysfunction in the
upper limbs with general lower motor neuron signs of weak-
ness, wasting, flaccid paralysis, and hyporeflexia. Specific
tests used in the setting of cervical radiculopathy include
Spurling’s test and manual cervical distraction; both of which
may help to distinguish neurological pathology from other

causes of a similar clinical picture. Myelopathy can present
with a variety of symptoms: general upper motor neuron
signs of weakness, spasticity, and hyperreflexia in both upper
and lower limbs with Hoffmann’s and Babinski’s signs in
the upper and lower limbs, respectively, as well as bowel
and bladder dysfunction, clonus, myelopathic gait, sensory
disturbances, and rarely a history of Lhermitte’s sign. On
examining the patient one may also elicit a positive inverted
radial reflex and the finger escape sign.

2. Indications for Surgery

There are no strict guidelines on the indications for surgery
in cervical spondylosis. The decision to proceed with surgery
is taken after detailed consultation, physical examination,
and imaging and is based on a number of variables including
the severity of symptoms, duration of symptoms, progres-
sion of symptoms, radiological changes, and the patient’s
fitness for surgery. The failure of conservative management
strategies, such as physiotherapy, analgesia, nonsteroidal
anti-inflammatory drugs, and epidural injections, is another
indication for surgical intervention.

It is generally accepted that in the setting of myelopathy,
a shorter duration of symptoms before surgical intervention
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is associated with better neurological recovery, and this has
been borne out in a number of studies [4, 5]. Indications
for urgent surgery include new-onset gait disturbances,
bowel/bladder dysfunction, and rapid progression of disease.

3. Planning Surgery

Both the anterior and posterior approaches can be utilised
in accessing the cervical spine. The approach is dictated by
a number of different variables including the location of
pathology and type of procedure to be undertaken, previous
surgeries to the area, extent of disease (single or multilevel),
preoperative neck pain, the presence of congenital stenosis,
sagittal alignment of cervical spine, and patient comobidities
[6].

The exact nature and location of the pathology plays an
important role in deciding which approach to take to the
cervical spine. Posterolateral herniation of the intervertebral
discs lends itself to either an anterior or posterior approach
[7]; however central posterior herniation is better accessed
through the anterior approach with fewer postoperative
complications [8]. Whatever approach is taken, it is impor-
tant to minimise working around the spinal cord so as to
minimise the risk of spinal cord injury.

Previous surgery using the anterior approach can make
subsequent surgeries more difficult due to the presence of
scar tissue which increases the risk of damage to structures
in the anterior neck. Contralateral anterior approach is
possible, but preoperative laryngoscopy should be performed
beforehand to outrule the presence of subclinical vocal cord
paralysis due to previous injury to the recurrent laryngeal
nerve on that side. Repeated surgeries to the posterior neck
increase the risk of postoperative axial pain and paraspinal
muscle dysfunction. [9–11].

The extent of the disease and the number of levels to
be operated on are other important considerations in the
planning of any surgery to the cervical spine. For one- or
two-level disease that is accessible from the anterior, it is
that approach that is generally favoured by surgeons. Patients
with pathology at multiple levels should be considered for
posterior approach as studies have shown similar neurologi-
cal outcomes compared to anterior approaches but decreased
operating time and complications in patients undergoing
posterior surgery for multilevel pathology [12–15].

The presence of preoperative neck pain is a relative
contraindication to posterior approach given the increased
incidence and possible worsening of axial neck pain in
patients undergoing a posterior approach [12, 16]. Therefore
in patients with a significant degree of neck pain preoper-
atively an anterior approach is indicated if the pathology
can be accessed through that approach. Studies have also
shown that if a posterior approach is taken the incidence
of postoperative axial neck pain is reduced with reduced
number of laminoplasty levels [17, 18].

A normal mid sagittal cervical spinal canal diameter is
17-18 mm with congenital cervical canal stenosis defined as
an AP diameter of <13 mm. Congenital stenosis increases
the risk of developing cervical myelopathy or radiculopathy
later in life due to even mild spondylosis and therefore is an

important consideration in those presenting for evaluation
[19–21]. Patients with developmental canal stenosis are often
not suitable for anterior cervical discectomy and fusion
(ACDF) due to high rates of postoperative clinical deteriora-
tion in this group after ACDF [22]; however laminoplasty has
been shown to improve outcomes in patients with cervical
spondylosis and concomitant congenital canal stenosis [23].

Sagittal alignment of the cervical spine is another
consideration with mounting evidence to suggest that better
outcomes are achieved by using the anterior approach
compared to the posterior approach in patients with a
kyphotic cervical spine [24, 25].

Spinal cord signal changes on preoperative MRI are
another factor that affects postoperative outcomes with many
studies showing poorer outcomes in patients with preop-
erative intramedullary hypointense signal changes on T1-
weighted MRI [26–28].

4. Operative Techniques

The main procedures that are performed through an anterior
approach are anterior cervical discectomy and corpectomy,
and those carried out through a posterior approach are
laminoplasty, laminectomy, and posterior cervical discec-
tomy.

4.1. Anterior Cervical Discectomy. Anterior cervical discec-
tomy is performed with the patient in the supine position
with neck in slight extension. A transverse incision is made in
the anterolateral aspect of the neck with dissection through
the natural fascial planes of the neck between the carotid
sheath laterally and the trachea and oesophagus medially.
This allows good access to the cervical intervertebral spaces.
Through this approach the surgeon can achieve decompres-
sion by discectomy or corpectomy. Additional procedures
that can be carried out include removal of ossified posterior
longitudinal ligament, osteophyte removal, and foramino-
tomy. ACDF is the procedure of choice for single-level
disc disease and is also commonly performed for two-level
disease. Studies have shown that for adjacent two-level disc
disease, ACDF is superior to single-level corpectomy in terms
of operating time and blood loss, but the two procedures
have similar neurological outcomes [29, 30]. Postoperative
dysphagia is a common complication after anterior surgery
and has been reported to persist at one-year followup in 13–
21% of cases and is higher in females and after multilevel
surgery [31].

4.2. Corpectomy. Corpectomy is the removal of a central
portion of the body of a vertebra. It can be used for the treat-
ment of multilevel disease that is amenable to the anterior
approach. It is used as an alternative if multiple discectomies
and fusions are required and in cases where a large access
area is required to completely decompress the spinal cord [6].
Symptoms due to short segment ossification of the posterior
longitudinal ligament can be treated with corpectomy also
[32]. Following corpectomy there are a number of options
for filling the defect: iliac crest autograft is still the method
of choice for one- and two-level corpectomy, but following
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multilevel corpectomy the use of a fibular strut allograft or
metallic cages are reconstructive options. As for ACDF these
can all be supplemented with anterior plating to provide
extra stability and increase fusion rates. Newer techniques
that have shown promising results include skip corpectomy
and combined corpectomy and adjacent level discectomy
[33, 34].

4.3. Laminoplasty. A laminoplasty is performed with the
patient in the prone position through a posterior midline
incision. The paraspinal muscles are stripped from the
vertebrae before laminoplasty is performed. A laminoplasty
can be performed using a single-door or double-door
technique, and this can be supplemented by bone graft
or instrumentation to keep the “door” open. For a single-
door laminoplasty the junction of the lateral masses and
the laminae is divided completely on one side while the
other is divided to the anterior cortex; this side is then
used as a hinge to rotate the other side open. For a
double-door laminoplasty a midline osteotomy through the
spinous processes and laminae is performed, and bilateral
hinges are created by a similar technique as for the single-
door laminoplasty. The laminae are then opened in the
midline using the lateral hinges as axes of rotation. As with
the single-door laminoplasty the double-door laminoplasty
can be supplemented by instrumentation to maintain the
decompression. Overall, results of single- and double-door
laminoplasty show similar neurological outcomes [35] with
canal expansion slightly more in the single-door group
[36]; however, there may be certain subsets of patients that
would benefit more from one procedure over the other
(e.g., patients with myelopathy and bilateral radiculopathy
will benefit more from double-door laminoplasty) [36].
Standard laminoplasty is performed from C3–C7; however,
some studies suggest that decreasing the number of levels and
surgical techniques to preserve the paraspinal musculature
will improve postoperative axial pain [17, 37].

4.4. Laminectomy. Laminectomy is an alternative for pos-
terior approaches to the cervical spine. This involves
decompression by removal of the spinous processes and
laminae at the levels to be decompressed. Laminectomy is
often carried out with concomitant fusion to increase the
stability of the cervical spine. This can also be supplemented
with instrumentation to provide immediate stability and
increase fusion rates. Laminectomy has been shown to
provide excellent neurological and functional outcomes in
multilevel cervical myelopathy [38, 39]; however, compared
to laminoplasty it does show increased operating time and
increased complications rates [40, 41].

4.5. Posterior Cervical Discectomy. Cervical discectomy is
most commonly performed through an anterior approach;
however, there are some circumstances where a posterior
discectomy is performed. This includes where the anterior
approach would be associated with an unacceptable compli-
cation risk and where a posterolateral herniated disc is easily
accessible by a posterior approach [7]. The advantage of the
posterior approach is that potential complications associated

with the anterior approach are avoided, and fusion is not
necessary so full cervical range of motion is maintained [42].
One disadvantage of this approach is the increased risk of
nerve root and spinal cord injury.

5. Fusion Techniques

Fusion is performed with the placement of graft between
the fusion surfaces followed by a period of immobilisation
to allow the fusion to occur. Bone graft can be autograft,
allograft, or synthetic bone graft substitutes. Autograft is still
the gold standard with its long established safety and efficacy.
Bone is usually harvested from the iliac crest which intro-
duces the risk of complications relating to nerve or arterial
injury, hematoma, infection, and chronic pain at the harvest
site [43]. Allograft is usually readily available and avoids the
morbidity associated with autograft harvest. Recent studies
show comparable fusion rates with allograft and autograft
[44, 45]. The disadvantages of using allograft include the risk
of disease transmission and the increased cost. Fibular strut
allografts can be used to reconstruct the defect following
multilevel corpectomy. Synthetic bone graft substitutes are
relatively new agents that have been used alone and in combi-
nation with autograft or allograft. When used alone synthetic
graft substitutes avoid the complications of harvesting and
disease transmission associated with autograft and allograft.
One such agent, recombinant human bone morphogenetic
protein-2 (rhBMP-2), has shown promising results in clinical
trials [46]; however, there are still some concerns over
its safety with a number of studies showing increased
complications related to local and systemic inflammatory
responses [47, 48] and reports of clinically significant neck
swelling leading to acute airway compromise and dysphagia
[49]. Synthetic bone graft substitutes are also relatively
expensive.

6. Summary

Cervical spondylosis is a common problem encountered by
the orthopaedic surgeon. Surgical decompression can be
achieved through a multitude of procedures using either
an anterior or posterior approach. The type of procedure
carried out is dependent on a number of different variables
including extent and location of pathology, previous surgery,
congenital canal stenosis, and the presence of preoperative
axial neck pain. Satisfactory surgical outcome will result
in long-term amelioration of cervical radiculopathic and
myelopathic symptoms with few postoperative complica-
tions.
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Cervical spondylosis is a common and disabling condition. It is generally felt that the initial management should be nonoperative,
and these modalities include physiotherapy, analgesia and selective nerve root injections. Surgery should be reserved for moderate
to severe myelopathy patients who have failed a period of conservative treatment and patients whose symptoms are not adequately
controlled by nonoperative means. A review of the literature supporting various modalities of conservative management is
presented, and it is concluded that although effective, nonoperative treatment is labour intensive, requiring regular review and
careful selection of medications and physical therapy on a case by case basis.

1. Introduction

Spondylosis refers to age-related degenerative changes within
the spinal column [1], which in the cervical spine may be
asymptomatic or can present as pure axial neck pain, cervical
radiculopathy, cervical myelopathy, or cervical myeloradicu-
lopathy. Radiological evidence of asymptomatic cervical
spondylosis is seen frequently [1, 2], with an incidence of
50% over the age of 40 and 85% over the age of sixty [2, 3].
Unfortunately, neck pain and radiculopathy are relatively
common, with about two thirds of the UK population
having neck pain at some point in their lives [4, 5], and
34% of responders in a Norwegian survey of 10,000 adults
having experienced neck pain in the previous year [6].
Nonsurgical treatment is usually the most appropriate course
of initial management [7, 8], with operative intervention
being reserved for moderate to severe myelopathy, or cases
with unremitting and progressive symptoms that have failed
medical treatment [7, 9, 10]. Despite the high incidence
of symptomatic cervical degeneration and the widespread
use of nonoperative techniques to treat this condition, the
number of comparative trials in the literature is small and

usually of poor quality [11]. In this paper we attempt to sum-
marise the recommendations of the literature with regards to
treating symptomatic cervical spondylosis, including cervical
radiculopathy and mild myelopathy.

2. Pathophysiology

2.1. Neck Pain. In the vast majority of patients axial neck
pain is related to muscular and ligamentous factors related
to injury, poor posture, stress, or chronic muscle fatigue [12].
The cervical discs and facet joint scan are also sources of pain
secondary to degenerative disease. The pathway whereby a
degenerate disc causes neck pain is disputed, however the
nerve supply to the peripheral portion of the intervertebral
disc may be responsible for the direct sensation of pain
[13, 14]. The sinuvertebral nerve is formed from branches of
the ventral nerve root and the sympathetic plexus [14] and
supplies nerve endings to the annulus, posterior longitudinal
ligament, periosteum of the vertebral body and pedicle, and
the adjacent epidural veins. Direct stimulation of each disc
by discography produces reliable patterns of pain [15], and
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this would suggest that the degeneration of the disc may
be responsible for axial neck pain. Provocative injection of
the facet joint also produces reliable patterns of axial neck
pain and pain in the shoulder girdle [16], indicating that
the facet joint may also be responsible for axial neck pain.
This is further confirmed when pain is removed by injection
of anaesthetic into the facet joint [17] around the dorsal
primary rami [18]. Degeneration of the upper cervical joints
can cause severe suboccipital pain radiating to the neck or
ear, and injection of the atlanto-occipital and atlantoaxial
joints results in a reproducible pain pattern in this region
[19].

2.2. Cervical Radiculopathy and Myelopathy. Age-related
degeneration of the intervertebral disc results in loss of
viscoelasticity and a loss of height with associated posterior
bulging. As the disc height decreases the ligamentum flavum
folds, as does the facet joint capsule, causing a decrease in
the dimensions of the canal and exit foramina. Osteophytes
form posteriorly around the disc, and these combined with
the disc bulge and the aforementioned in folding of ligament
and joint capsule cause pressure on the exiting nerve roots or
the spinal cord itself.

The underlying mechanism of radicular pain is not
clearly understood, but it is generally believed that an
inflamed nerve root will produce pain when compressed.
This inflammation is most likely a result of neurogenic
chemical mediators released from the cell bodies of sensory
neurons and nonneurogenic mediators released from the
degenerate disc [20, 21]. It may also be that the dorsal root
ganglion is the culprit, as it is very sensitive to deformation
[22].

Myelopathy is invariably caused by compression of the
spinal cord. Animal studies have demonstrated that the
spinal cord must be subjected to at least 40% compression
to produce reversible neurological deficits [23]. To achieve
this compression ratio in patients there would usually
be associated factors, such as developmental stenosis (an
anteroposterior canal diameter of <13 mm) or instability
of a motion segment leading to dynamic compression
[24].

3. Treatment

3.1. Medications

3.1.1. Non-Steroidal Anti-Inflammatory Drugs (NSAID’s).
Despite an absence of clinical trials in the use of NSAIDs in
the treatment of cervical spondylosis, their use is widespread.
Theoretically in addition to a purely analgesic effect NSAIDs
will reduce inflammation around the nerve route decreasing
its sensitivity to compression. There is no evidence that
NSAIDs are more effective than pure analgesics such as
acetaminophen; however their efficacy has been shown in hip
and knee arthritis [25, 26], and meta-analysis of the use of
NSAID’s in acute low back pain demonstrates greater efficacy
than placebo [27–29].

3.1.2. Opioid Analgesics. The use of opioid analgesics in
spondylotic syndromes has been limited by the possibility
of their ineffectiveness in neuropathic pain [30] in addition
to the fear of their addictive nature. Despite this, there is
evidence that oxycodone can be effective in the treatment
of spondylosis [31, 32]. Opioid analgesics are indicated in
the management of carefully selected patients with moderate
to severe symptoms of axial neck pain with significant
underlying structural spondylosis that are refractory to
nonopioid agents and nonpharmacological therapies [33].

3.1.3. Muscle Relaxants. The use of muscle relaxants in
cervical spondylosis is aimed at relieving any associated
spasm of the trapezius and paraspinal muscles, as well
improved sleep from sedative effects of these medications.
This has been demonstrated using the agent carbobenzaprine
in mixed back and neck pain populations [34, 35], though
the greatest gains appear to be within the first week of
treatment [36]. It should be noted that because of their habit-
forming properties the duration of treatment with muscle
relaxants should be tapered quickly and last for a maximum
of two weeks [33].

3.1.4. Antidepressants. There is little evidence to support
the use of antidepressants for the treatment of cervical
spondylosis, but there is evidence of a modest improvement
in pain severity with minimal functional improvement in low
back pain [37, 38].

3.1.5. Anticonvulsants. Gabapentin has been shown to
improve pain in the treatment of diabetic neuropathy and
has therefore become widely used for the treatment of other
sources of neuropathic pain. Again there is no evidence
to support its use in cervical radiculopathy, but there is
evidence of small improvements in pain scores when used in
lumbar radiculopathy [39, 40]. A trial of the anticonvulsant
Topiramate found a small improvement in pain score but
no improvement in function when used to treat lumbar
radiculopathy [41].

3.1.6. Corticosteroids. There is limited evidence to support
the use of systemic corticosteroids in the treatment of
cervical radiculopathy. If used the general advice is that a
1-2-week course (tapered after 3 days) of steroid such as
prednisone should be used only in carefully selected patients
refractory to other medication [8]. There is stronger evidence
supporting the use of steroids selectively, in the form of
cervical epidurals with moderate improvement of symptoms
[42, 43], though cervical epidurals are not without risk [44],
and a recent randomised blinded study (albeit with small
numbers) has demonstrated no effect [45].

3.1.7. Botulinum-A. There is moderate evidence that
botulinum-A injections are of no benefit [46].

3.1.8. Physiotherapy. There have been several trials and sys-
tematic reviews into the use of a structured physical therapy
programme for the treatment of cervical spondylosis and its
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sequelae. The overall message or the prospective randomised
trials appears to be that surgically treated patients receive
greater improvements in pain, muscle strength, and sensory
function in the early follow-up period, but at 1 year there is
no difference between groups either objectively or in terms
of patient satisfaction. This applies to pure axial neck pain,
cervical radiculopathy [47, 48], or mild cervical myelopathy
[49]. Typically the therapy regime requires 15–20 sessions of
between 30- and 45- minute duration over a 3-month period.
The treatment should be tailored to individual patients
but includes supervised isometric exercises, proprioceptive
reeducation, and manual therapy. Thermal therapy provides
symptomatic relief only, and ultrasound appears to be
ineffective [50].

3.2. Alternative Medicine

3.2.1. Chinese Herbal Medicine. Chinese herbal medicine
is a popular method of alternative medical therapy. The
literature is sparse regarding the effectiveness of Chinese
medicine for any condition, and what little literature does
exist is in Chinese and is not easy to search. There is one
meta-analysis that investigated the effectiveness of Chinese
herbal medicine, finding only 4 studies (two of which
were unpublished). This study concluded that there was
weak evidence to suggest that Compound Qishe Tablet was
superior to placebo and that topical Compound Extractum
Nucis Vomicae was more effective than topical diclofenac gel.

3.2.2. Accupuncture. Accupuncture has been shown to be
effective for pain relief in the immediate and short term
posttreatment period; however there is no medium to long-
term benefit in pain control or functional improvement
[51–54].

4. Conclusions

Cervical spondylosis is a common and disabling condition.
The initial management should be nonoperative for the first
3 months. Surgery should be reserved for moderate to severe
myelopathy patients who have failed a period of conservative
treatment and patients whose symptoms are not adequately
controlled by nonoperative means. Nonoperative treatment
is labour intensive, requiring regular review and careful
selection of medications and physical therapy on a case by
case basis. More invasive treatments such as epidurals may
be of benefit in a select group of patients that do not respond
to simpler measures.
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Cervical spondylosis is a spectrum of pathology presenting as neck pain, radiculopathy, and myelopathy or all in combination.
Diagnostic imaging is essential to diagnosis and preoperative planning. We discuss the modalities of imaging in common
practice. We examine the use of imaging to differentiate among central, subarticular, and lateral stenosis and in the assessment
of myelopathy.

1. Introduction

Imaging modalities for cervical spondylosis aim to assist
the clinician in differentiating discogenic neck pain, radicu-
lopathy, and myelopathy. Radiological assessment helps to
localise the site and level of the disease for preoperative
planning when surgical intervention is required. The current
modalities in common use are pain film roentgenology,
magnetic resonance imaging, and computed tomography.

Despite advances in diagnostic imaging plain film
remains an inexpensive initial radiological evaluation of the
spine in cervical spondylosis. Anteroposterior, lateral, and
oblique radiographs can be acquired easily at the time of
consultation. These images can show changes in the facet
and uncovertebral, osteophytes, and disc space [1]. This is
an indication of the underlying pathology but not diagnostic
as these findings are common in the adult population [1].
Weight-bearing plain films can also assess alignment and
sagittal canal diameter. Measurement of the anteroposterior
diameter is typically determined on a lateral plain film as the
distance from the posterior surface of the vertebral body to
the closest point on the spinolaminar line at the pedicle level.
However, this is a two-dimensional assessment of a three-
dimensional structure and such measurements have shown
to be inaccurate. Three-dimensional imaging modalities are

now used for more accurate assessment. Lateral flexion-
extention views are also useful initial investigations [2].
These will help to assess cervical range of motion and identify
fused segments and instability. Instability is suggested where
translation of >3.5 mm and sagittal plane angulation of
>11 degrees are present [3].

Compared with other radiological studies available to
evaluate the spine magnetic resonance imaging (MRI)
provides the greatest range of information [4]. It provides
an accurate morphological assessment of both osseous
and soft tissue structures including intervertebral discs,
spinal ligaments, and the neural elements. Dynamic weight
bearing MRI has recently been championed as the preferred
technique for pathology-specific diagnosis [5, 6]. Computed
tomography in isolation lacks the soft tissue detail achieved
with MRI scanning. However, CT is still a useful modality
when there is a contraindication to MRI and where metal
artefact is obstructing the anatomy. CT myelography is an
invasive procedure and is associated with a number of risks.
It is only used for patients who have contraindications,
equivocal findings, or failed MR imaging because of metal
artefact.

Imaging for spinal stenosis should aim to determine
the site of compression. Spinal stenosis can be divided
into central, subarticular recess (lateral recess), and lateral
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[7]. Central stenosis results in concentric narrowing of the
spinal canal and can result in cervical myelopathy. Radicular
symptoms can be attributed to either subarticular recess
stenosis in lateral aspect of the central spinal canal or lateral
stenosis at the foramina. Radiological evaluation of the spinal
cervical spine can as such be broadly slit into central and
lateral.

2. Central Radiological Assessment:
Central Stenosis and Myelopathy

Modalities employed for a central assessment of the cervical
spine should determine the extent and site of canal stenosis
and any associated myelopathy.

3. Assessment of Sagittal Diameter of
the Spinal Canal

The size of the cervical spinal canal is clinically important
[4, 8]. The spinal canal is narrowed with central stenosis,
and this can lead to cervical myelopathy. The role of the
narrow cervical spine in the expression of clinical syndromes
was evaluated by Edwards and LaRocca [9]. They predicted
that patients with a canal size of <10 mm had myelopathy,
those with a canal size of 13 to 17 mm were less prone to
myelopathy but were more prone to symptomatic cervical
spondylosis, and those with a canal size of greater than
17 mm were asymptomatic [9]. MRI studies which take into
account soft tissue structures, weight-bearing, and dynamic
imaging have suggested that a congenital sagittal diameter
of <13 mm is a significant risk factor for development of
stenosis [4]. However, a number of authors have reported
an incidence of asymptomatic stenosis of between 16 and
19% [10, 11]. With MRI scanning becoming more routinely
available the best management of this group of individuals
will be challenging.

There are numerous ways to evaluate the diameter of the
spinal canal. Although traditionally determined on a lateral
plain film such measurements have shown to be inaccurate.
Inaccuracy has also been attributed to variation in the
distance from the X-ray source and rotation of the subject
[4, 8]. In order to improve accuracy of this measurement
on plain film a number of authors have described the use
of a ratio between the sagittal diameter of the vertebral
body and the diameter of the canal [12, 13]. Pavlov’s ratio
was considered normal when >1 and stenotic when <0.8.
However, some authors have reported a poor correlation
between the space available for the cord and the Pavlov ratio
[14, 15].

The most accurate measurement of spinal canal diameter
is obtained using MRI. Unlike other modalities MRI takes
into account both osseous and soft tissue structures when
calculating the canal diameter. This is important as central
stenosis is often due to a combination of degenerative hyper-
trophy of the facet joints, osteophytic spurring, ligamentum
flavum thickening, ossification of the posterior longitudinal
ligament, posterior disc protrusion, and translation of one
anatomical segment on the next [7]. The examination

should be performed using thin sections and high reso-
lution. Spinal MRI should include imaging sets obtained
in the axial and sagittal planes using T1-weighted, proton-
density, and T2-weighted techniques. In addition pulse
sequences that provide high signal from cerebrospinal fluid
(myelographic effect) help delineate epidural pathological
processes such as disc fragments and osteophytes [16]. The
bony and osteophytic components of the spinal stenosis
pattern are seen best using a T2-weighted gradient-echo
technique.

4. Myelopathy

As well as the anatomy of spinal cord compression MRI
can show the pathological spinal cord changes in cervical
spondylotic myelopathy. Signal change not only indicates
the presence of myelopathic change but has also been used
as a predictor of outcome [17]. Takahashi et al. were the
first group to correlate a high signal on T2-weighted MR
images with a poor clinical result after both operative and
nonoperative management [18]. However, controversy exists
in the interpretation of signal changes in the spinal cord. This
may explain why although some studies have shown similar
results to Takahashi et al. other studies have not [19, 20].

Myelopathy is seen as increased signal within the cord
on T2-weighted and a decreased signal on T1-weighted
MRI. However, these signal changes are not reciprocal and
are likely to represent different underlying pathology [21].
Attempts have been made to correlate MRI and histological
findings. Oedema and gliosis have been described as a
high-intensity signal change on T2-weighted MRI, and
myelomalacia and necrosis as a low-intensity signal change
on T1-weighted MRI [22]. This is an important distinction
as it suggests that those changes seen with increased intensity
on T2 images are reversible whereas those seen a low signal
on T1 are irreversible. However, other authors suggest that
all increased signals in the spinal cord represent diffuse
neuronal cell loss, replacement by glial cells in the stroma,
and axonal and spongy degeneration in the white matter
indicating advanced spinal cord damage [23]. Radiological
classifications systems to quantify changes in signal intensity
have been developed in an attempt to identify the radio-
logical divide between reversible and irreversible changes
[24]. The simplest of these describes three grades absent,
obscure, and bright [25]. But a more detailed classification
system that accommodates both T1- and T2-weighted MRI is
more predictive of surgical outcome than those that include
T2-weighted changes alone [17]. In addition, postoperative
MRI has been used to identify late onset of low T1
SI changes in patients with poor neurological recovery
[17].

It seems intuitive that multisegmental increased signal
change on T2-weighted images would indicate a more
severe and extensive pathology and be associated with
poor clinical course. However, despite studies showing that
multisegemntal disease is associated with a poor functional
recovery [26] and more extensive pathology [19] others have
shown a mild cervical myelopathy in patients with extensive
high signal change [17, 27].
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5. Lateral Radiological Assessment:
Radiculopathy

Radicular symptoms can be attributed to either subartic-
ular recess stenosis in lateral aspect of the central spinal
canal or lateral stenosis at the foramina. Detailed history
and examination findings are essential to interpreting the
results of these scans. The distribution of radiculopathy
should be localised to a nerve root. Imaging should be
used to ascertain if compression of that nerve root is
occurring. Where impingement is demonstrated and surgery
is being considered the exact location of obstruction needs
to be identified. Preoperative planning should distinguish
between subarticular recess stenosis at the same level as
the exiting nerve root and lateral stenosis at the foramina
below.

As discussed MRI is the diagnostic standard for eval-
uation of the cervical spine. However, exaggeration of
foraminal stenosis is associated with gradient-echo axial
MR imaging scans obtained through the cervical region
[28]. Foraminal stenosis has been reported in as high as
twenty percent of asymptomatic subjects older than forty
years of age [10]. As a result some surgeons carry out
a CT myelogram preoperatively. Compressive osteophytes
and foraminal stenosis are best identified with use of CT
scans [2]. CT myelography has been reported superior
to MRI in distinguishing osseous from soft tissue com-
pression of neural structures at the foramina [29, 30].
However, due to the well-documented rick factures asso-
ciated with cervical myelopathy this examination should
be reserved for specific circumstances where MRI will not
suffice.

6. Future Techniques

Intraoperative ultrasound has been described to be useful
during central corpectomy for compressive cervical myelopa-
thy. It is inexpensive and simple imaging modality. It is
helpful in identifying the vertebral artery and the trajectory
of approach [31]. However, ossification of the posterior
longitudinal ligament limits the use of this technique [31].
Development of advanced MRI techniques such as diffu-
sion tensor imaging has shown promise in intramedullary
microarchitectural analysis with improved imaging qual-
ity and increased lesion identification when compared to
conventional MRI [32]. Metabolic neuroimaging has been
described for image acquisition from the spinal cord. Find-
ings on high-resolution 18F-fluorodeoxyglucose positron
emission tomography (FDG-PET) have been compared with
clinical scores and findings on magnetic resonance imaging
in patients undergoing surgery for myelopathy [33]. FDG-
PET findings correlated with preoperative scores, postoper-
ative scores, and the rate of postoperative improvement, but
they had no correlation with high-intensity intramedullary
signal changes on T2-weighted images. The major limitation
of this technology is the poor resolution of PET scans.
Future technological advancements in PET scanning may
facilitate evaluation of early spinal cord damage and provide
indications for surgical intervention.
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