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Abstract

Cervical myelopathy is a well-described clinical synd​rome that may evolve from a combination of etiological mechanisms. It is traditionally classified by cervical spinal cord and/or nerve root compression which varies in severity and number of levels involved. The vast array of clinical manifestations of cervical myelopathy cannot fully be explained by the simple concept that a narrowed spinal canal causes compression of the cord, local tissue ischemia, injury and neurological im​pairment. Despite advances in surgical technology and treatment innovations, there are limited neuro-protective treatments for cervical myelopathy, which reflects an incomplete understanding of the patho​physiological processes involved in this disease. The aim of this review is to provide a comprehensive overview of the key pathophysiological processes at play in the development of cervical myelopathy. 
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Core tip: The pathophysiology of cervical myelopathy involves a combination of mechanical static and dynamic factors, triggering a cascade of biomolecular changes to include ischemia, excitotoxicity, neuroinflammation and apoptosis. Development of targeted neuro-protective treatment strategies, specifically modulating these molecular pathways, may optimize neurological recovery following surgical decompression. The aim of this review is to provide an overview of the pathophysiological processes at play in the development of cervical myelo​pathy. 

INTRODUCTION

Cervical myelopathy is the most commonly reported spinal cord pathology globally in the > 55 years age cohort[1-3]. Twenty-five percent of spinal cord dysfunction in the Unitd Kingdom is caused by cervical spondylotic myelopathy[4]. The exact biostatistics in relation to the disease remains unknown, however there exists a male preponderance at a ratio of 2.7:1[5]. Originally detailed by Stookey[6] in 1928, compression of the cord by carti​laginous degenerative disc nodules was the primary pathogenic mechanism attributed to this disorder. The key neuropathological characteristics of cervical myelopathy include cystic cavitation, gliosis, Wallerian degeneration of descending and ascending tracts, and loss of anterior horn cells[7,8]. 

Clinically, cervical myelopathy presents as pro​gressive spinal cord impairment. Symptoms include distorted proprioception, weakness and paresthesia of the hands, spasticity of the lower limbs with resultant gait disturbance, and pyramidal and posterior cord dysfunction[9]. In addition to motor and sensory sequ​elae, neuropathic pain and functional limitations can be devastating, resulting in significant physical and socioeconomically restrictions for previously healthy individuals. Thus, there exists an urgent requirement to clearly define the pathobiology of the cervical myelo​pathy to assist discovery of translational interventional strategies.

Researchers have previously postulated that a narrowed spondylotic spinal canal causes compression of the enclosed cord potentially causing local neural ischemia and neurological impairment. The aetiology of cervical cord compression is multifactorial with con​tributions from disc herniation alone; and osteophy​tic spur overgrowth in the spinal canal referred to as spondylosis. A decrease in vertebral canal diameter as a consequence of age-related degenerative changes of the joints, intervertebral discs, and ligaments of the cervical vertebrae, significantly contributing to cord compression[1]. Infolding of the ligamentum flavum and facet joint capsule can distort spinal canal anatomy and foraminal dimensions[10]. However, this simple anatomic model has been challenged by falling short of explaining the array of clinical presentations in cervical myelopathy, specifically development of neurological impairment in the absence of static spinal cord compression[11]. Whilst the aetiology of cervical myelopathy is thought to be multifactorial including contributions from age-related degeneration, mechanical stress and biochemical factors, a genetic predisposition has been revisited, due to recent evidence of familial clustering in population studies[12].

Despite advances in the surgical management of cervical myelopathy in addition to earlier diagnosis facilitated by advances in diffusion tensor magnetic resonance imaging (MRI) and kinetic MRI, a signifi​cant proportion of patients suffer residual neurological sequele as a consequence of irreversible cord injury[13-17]. Thus, implementation of neuro-protective interventions as an adjunct to surgical decompression may optimise patient outcomes for cervical myelopathy.  

THE ANATOMIC BASIS OF CERVICAL SPONDYLOTIC MYELOPATHY

In the context of progressive age-related degenera​tive changes, clinically significant cervical spondylotic myelopathy typically presents in late adulthood. These changes include cervical disc degeneration, osteo​phytic spur formation and transverse bar formation and osteoarthritic facet hypertrophy. Age-related dege​nerative changes with respect to supporting ligaments include posterior longitudinal ligament calcification and ligamentum flavum thickening[18-22]. The concept of dynamic stenosis represents progressive impingement on the spinal canal, resulting in transient spinal cord compression during physiological cervical range of motion. However, in some cases, dynamic stenosis may evolve into static compression of the spinal cord, manifesting clinically as classic cervical spondylotic myelopathy.

MECHANISMS OF CERVICAL MYELOPATHY 

Although the specific pathophysiological mechanisms contributing to cervical myelopathy remain ambiguous, it is considered a manifestation of long-tract signs resu​lting from multifactorial compression on the cervical spinal cord[10]. Key factors in the development of cervical myelopathy are categorized as either static or dynamic mechanical factors, resulting in direct injury to neurons and glia, which in turn triggers a cascade of secondary cellular mechanisms (Table 1)[1,23].
Static mechanical factors 

Spondylosis and disc degeneration: Progressive cervical spondylotic changes are a key feature in the pathogenesis of cervical myelopathy due to an increase in the compressive extrinsic canal forces (Figure 1). With advancing age, the intervertebral discs cannot bear load due to a combination of factors to include medial splitting of the disc and gradual loss of the nucleus pulposus. It is this disc degeneration that sti​mulates a cascade of progressive changes resulting in cervical canal stenosis and the development of cervical spondylotic myelopathy[24]. Anterolateral unco​vertebral process flattening increases the load imposed on vertebral articular cartilage. This promotes the development of osteophytic spurs. A combination of osteophytic spur overgrowth ventrally and buckling of the ligamentum flavum posteriorly, can lead to a circumferential mechanical compression of the spinal cord inducing cervical myelopathy[25]. Additionally, the conformational change in bony structures can compromise the integrity of the vertebral artery and spinal nerve leading to demyelination of ascending and descending tracts and chronic pain[1]. Radiological assessment is key, as it assists differentiation of disk-related neck pain, radiculopathy, and myelopathy. Imaging, in the context of pre-operative planning, also aids localization of the site-specific disease[26]. Compared with other radiological studies MRI provides an overview of both bony and soft tissue architecture including intervertebral discs, supporting ligaments, and neural structures. Dynamic weight bearing (kinetic) MRI has been hailed as the gold standard modality for cervical spondylotic myelopathy[15,27]. Myelopathy is represented radiographically with increased cord signal on T2-weighted MRI and a decreased signal on T1-weighted imaging[28]. Diffusion tensor imaging (DTI) improves pathologic specificity by measuring directional diffusivities, which quantify water diffusion parallel and perpendicular to the white matter tracts[16,29]. A recent study of the role of DTI in cervical spondylotic myelopathy suggested that DTI may elucidate path​ology of the spinal cord before the development of T2 hyperintensity imaging and thus may be a superior imaging modality in the future[13]. 
Ectopic ossification of spinal ligaments: Ectopic ossification and calcification of spinal ligaments has also been attributed to the development of spinal canal stenosis and the onset and aggravation of myelopathic symptoms[1,30]. Ossification of the pos​terior longitudinal ligament (OPLL) is a common pathology[20,31]. Pathological compression by OPLL commonly presents with severe myelopathy and can lead to quadraparesis[32]. The natural course of OPLL suggests a degenerative process as a consequence of environmental factors such as accumulative extrinsic loading on the spine and genetic predisposition. In vivo studies involving the Yoshimura mouse, which develops ossification of the posterior ligaments akin to human OPLL, has identified a mutation within the nucleotide pyrophosphatase (NPPS) gene[31]. Defective NPPS results in reduced production of pyrophosphatase, permiting ectopic ossification of spinal ligaments. Recent genetic studies involving the human NPPS locus have identified female sex, age (< 35 years) and severe ossification (> 10 ossified vertebra) correlated with susceptibility to and severity of OPLL[33]. Further studies involving the Zucker fatty rat have propose a role of a missense mutation in the leptin receptor gene in the promotion of ectopic ossification[34]. Thus, it is credible that NPPS and leptin receptor genes function in synergy in the pathogenesis of ectopic ossification and myelopathy. In light of these novel findings, there is a requirement to investigate this association in human OPLL.
It has been postulated that stenosis and subsequent cord compression may occur as a consequence of ossi​fication of ligamentum flavum (OLF)[21]. The major diagnostic difference is grossly anatomical. In OLF, calcifications allow ligamentum flavum to fuse with adjacent lamina, whereas in OPLL the ligament adheres to the posterior aspects of the vertebral bodies and intervertebral discs. Despite this anatomical disparity, studies report the role of bone morphogenic protein-2 and transforming growth factor- in matrix hyperplasia and ossification in both OPLL and OLF[35]. 

Congenital spinal canal stenosis: It is reported that cervical stenosis has an incidence of approximately 4.9% of the adult population[36]. Cervical stenosis is influenced by two factors: (1) degenerative cervical spondylosis; and (2) a developmentally narrow canal. Recent cadaveric studies have revealed that females patients and individuals over 60 years old, have narrower canals[37]. The presence of congenital or developmental canal stenosis is highly predictive of later myelopathic cord dysfunction[1]. The normal anteroposterior dimenions of the subaxial canal has been reported as 17-18 mm between C3 and C7[38,39]. Numerous MRI studies have concluded that a congenital sagittal spinal canal diameter of < 13 mm is predictive of development of cervical spondylotic myelopathy (CSM)[18,40]. The shape and cross-sectional area of the cord are important in​dependent predictors of the development of CSM and specifically, of neurologic deficit. A transverse area of cord < 60 mm2 and a banana-shaped cord have both been correlated with the clinical presentation of myelopathy[41,42]. The anteroposterior compression ratio (AP) is calculated by dividing the anterior-posterior diameter of the cord by the transverse diameter of the cord (Figure 2)[43]. It has been suggested that an AP ratio < 40% is representative of substantial flattening of the cord and strongly predictive of significant neurologic dysfunction[43]. MRI has been reported as the most accurate method to quantify spinal canal diameter as it assesses both the bony and soft tissue components when estimating spinal canal diameter. This is particularly relevant in the context of CSM whereby central stenosis is often multifactorial to include both bony and soft tissue pathology, e.g., osteophytic spurring, OPLL and posterior disc protrusion[44,45]. Spinal MRI for assessment of CSM should include imaging sets obtained in the axial and saggital planes using a combinations of T1-weighted, and T2-weighted sequences. Fast spin-echo MRI is the best modality to diagnose disc fragments and osteophytes[46].
Dynamic mechanical factors

Dynamic canal space narrowing: It is intuitive that the extent of dynamic mechanical compression of the spinal cord could be significantly manipulated by movement of the cervical spine. During extremes of flexion and extension, a dynamic canal space of < 11 mm has been reported as a critical level for spinal functioning and is strongly predictive of cervical myelo​pathy[38,47]. Hyperextension of the neck causes canal narrowing by inducing buckling the ligamentum flavum and shingling the laminae. This “pincer effect” induces spinal cord compression between the inferior surface of one vertebra and the lamina or ligamentum flavum of the adjacent vertebra[23,47]. In flexion, the spinal cord lengthens and takes a more anterior position in the canal. If the cord impinges against a disc or vertebral body anteriorly, this will induce a higher intrinsic pressure, resulting in increased axial tension and potential ischemic injury[19]. 
Effects of stretch and shear: Studies suggest that stretch-associated injury is a major contributor to myelopathy. This claim is supported by evidence in numerous experimental models to include neural injury, tethered cord syndrome, and diffuse axonal injury[11,48,49]. During flexion/extension movements of the spine, elongation of the canal results in longitudinal strain of the spinal cord[50]. This is consistent with Euler’s Theorem, which implicates distraction of the complex portion of a structure that is placed in a flexion mode. The cord can stretch up to a quarter of its length which can correspond to an elongation of 17.6 mm measured at the level of the cervical spine during neck flexion. The increased stretch at this level results in a significant cord compression, translating to increased stress in the white matter and higher stress in gray matter[51]. This is further compounded by craniocervical flexion, which results in longitudinal transmission of stretching force and increases in intramedullary pressure in the lower cervical spine[48]. The rapid occurrence of low-grade mechanical stretching on neural tissues can exceed the biomenchanics of the tissue. This can lead disruption of the tissue and may result in transient or permanent neurological injury. Dynamic forces induced by flexion and extension of the spinal column contribute to axial cord strain with potentially detrimental stretch-induced axonal injury[11]. Cadaveric studies have demonstrated that ongoing longitudinal strain, even within physiological limits, will eventually surpass its material tolerance thereby permitting neurological injury[19]. In canine models, the elastic modulus of the spinal cord tissue decreases with increasing load. The canine spinal cord stripped of pia begins to rupture at a strain close to that developed in the cervicothoracic spinal cord of humans. Deleterious stresses to the spinal cord should be viewed in aggregate and in the context of movement. In the absence of repetitive movement, viscoelastic relaxation of the spinal cord mitigates stress resulting from deformation[52]. In a dynamic formulation, cord deformation form an osteophytic spur or calcified disc herniation adds abnormal plane loading and shear to strain resulting from flexion at the craniocervical and cervicothoracic junctions, significantly increasing overload stress.  
The neurobiology of stretch-associated axonal and myelin injury is now understood as a result of work in primates and other animals and from studies of diffuse axonal injury in the human brain. Numerous studies have reproducibly demonstrated that axonal injury frequ​ently occurs at sites of maximal mechanical stress and occurs as a series of recognized events: Myelin stretch injury, altered axolemmal permeability, calcium entry, cytoskeletal collapse, compaction of neurofilaments and microtubules, disruption of anterograde axonal transport, accumulation of organelles, axon retraction, bulb formation, and secondary axotomy[11,53,54].
There is clearly support for the contention that myelo​pathy increases in the presence of abnormal or excessive motion in the neck[55-57]. It should also be noted that stress is multifactorial and may include elements of gliosis within the spinal cord, acute and chronic changes in cord compliance, and altered gray and white viscoelastic relaxation gradients[51]. Understanding the deleterious effects of abnormal/excessive neck motion highlights the need to eliminate deformation of the spinal cord by minimizing abnormal mobility, and restoring normal sagittal spinal cord contour. 

Cellular mechanisms involved in cervical myelopathy

Sufficient pathophysiologic parallels between traumatic spinal cord injury (SCI) and cervical myelopathy have been identified to warrant a brief discussion of these novel mechanisms[58]. It has been proposed that primary mechanical injuries caused by static and dynamic forces to include compression, shear and distraction, induce a secondary injury at the molecular level. Several cellular mechanisms pertaining to these secondary injuries are discussed briefly to include ischemia, glutamatergic toxicity, neuroinflammation and apoptosis (Figure 3)[59-65].

Ischemic injury: Recent studies propose that pro​gressive ischemia of the spinal cord may be central to the origin of cervical myelopathy[36]. The association of ischemia and myelopathy was first hypothesised from the observation of hyalinization and hypertrophy of the walls of the anterior spinal artery upon post-mortem histologic evaluation[66]. Later post-mortem studies of symptomatic cervical myelopathy patients demonstrated further abnormal histologic findings, to include spinal cord ischemic necrosis. Further evidence to implicate spinal cord ischemia in the pathogenesis of cervical myelopathy is that the lower cervical spinal cord, the commonest site of cervical myelopathy, also has the most vulnerable blood supply[67]. 
Ischemia of the cord secondary to compression was later proposed following experimental observations in canine models. These studies exposed the vulnerability of corticospinal tracts in ischemia conditions and the development of intramedullary cavitation secondary to peripial arterial plexus ischemia[66,68-70]. The use of balloon catheters to assess spinal compression in mon​keys revealed hypoperfusion through the transverse arterioles originating from the anterior sulcal arteries and intramedullary branches in the central gray matter, upon anterior and posterior compression[71]. At the cellular level, there is evidence to suggest that oligodendroglia may be hypersensitive to ischemic injury and can apoptose after acute trauma[61,72,73]. These mechanisms may contribute to the demyelinating process observed in chronic cervical myelopathy[74]. The role of ischemic injury has also been proposed with evidence of edema and gliosis represented on MRI. T2-weighted MRI can detect high-intensity signal change, and demyelination and necrosis detected as a hypoenhancement on T1-weighted MRI[75]. MRI changes are an important prognostic indicator. The high intensity signal change seen on T2 images are associated with pathologies that are potentially reversible whereas the low intensity changes seen on T1 images are not. However, it has been proposed that all signal change on MRI is indicative of significant underlying pathology as it is representative of extensive neuronal hypoplasia, glial cell substitution of stroma, and white matter degradation[76].

Disruption of the blood-spinal cord barrier: It has been postulated that the ongoing cord compression observed in cervical myelopathy results in remodelling of the spinal cord[36]. This conformational change may result in endothelial cell loss and dysfunction of the local vasculature[7]. Damage to endothelial cells from resultant ischemia may also impact the integrity of the blood-spinal cord barrier (BSCB). BSCB dysfunction is accompanied by a disruption in vascular permeability leading to cord edema. BSCB permeability in neurotrauma is viewed as a detrimental event to the central nervous system (CNS), secondary to entry of blood-borne inflammatory mediators and increased edema. However, CSM animal models examining mechanisms of BSCB dysfunction and neuroinflammatory responses, remain incomplete.
Glutamatergic toxicity: Glutamate is the major ex​citatory neurotransmitter in the human CNS. Excito​toxicity is the capacity of excitatory neurotransmitters to control apoptosis of neuronal and oligodendrocyte cells. In the clinical setting these cellular changes have been observed in multiple neuropathologies to include cerebrovascular accidents, traumatic spinal cord injuries and seizural activity[77]. Secondary excitotoxicity refers to neuronal and oligodendrocytic dysfunction mediated by glutamate. It is activated by fluctuations in neuronal metabolism, and has been associated with an array of chronic neurodegenerative diseases[77,78]. Researchers have proposed two structural properties specific to motor neurones that may increase their susceptibility to neurodegeneration. Calcium-mediated toxic events increase their susceptibility to neurodegeneration due to underexpression of both calcium binding proteins and GluR2 AMPA receptors. Based on these findings, future innovations may focus on targeting glutamate receptors in chronic neurodegenerative diseases.
Apoptosis: Apoptosis is defined as programmed cell death, recognised following ischemic and traumatic injury to the CNS[72,79-81]. Decreased perfusion and subsequent ischemia may be important pro-apoptotic events in cervical myelopathy, given the hypersensitivity of neurons and oligodendrocytes to ischaemic injury. In traumatic SCI, there is thought to be a cascade of degenerative changes at the lesion epicentre and demyelination of tracts distant to the injury[61]. The delayed degeneration of anterior horn cells in cervical myelopathy may reflect the effects of apoptosis. It is postulated that axonal degeneration is preceded by oligodendrocyte apoptosis in cervical myelopathy. This series of cellular events has been observed in histological analysis of in vivo models of spinal cord compression, whereby intact demyelinated axons have been observed in the presence of apoptotic oligodendrocytes[58,82]. This is of major therapeutic significance given recent evidence supporting the anti-apoptotic role of novel pharmocolgic inhibitors of the calcium-activated calpain, c-Jun N-terminal kinase and Fas-mediated apoptotic pathways[2,83,84]. Targeting these pro-apoptotic receptors in patients with cervical myelopathy may be employed as neuro-protective treatment strategies in attempt to to diminish the degree of neural degeneration.
Neuroinflammation: Although neuroinflammation is considered integral to wound healing in the setting of neurotrauma, recent evidence suggests that the inflam​matory response is a key player in the pro-apoptotic pathway following this event[85]. It is becoming apparent that the innate and adaptive immune responses to acute spinal injuries and chronic cervical myelopathy are dissimilar. Unique to cervical spondylotic myelopathy is a slow inflammatory process, driven by chronic progressive inflammation[86]. Recruitment of neutrophils, monocytes/macrophages, and lymphocytes has been demonstrated in a human model of CSM[2]. However, the identity of the beneficial and detrimental inflammatory mediators in this process remains unknown. Future modulation of this inflammatory cascade has the potential to provide a basis for development of therapeutics for chronic spinal compression disorders. 
Effect of neuromodulators on CNS microvascu​lature: Studies regarding the neurovascular compli​cations of cocaine (benzoylmethylecgonine) report that its use exacerbates and accelerates the natural history of neurological pathology. Cocaine is a serotonin-norepinephrine-dopamine reuptake inhibitor that acts as a powerful CNS stimulant. The compound produces vasoconstriction of the CNS microvasculature, including the anterior spinal artery. Additionally, cocaine primes the responsiveness of platelets to arachidonic acid, leading to an increase in thromboxane release and platelet aggregation. Both these mechanisms independently contribute to infarction of the CNS microvasculature, including the spinal cord. 
Recent studies have demonstrated a positive corre​lation between cocaine abuse and CNS infarction of the middle cerebral artery, vertebrobasilar artery territories, anterior spinal artery, and lateral medulla. However, there is a paucity of data relating to the chronic sequelae of cocaine use on the neurological microenvironment. Studies have demonstrated moderate and persistent alterations in cerebral and spinal blood flow and incr​eased incidence of cerebral vasculitis among cocaine users. A recent study sought to establish the effect of chronic cocaine use on post-operative neurological recovery following surgical decompression of the cervical spine in a cohort of 95 patients diagnosed with sympto​matic cervical spondylotic myelopathy[87]. The ability of the spinal cord to heal after surgical decompression is based on the intrinsic ability of the spinal cord to heal itself. Thus, the pre-operative health of the cord is paramount to post-operative improvement. This study revealed that chronic cocaine users had poorer post-operative neurological recovery than non-users and adds further credence to the negative impact of cocaine on spinal cord integrity. These data may influence pre-operative counseling and patient selection in attempt to optimize outcomes following surgical decompression for cervical myelopathy.

Smoking has been identified as a common risk factor for spinal degenerative diseases[88]. A recent in vitro study investigating the effects of nicotine exposure on nucleus pulposus proliferation and extracellular matrix synthesis demonstrated a significant anti-proliferative effect[89]. This suggests that nicotine may contribute to the pathogenesis of vertebral disc degeneration and the development of cervical myelopathy however, further in vivo studies are required to elucidate its role at the molecular level.

Genetic predisposition to cervical myelopathy

The role of heredity in the development of cervical myelopathy was first suggested by Bull et al[90] in 1969. Upon evaluation of several hundred cervical spine radiographs, the authors observed a higher prevalence of simultaneous CSM among twins. MRI of the spines of 172 monozygotic and 154 dizygotic twins revealed that heritability accounted for almost three-quarters of all findings, among a cohort of patients with severe CSM[91].

Flourishing interest in the role of heredity has been supported by evidence of families with a high incidence of CSM[92,93]. The authors’ imply that these cases may represent extreme cases of genetic influence or it may depict the presence of a separate entity classified as “familial cervical spondylosis”. 

Previous studies have suggested a correlation between variants of collagen gene expression and degenerative intervertebral disc disorders[94,95]. Collagen Ⅸ, a structural component of nucleus pulposus and annulus fibrosis of the intervertebral disc, acts as a bridge between proteins in these tissues. Collagen Ⅸ is essential to the proper formation of the collagen Ⅱ/Ⅸ/Ⅺ heteropolymer[96]. Recent studies have suggested that collagen tryptophan Ⅸ genetic material influence lumbar disc degeneration in patients with herniated nucleus pulposus. Interestingly, it has recently been demonstrated that patients with collagen Ⅸ polymorphisms who are smokers have a significantly higher predisposition to developing cervical myelopathy[88]. This landmark study suggests that smoking abstinence is important for reducing cervical myelopathy risk in patients with a genetic predisposition. 

Despite the paucity of conclusive evidence to clearly delineate the aetiology of CSM, a multifactorial aetiology to include age-related degeneration, biomechanical factors and heredity is supported.

FUTURE INNOVATIONS

Whilst acute SCI models have unveiled some cellular mechanisms involved in the pathobiology of CSM, this unique condition and its specific pathomechanisms are poorly defined. A limitation in advancing our knowledge of CSM has been a paucity of reproducible in vivo models to replicate CSM. Several models of acute cord compression have been developed, but relatively little work has focused on the development of an in vivo chronic, graded, cervical cord compression[64,92,97].  

However, a recently developed animal model of CSM, employed a chronic compression device on the cervical spine of Sprague-Dawley rats, to achieve chronic and progressive cord compression[4]. This model has the potential to reproduce quantifiable neurobehavioral, neurophysiological, and neuropathological deficits akin to human CSM. Ultimately, this innovation may act as an important catalyst in the translation of targeted thera​peutic strategies for cervical myelopathy[4]. 

Regarding technological advancements, innovations in neuro-imaging will continue to play a key role by facilitating timely diagnosis of soft tissue and osseous pathology in CSM, assist in optimal patient selection for surgical intervention and provide prognostic information in the post-operative period. In addition to advances in kinetic magnetic resonance imaging and DTI, metabolic neuroimaging, has been compared with func​tional assessments following clinical examination and findings on MRI, of patients selected for surgery for CSM. FDG-PET findings were highly sensitive displayed strong correlations with pre- and postoperative scores, and postoperative rehabilitation[98,99]. The major limitation of this technology is the poor resolution of PET scans. Despite this, future innovations in PET imaging may allow identification of early spinal cord damage and provide indications for surgical intervention.

CONCLUSION

The cervical spine adapts to the challenges of gravity and the effects of mechanical loading through both structural and biochemical chnages. These adaptations may result in significant physical disability, and in turn stimulate altered biochemical pathways. The patho​physiology of CSM involves a combination of static and dynamic mechanical factors, which induce cellular changes to include neuroischemia, excitotoxicity, neu​roinflammation and apoptotic events. There exists an urgent requirement for the development of novel neuro-protective treatment strategies to inhibit neural degeneration and optimize neurological recovery following surgical decompression for CSM.  
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Figure 1  Degenerative changes that contribute to extrinsic compression of the spinal cord in cervical myelopathy. OPLL: Ossification of the posterior longitudinal ligament.
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Figure 2  Determination of the anteroposterior compression ratio in patients with cervical myelopathy. AP = b/a × 100. Reprinted with permission. AP: Anteroposterior compression ratio. 
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Figure 3  Cellular mechanisms involved in cervical myelopathy. The hypoxia/ischemia cascade results from chronic progressive compression of the cervical spinal cord. This induces extracellular (TNF-) and intracellular pro-apoptotic pathways (p-53, JNK), induces neuroinflammation and ultimately, neuronal and oligodendrocyte destruction. Additionally, compromise of the BSCB results from ischemia-induced endothelial cell loss. Increased BSCB permeability alters the cellularity of the spinal cord microenvironment and is thought to further potentiate neuroinflammation. These mechanisms contribute to the upper limb dysfunction, spasticity, and gait disturbances observed in human cervical spondylotic myelopathy. BSCB: Blood-spinal cord barrier; TNF- Tumor necrosis factor-.
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Table 1  Pathophysiological factors involved in cervical myelopathy


Static factors�
�
   Spondylosis�
�
   Disc degeneration�
�
   Ossification of the posterior longitudinal ligament�
�
   Ossification of ligamentum flavum�
�
   Congenital stenosis�
�
   Other acquired congenital pathology, e.g., tumors, calcification�
�
Dynamic factors�
�
   Changes in neck flexion/extension - narrow spinal canal�
�
Biomolecular factors�
�
   Ischemic injury - compression of spinal cord vasculature�
�
   Glutamate - mediated excitotoxicity�
�
   Oligodendrocyte and neuronal apoptosis�
�
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