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Abstract

Cervical spondylotic myelopathy (CSM) is the commonest cause of non-traumatic paresis or paralysis in the
middle age-group and above. It is an insidious slowly progressive disease with variable presentations. The
commonest mode of presentation are neck pain, loss of fine movement of the hands and unsteady gait. Cervical
spine magnetic resonance imaging (MRI) is the investigative tool of choice and this demonstrate the state of the
disc, cord and neural tissue compression and help in decision making as regards management plan. The
mainstay of treatment is surgery. The choice and approach of surgery depends on clinical presentation and
findings from imaging. Though there is a role for conservative treatment in well selected group of patients but
surgical treatment takes into account, the aim of decompressing neural tissue (cord and or nerve root) with or

without stabilizing the spine.
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Introduction

Cervical spondylotic myelopathy (CSM) is the most
common non-traumatic cause of spastic paraparesis or
quadriparesisin adult from age 55 years and above'?.
Although the vast majority of individuals >50 years old
have radiologic evidence of significant degenerative
disease of the cervical spine, only a small percentage
will experience neurologic symptoms®. CSM s rare in
patients<40 years of age. It is a pathology that evolve
over time with huge challenges in the management of
these groups of patients in neurosurgical practices.
World-wide as the mean age and life expectancy
increase, a vast majority of the population would present
with this pathology*2.

There is a wide variability among patients with this
pathology in terms of clinical presentation, image
findings and this influence management approach?. The
mainstay stay of diagnosis is based on clinical findings
(history and physical examination) which is assessed
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with the findings on images such as cord compression
and signal changes at late stages of evolution.
Nevertheless, the diagnosis of CSM can be difficult
because the signs and symptoms can vary widely among
the population®3, Besides, onset of symptoms is usually
insidious, with long periods of fixed disability and
episodic worsening events. Some findings that can
commonly appear are gait spasticity, followed by upper
extremity numbness and loss of fine motor control in the
hands*. Surgical management of this pathology has
evolved with advances in technology and technical
know-how, and this has led to a significant improvement
in outcome. There is strong evidence showing that
surgery within one year from onset of symptoms
strongly improves outcome in patients with CSM*,

Generally, it is a common consensus that surgical
intervention positively impacts on the prognosis of CSM,
There must be a clear-cut selection criteria for the most
appropriate surgical technique. Factors such as the site of
neural tissue compression (cord or nerve root), cervical
spine alignment (lordosis, kyphosis) and patient-specific
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spinal biomechanics® determines the choice of
approaches (anterior or posterior).

Surgical Anatomy

The cervical spine is one of the 5 regions of the spine
and it is made up of seven vertebrae. It consist of a body,
pedicle and posterior elements with adjoining ligaments
and joints. The vertebra body is the largest and most
anterior part of the cervical spine. Posteriorly, two
pedicles and laminae form the vertebral arch. The
pedicle holds the posterior element to the vertebral body.
The junction where the pedicle and lamina join e ach
other is the transverse process, on each side of the
vertebral body, the transverse process has a foramen
which vertebral artery exit from C6 - C1. Other
processes of the vertebrae include spinous process in the
midline and four articular processes. Two adjacent
vertebrae are connected to each other by a ligamentous
structure called intervertebral disc which consist of inner
nucleus pulposus and a multilayer annulus fibrosus
which is weaker posteriorly. The main component of the
nucleus pulposus is glycosaminoghly can which consist
of over 90% water and it water content decreases as one
ages and this start the cascade of CSM. The cervical
spine has some unique features as shown in Fig.1.
Firstly, the first two vertebrae have distinct names, atlas
for C1 and axis for C2, reflecting their specialized
structure and function. C1 (atlas), which lacks the body
and spinous process, forms the atlanto-occipital joint as
it articulates with the condyles of occipital bone and this
is responsible for neck flexion and extension. C2 (axis)
has a vertebral body but it uniquely has a bony
protuberance stabilized by the transverse ligament called
odontoid process. C2 vertebra plays an important role of
supporting rotational movement of the neck. The other
vertebrae - C3 to C7 are similarly shaped and thus
grouped together as the lower cervical spine. These five
vertebrae house a vertebral body that is concave
superiorly and convex inferiorly and this is taking into
account when placing cage during anterior cervical
discectomy and fusion (ACDF). They also have
uncovertebral joints, Joints of Luschka, located between
the uncinate process and uncus projecting from vertebral
bodies of two adjacent levels. There is a cylindrical
apophyseal mass called the lateral mass, the popular site
for lateral mass screw instrumentation. Its close relations
include: existing spinal nerve and vertebral artery
anteriorly, the lamina posteriorly, the pedicle
anteriomedially, the transverse process anteriolaterally

and in its superior and inferior ends are the
corresponding articular facets. Overall, the flexibility of
the cervical spine accommodates a wide range of motion
and thus increases its vulnerability to injury®.

Anatomy — The Axis

e

Lower Cervical Vertebrae
Cc3-C7

Axial View

Fig. 1: A pictoral diagram of the cervical spine from Harold
Ellis Textbook of Anatomy

Pathophysiology
CSM was first described by Brain et al. in 19527. The

pathophysiology arises from a multi-factorial cascade. It
develops in almost all patients with >30% narrowing of
the cross-sectional area of the cervical spinal canal®
(although some patients with more severe cord
compression do not have myelopathy®1°,

This cascade of event starts with a process which usually
begins with the degenerative changes involving the
nucleus pulposus and subsequently the annulus fibrosus
which made up the intervertebral disc and thereafter
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leads to the collapse of the cervical discal space 123, As
result of the continuous motility and weight bearing
involving the reduced disc space, the endplates of the
adjacent vertebral bodies progressively super mechanical
stress and this leads to the formation of bony
osteophytes. These osteophytes are a natural adaptation
to increase the load-bearing surface of these endplates in
order to compensate for cervical spine hypermobility
secondary to disc degeneration. Uncinate process
hypertrophy occurs, encroaching on the intervertebral
foramina. Layers of annulus fibrosis are thinner dorsally,
leading to tears and disc material herniating posteriorly
into the cervical canal. Annulus fibrosus dissects away
from the PLL and endplates, the dorsal vertebral bodies
form reactive bone(sub-periosteal reaction) leaving
exposed bone encroach on nervous tissue®23. However,
it has been found that the posterior longitudinal ligament
(OPLL) ossification, most commonly seen in the Asian
race, can also lead to contribute to CSM**,

Several process have been described to explain how the
pathophysiological process comes about. These include:

Mechanical Factors. The repeated micro-trauma and or
macro-trauma to the spinal cord, induced by both static
and dynamic mechanical factors could lead to the
development of CSM. These factors combine to aspects
the spinal cord through two mechanisms: direct trauma
and ischemia®?.

Dynamic Mechanical Factors. Dynamic stressors refer
to the abnormal movement of the cervical spine during
flexion or extension, and this can contribute to spinal
cord injury in conjunction with static factors. Flexion of
the cervical spine may lead to compression of the spinal
cord against osteophytic bars while extension may lead
to compression against the hypertrophied ligamentum
ﬂavumlz* 13, 14_

Static Mechanical Factors. Narrowing the cervical
spinal canal have been attributed to the following factors
such as (a) the osteophyte formed decreases the
diameter of the spinal canal and it may lead todirect
compression of the spinal cord and subsequently result
clinically in varying pattern of neurological deficit. (b)
The hypertrophy of the ligamentum flavum, OPLL and
subluxation, and or kyphosis of the cervical spine may
result in narrowing of the spinal canal diameter with
resultant compression of the neural tissue. These static

factors identified above have severe consequence on
patients with congenital cervical canal stenosis®.

Ischemia. Degenerative changes involving the spine
could lead to compression of blood vessels that supply
the cervical spinal cord and proximal nerve roots
resulting in ischemia of the spinal cord. This may arises
from direct compression of larger vessels such as the
anterior spinal artery which supply anterior 2/3 of the
cord and results in reduction in the flow of the pial
plexuses as well as in small penetrating arteries which
supply the cord® % 16 In addition, impairment of cord
venous outflow resulting in significant venous
congestion which build up intra-neural pressure venous
flow, thus contributing to spinal cord ischemia. Studies
has pointed to vascular mechanism as the main factor
responsible for CSM. Some postmortem studies in
patients with CSM demonstrating abnormal histological
findings, such as spinal cord necrosis and gray matter
cavitations®. Furthermore, attributing to this fact, is the
region of CSM main involvement. The C5-C7 spinal
cord level is the most affected region correlating with the
area with the most vulnerable vascular supply 2 131516,

The dentate traction theory had also been used to explain
this pathophysiological process, thisstates that the spinal
cord is pulled laterally by the dentate ligament, which
are tensed by an anteriorspondylotic bar. This show the
effect of tensile strength in a degenerative spinal
elements?’.

These pathophysiological cascade can happen in
isolation or synergistically as it could encompasses the
whole processes causing CSM. Histologically, there is
degeneration of the central grey matter at the level of
compression, degeneration of the posterior columns
above the lesion (particularly in the anteromedial
portion), and demyelination in the lateral columns
(especially the corticospinal tracts) below the lesion.
Anterior spinal tracts are relatively spared. There may be
atrophic changes in the ventral and dorsal roots and
neurophagia of anterior horn cells®.

Clinical features

CSM can cause a variety of symptoms and signs.
Nevertheless none of them has been proven to be
pathognomonic. The onset of the disease is invariably
insidious. In the initial series reported by Brain et al., the
duration of symptoms ranged from 7 days to 26 years,
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and almost half of the patients presented symptoms for
more than one year at the time of diagnosis 7.

In a study involving 1,076 patients with CSM, gait
disturbance was the most common symptom *° and
Spastic gait was one of the first symptoms, followed by
upper extremity numbness and loss of fine motor control
of the hands. Other common symptoms of CSM are neck
pain, as well as referred pain in the shoulder or
subscapular area. Furthermore, it has already been
shown that one-third of patients with neck pain due to
CSM present with headache and greater than two thirds
may present with unilateral or bilateral shoulder pain. A
significant number of these patients also present with
pain radiating to the arm, forearm and hand with long
periods of remission?. Upper motor neuron findings
such as spasticity, hyperreflexia, clonus, Babinski, and
even bowel and bladder dysfunction may also be present.
These findings often occur together with lower motor
neuron findings, such as hyporreflexia and atrophy in the
upper extremities. Numbness or paraesthesias in the
upper extremities is usually nonspecific, although
dermatomal sensory complaints can occur from a
coexisting radiculopathy. Sensory changes in the lower
extremities is also common and typically involve the
dorsal columns. Furthermore, motor weakness as well as
gait impairment, are also commonly present 3:1% 2L,

Clustering of CSM into these 5clinical syndromes has

been described 2%

1. Transverse lesion syndrome: involvement of
corticospinal, spinothalamic tracts and posterior
columns.  The anterior horn cells are
segmentallyinvolved. It is the most frequent of all
syndrome, possibly an “end-stage”of the disease
process.

2. Motor system syndrome: This usually involves the
corticospinal tract and the anterior horn cells with
minimal or no sensory deficit. The pattern of
presentation is that of a mixture of lower motor
neuron findings in the upper extremities and upper
motor neuron findings (myelopathy) in the lower
extremities which can mimic amyotrophic lateral
sclerosis (ALS) which is a differential of CSM.
Reflexes may be hyperactive below the area of
maximal stenosis (including the upper extremities),
seldomly it begins several levels below the canal
stenosis

3. Central cord syndrome: motor and sensory deficit
affecting the upper limbs more than the lower limbs.
This is characterized by dysfunction of the

watershed areas located centrally within the cord,
which may be responsible for prominence of hand
symptoms  (results in  “numb-clumsy hands”
presentation). Lhermitte’s sign may be more
common in this group.

4. Brown-Séquard syndrome: this is associated with
asymmetrical narrowing of the canal with the side of
greater narrowing producing ipsilateral corticospinal
tract (upper motor neuronweakness) and posterior
column dysfunction with contralateral loss of pain
and temperature sensation

5. Brachialgia and cord syndrome: radicular upper
limb pain with lower motor neuron weakness, and
some associated long tract involvement (motor
and/or sensory)

Imaging Diagnosis

The diagnosis of CSM often includes cervical
radiographs or CT-Scan which may demonstrate
osteophyte formation, a bnormal alignment and reduced
disc space(Fig 2). Nevertheless, Magnetic resonance
imaging (MRI) of the cervical spine (Fig. 3) still remains
the most useful diagnostic tool?®. MRI provides
information about the state of the spinal cord, the
ligaments, and the intervertebral discs, MRI may also
help to rule out other differential diagnoses, such as
spinal cord tumors or syrinx. Furthermore, T2-weighted
hyperintensity at the level of spinal compression has also
been shown to correlate with CSM severity and has been
supposed to be an important prognostic factor. Such
findings are thought to represent edema and
inflammation*2232*, However, T1-hypointensity has been
shown to be a more severe sign and this connote
ischemia, gliosis, or myelomalacia and it correlate with
worst outcome after surgical intervention 2% 2627,

-
Fig. 2: This is a lateral view C-Spine X-ray of a 54 year old
man who presented to our clinic with myeloradiculopathic
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symptoms and signs and the radiograph showing straightening
of the spine, degenerative changes, bony osteophyte and
reduced disc spaces

Fig. 3: This is a T2-Weighted sagittal MRI of the above
described patient in Fig. 2 showing kyphotic deformity, C3/4,
C4/5 disc herniation, with cord compression and signal
changes

Surgical Management

Except for the mild case of CSM in few clear-cut cases,
surgery is the mainstay of treatment of moderate and
severe CSM.Most treatment guideline recommend
operative over conservative therapy for moderate to
severe cases of CSM unlike the mild case in which the
conservative approach may suffix. The surgical
management of CSM has evolved beginning with the
classical anterior cervical discectomy and fusion
(ACDF) procedure popularized by Cloward?® and Smith
and Robinson [29]. Other techniques, such as posterior
laminectomy and fusionprocedures, as well as a vast
number of laminotomy surgical techniques have been
mentioned in literature? 24 28.2° The aim of the surgery
is to decompress neural tissue, stabilize spine and correct
deformity whenever necessary. This can be broadly
divided into anterior, posterior or combined surgical
approaches otherwise called 360 degree approach. Other
critical factors that need to be considered include to
maintain or restore the alignment of the cervical spine,
maintain permanent stability and fusion. Advantages,
disadvantages, and limitations of each approach must be
known by the surgeons and clearly explained to the
patient pre-operatively'? 2% 24.2%.

The selection of the appropriate surgical approach
requires that every patient be evaluated individually and
surgical approach based on its own merit. However,
factors such as the sagittal balance and number of levels

to be addressed may have strong influence on choice of
surgery. For instance, patients with loss of cervical
lordosis (kyphotic deformity) should not be considered
for laminectomy without fusion or laminoplasty*? 23,

Anterior Surgical Techniques for CSM. This is
indicated in anterior compression of the spinal cord
probably caused by disc protrusions and or marked bony
osteophyte. Advantage of this approach is the ease in
restoring the cervical lordosis in instances where the
kyphosis exacerbates the spinal cord compression or
when loss of cervical lordosis is a contra indicated for
laminoplasty® 3. This approach aid the resection of the
osteophyte, disc and help in placement of an interspace
graft thereby removing ventral pathology and restoring
normal lordosis®® 3% 34, However, corpectomy may be
indicated when large osteophytes extend behind the
vertebral bodies and also for patients with calcification
of the posterior longitudinal ligament 3% 3% 34 Vaccaro
etal in their study highlighted thee ect of the number of
vertebral bodies resection on the rate of nonunion. Early
instrumentation failure was seen in 9% of patients with
2-level corpectomies with bone graft and ventral
instrumentation. Nevertheless this failure rates increased
up to 50% in patients who underwent 3- or more level
corpectomies 3 3. 37 Anterior cervical discectomy and
fusion (ACDF) of 1-3 levels has been reported in several
literature to be safe and effective in decompressing
ventral pathology. However, when done for more than
three levels or in case of more than 2 corpectomies, the
rate of further complications (fracture, graft extrusion
and pseudoarthrosis) increases significantly and
posterior instrumentation is an essential step to avert
these complications 2% 3839,

Surgeries done through the anterior approach include the
anterior cervical discectomy (ACD) and with fusion
(ACDF). ACDF can be done with or without
instrumentation.

ACDF involves the use of a spacer which is inserted to
aid fusion of the cervical spine after discectomy. Studies
have shown no difference in fusion rate by comparing
ACDF with ACD based on Level | evidence®. A
retrospective and prospective series involving multiple
non-randomized studies showed that discectomies
without fusion are inferior to ACDF due to the increased
likelihood of postoperative kyphosis and prolonged
cervical pain®. Kyphosis should not be the sole criteria to
determine the superiority of one anterior technique over
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the other, especially since we still do not know the long-
term consequences of kyphotic deformity °. Apart from
the risk of deformity, many different a recent a
multicenter meta-analysis studies point to ACDF as
superior to ACD in terms of fusion rate, functional
outcome, and disc space collapse* 2. On the other hand,
other randomized controlled trials did not agree that
there is a significant difference in clinical outcome
between patient populations treated with these two
methods ~ACDF or ACD? %2,

ACDF With or Without Instrumentation

ACDF can be performed with or without
instrumentation. The advantages of instruments such as
plates and screws include graft extrusion, accelerate
fusion and stability without the use of external support
most especially in multi-level discectomies. At least in
single-level cases, instrumentation is rarely done and
often reserved for those with anticipated low fusion rate
such as those with advancing age, prolong smoking
history and osteoporosis as seen in postmenopausal
women'®. ACDF alone already boasts a high success rate
of about 90% irrespective of instrumentation. But among
these patients without plating, it has been shown they
may likely require re-operation due to pseudoarthrosis
and worsening symptoms thus emphasizing the
importance of instrumentation as adjunct to ACDF'-1&
Some authors have raised concern that patients who had
plating stands a risk of injury to the soft tissues like the
esophagus, postoperative dysphagia, or develop adjacent
level disease requiring a higher cost of treatment and
lengthening  operative  time!®20,  Acute  trauma,
reoperations, and history of adjacent segment fusion are
strong indications for instrumentation. Smoking,
nonsteroidal anti-inflammatory drug use, and menopause
may also warrant the use of cervical plates due to
increased rates of pseudarthrosis. Smoking remains to be
one of the main predictors of pseudoarthrosis following
spinal surgery?.

Hardware failure is another contentious issue in making
a decision in the use of instrumentation instead of ACDF
alone. But this risk have shown to reduced due to use of
load sharing dynamic plate instead of static plate as
shown by Li et al. Dynamic plates take advantage of the
Wolff’s theory which postulates that increased axial
load-sharing promotes fusion.?.

In addition to dynamic plates, low-profile angle-stable
plates and plates with smaller locking screws are among

the recent developments in fixation technique.
Biodegradable plates and screws that can be resorbed are
also a promising alternative with no significant long-
term consequences to date. Although many have taken a
conservative approach regarding plating, these newly
developed plates have the potential to make fixation a
more appealing option for a broader spectrum of
patients?.

Disc Replacement- Autograft or Allograft or
Synthetic Materials??. Disc replacement involves the
use of graft to promote fusion of the operated
discectomy region in the cervical spine. The grafts can
be obtained from the patient’s own body (autogragt)
such as the tricorticate iliac crest bone or ribs or
vascularized fibular graft. It can be cadaveric from bone
bank (allograft) which is presently not done. Though the
two types of graft are both effective for fusion, neither of
them are entirely free from complications. Though they
have long been considered the gold standard, autografts
are commonly associated with donor site pain, infection
and as well as fracture of the donor site. Allografts could
present with recipient immunological reactions, necrotic
graft and delayed fusion when compared to autograft
thus requiring the use of plates. Alternatives to both
include the use of ceramics, hydroxyapatite, and
tricalcium phosphate which have gained a widespread
use for their high biocompatibility and satisfactory
ability to stimulate fusion®.

Intervertebral cage have found a place as a synthetic
means of disc replacement. Various types of
intervertebral cages have been developed and
subsequently used as cervical implants to avoid
complications associated with either autograft or
allograft associated with traditional grafts in addition to
ensuring high fusion rate. Studies have shown these
cages to preserve disc height, facilitate the fusion
process and promote additional stability. The synthetic
interbody cages currently available include cages made
of poly-ether-ether-ketone (PEEK), porous tantalum, and
zero-profile anchored spacers which could be
expandable with advantage of been adjusted to fit to the
disc space. Studies have shown that low-profile PEEK
cages may reduce esophageal damage because its
placement is limited to the confinement of the
intervertebral disc space.?.
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Posterior Surgical Techniques for CSM. There are two
major posterior approaches namely laminectomy (with
or without fusion) and laminoplasty.

Posterior approaches most often are indicated in the
pathology that is located at the posterior portion of the
spinal canal such as in cases of hypertrophied redundant
ligamentum flavum. Posterior decompression is also
useful in cases of anterior compression as it indirectly
decompresses the spinal cord by enlarging the cervical
canal. Posterior procedures over several advantages for
the treatment of CSM when compared to anterior
approaches. These advantages include that they may not
require fusion of the spine, it allow direct visualization
of the spinal can aland aid wide decompression of spinal
cord and nerve roots. These procedure has its drawback
as procedures such as laminectomy without fusion and
laminoplasty which can result in the development of
spinal instability or post-laminectomy kyphosis and does
not allow primary resection of ventral pathology.

Laminectomy (with and without Fusion). This
technique for posterior decompression of CSM is
laminectomy without fusion is historical and oldest. The
major postoperative complication of such approach is
post-laminectomy instability with kyphotic deformity.
Patients at risk of this complication are those who
present with signs of pre-existing instability and those in
which aggressive facet resection was performed with this
group of patients requiring instrumentation for
stabilization at the time of the laminectomy is done?°2,
Instrumentation using lateral mass screw and rod aimed
to stabilize the cervical spine and maintain normal
lordotic configuration. As regard posterior spine
instrumentation previous techniques such as interfacet
wiring have been replaced by lateral mass and pedicle
screw fixation 5 %, Instrumented fusions are associated
with risk of neural injury, adjacent segment degeneration
and vertebral artery injury*? 555,

Laminoplasty. Laminoplasty has been popularized in
several Japanese literature in view of the high prevalence
of CSM related to OPLL. Several types have evolved
and these include The “open-door” technique was
popularized in 1970s by Hirabayashi and this have
undergo technical modifications over the years® 57 %,
Advantage of laminoplasty is in the preservation of the
bony posterior elements and thus decreases the risk of
post-laminectomy kyphotic deformity in comparison
with laminectomy without fusion. In comparison with

laminectomy with fusion, laminoplasty has a decreased
incidence of adjacent-level degeneration by preserving
normal cervical range of motion® . Some literatures
have suggested that fusion significantly reduces neck
pain in patients with stenotic myelopathy®. However,
other literature have shown no clear evidence that
laminectomy with fusion is better than laminoplasty in
reducing neck pain in patients with CSM®°,

A careful evaluation of the CSM patient and judicious
use of outcome scales such as the Modified Japanese
Orthopaedic ~ Association ~ Score  for  cervical
Myelopathy®® or Nurick grade of disability from cervical
Spondylosis®? are available for initial assessment as well
as for outcome measurement to determine effectiveness
of treatment®3,

Conclusion

Cervical spondylotic myelopathy is a common
degenerative disease of the spine which may result in
disabling deforming and neurological compromise with
huge burden to the patient and caregivers. The clinical
findings are variable and mainly insidious. Clinical
evaluation, dynamic and static X-rays, as well as MRI
are important tools in the preoperative evaluation as well
as making decision for surgery. The choice and approach
of management is based on patient’s clinical condition,
imaging findings as well as the technical knowhow of
the surgeon. Early surgical intervention irrespective of
mild myelopathy with clear-cut indication improves
long-term functional recovery.
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