


Cervical Spondylotic Myelopathy: Pathophysiology, Diagnosis, and Emerging Therapies
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Cervical spondylotic myelopathy (CSM) represents the commonest cause of non-traumatic spinal cord dysfunction in adults and is increasingly encountered in ageing populations. Contemporary literature often frames CSM within the broader construct of degenerative cervical myelopathy (DCM), encompassing compressive myelopathy arising from disc degeneration, osteophyte formation, facet arthropathy, ligamentous hypertrophy, and related degenerative pathologies. The clinical impact of CSM extends beyond gait impairment and hand dysfunction to include pain, falls, loss of independence, and diminished health-related quality of life. Pathophysiology is multifactorial and reflects an interaction between chronic static compression, repetitive dynamic injury, microvascular compromise, neuroinflammation, and progressive cellular and tract-level damage within the spinal cord. Diagnosis remains fundamentally clinical, supported by imaging—particularly magnetic resonance imaging—yet conventional measures incompletely characterise microstructural injury, disease activity, and prognostic potential. Advanced quantitative imaging and fluid biomarkers are increasingly investigated to address these gaps and to support earlier diagnosis and more reliable monitoring. Surgical decompression is the cornerstone of disease-modifying management, but heterogeneous outcomes and persistent disability in a subset of patients highlight the need for adjunctive neuroprotective and restorative strategies. Recent trials and secondary analyses of riluzole, alongside expanding work in biomarkers and quantitative MRI, exemplify the movement towards mechanism-informed therapeutics and precision stratification. This review synthesises current understanding of CSM/DCM pathobiology, diagnostic approaches, contemporary management paradigms, and emerging therapeutic horizons that may reshape care across the next decade.
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1. Introduction
Cervical Spondylotic Myelopathy (CSM) has long been recognised as a progressive and potentially debilitating disorder in which age-related degenerative changes of the cervical spine lead to compromise of spinal cord function. These degenerative processes, including intervertebral disc degeneration, osteophyte formation, ligamentous hypertrophy, and facet joint arthropathy, collectively contribute to narrowing of the cervical spinal canal. As a consequence, both static compression and dynamic mechanical stress are exerted on the spinal cord, resulting in a cascade of pathological events that impair neural conduction and neurological integrity. Over time, the cumulative effects of mechanical compression, microvascular compromise, and secondary inflammatory responses may lead to irreversible structural and functional damage within the spinal cord. Clinically, this condition often manifests as progressive motor weakness, sensory disturbances, gait instability, and impairment of fine motor coordination. Owing to its insidious onset and variable clinical presentation, cervical spondylotic myelopathy frequently poses diagnostic challenges, thereby underscoring the importance of heightened clinical awareness and timely intervention (Bakhsheshian et al., 2017).
In modern scholarship, the term degenerative cervical myelopathy has been proposed as an umbrella descriptor that includes CSM as its most prevalent subtype, together with compressive myelopathy caused by ossified or hypertrophied ligaments and other degenerative canal-narrowing processes (Nouri et al., 2015). This terminological shift is not merely semantic; it encourages consistent case definition, harmonised outcome reporting, and an explicitly mechanistic framing that links spinal degeneration to spinal cord injury biology (Badhiwala et al., 2020). The pathophysiology of CSM is a multifactorial process that can be attributed to static and dynamic factors. Static factors include degenerative changes such as vertebral body osteophyte formation, or degenerative changes along the facet or uncovertebral joints. Dynamic factors relate to repetitive movements of the neck that can exacerbate spinal cord compression. For example, flexion of the cervical spine can be compressed against osteophytic spurs protruding into the spinal canal, or extension of the neck can cause buckling of the ligamentum flavum. In either case, static and dynamic factors can result in cervical spinal cord compression producing neurological symptoms (George et al., 2021). Nevertheless, “CSM” remains deeply embedded in clinical practice and is frequently used to denote the typical osteoarthritic and disc-degenerative phenotype encountered in middle-aged and older adults.
The burden of CSM/DCM is amplified by demographic change. As populations age, degenerative spinal disease becomes more prevalent, and clinical systems increasingly face the challenge of recognising and managing myelopathy before irreversible disability accrues (Badhiwala et al., 2020). Natural history studies and systematic syntheses indicate that, while some individuals may remain stable for a period, a substantial proportion deteriorate over time, often in a stepwise fashion, with meaningful risk of severe disability and spinal cord injury events in untreated disease (Badhiwala & Wilson, 2018; Tetreault et al., 2017). These observations underpin a central clinical tension: waiting may avoid surgery in selected cases, but delay may also reduce the ceiling for neurological recovery once decompression is undertaken.
From a biological perspective, CSM is best conceptualised as chronic spinal cord injury driven by mechanical and biochemical forces. Static compression reduces the space available for the cord and alters cord geometry, whereas dynamic factors—including segmental instability and deformity—impose repetitive strain during ordinary neck motion (Karadimas et al., 2015; Badhiwala et al., 2020). Downstream, microvascular compromise and blood–spinal cord barrier dysfunction promote ischaemia, neuroinflammation, glial activation, and apoptotic pathways, leading to demyelination and axonal injury (Karadimas et al., 2015). This mechanistic complexity helps explain why anatomical decompression, although often effective at halting progression and improving function, does not uniformly reverse established injury (Badhiwala et al., 2020).
Diagnostic practice remains anchored in clinical examination and conventional MRI. However, conventional imaging findings correlate imperfectly with impairment, and they may not sensitively detect early tissue injury or ongoing disease activity. Advanced quantitative MRI approaches—diffusion tensor imaging (DTI), magnetisation transfer metrics, spinal cord morphometry, and tract-sensitive measures—have therefore gained prominence as candidate tools for staging injury and monitoring progression (Nouri et al., 2016; Shabani et al., 2020; Martin et al., 2018). In parallel, fluid biomarkers reflecting axonal and glial injury are being evaluated to complement imaging and clinical metrics, with early studies suggesting potential prognostic relevance (Tsitsopoulos et al., 2022).
Therapeutically, surgical decompression remains the primary disease-modifying intervention, but the field is increasingly exploring adjunctive neuroprotection and restorative strategies. Riluzole—an agent with anti-excitotoxic properties—has been tested as a perioperative adjunct in randomised evaluation, and subsequent analyses illustrate both the promise and complexity of outcome measurement in CSM/DCM trials (Fehlings et al., 2021; Fehlings et al., 2024). Emerging horizons also include more structured rehabilitation, neuromodulation concepts, biomarker-guided stratification, and motion-preserving or tailored surgical strategies informed by biomechanics and alignment (Badhiwala et al., 2020; McCormick et al., 2020).
1.4 Scope and objectives
This review aims to synthesise contemporary understanding of cervical spondylotic myelopathy across three domains: (i) pathophysiology, integrating mechanical, vascular, inflammatory, and cellular mechanisms; (ii) diagnosis, spanning clinical assessment, conventional imaging, and emerging quantitative and biomarker approaches; and (iii) therapeutic horizons, including current standards of care and developing neuroprotective, restorative, and precision-medicine strategies.

2. Methods for literature selection
A targeted narrative review was conducted using PubMed, Web of Science, Scopus, the Cochrane Library, and Google Scholar. Searches prioritised literature published from January 2005 through January 2026, while allowing inclusion of seminal older works when necessary to contextualise contemporary concepts. Search strings combined condition terms with thematic terms, including: (“cervical spondylotic myelopathy” OR “degenerative cervical myelopathy” OR “cervical myelopathy”) AND (“pathophysiology” OR “ischaemia” OR “inflammation” OR “apoptosis” OR “MRI” OR “diffusion tensor imaging” OR “quantitative MRI” OR “biomarkers” OR “cerebrospinal fluid” OR “laminoplasty” OR “laminectomy” OR “fusion” OR “arthroplasty” OR “riluzole” OR “neuroprotection” OR “rehabilitation”). Inclusion emphasised peer-reviewed clinical trials, cohort studies, systematic reviews, and high-quality narrative reviews addressing mechanisms, diagnosis, treatment outcomes, or emerging interventions in adult CSM/DCM. Exclusion criteria included non-peer-reviewed material, studies without clear case definition, and reports with insufficient methodological detail for interpretation. Reference lists of key articles were screened to identify additional relevant studies.

3. Pathophysiology of cervical spondylotic myelopathy
Cervical spondylotic myelopathy (CSM) is increasingly conceptualised as a chronic, progressive spinal cord injury state arising from degenerative narrowing of the cervical canal and its surrounding compartments. Contemporary framing under the broader label of degenerative cervical myelopathy (DCM) emphasises that the clinical syndrome is not dictated solely by the degree of anatomical stenosis; rather, disability emerges from the interaction between mechanical deformation and a complex cascade of secondary biological injury processes within the cord (Nouri et al., 2015; Badhiwala et al., 2020). The degenerative changes that produce canal compromise—disc degeneration with bulging, osteophytic ridging, facet arthropathy, and hypertrophy or infolding of supporting ligaments—alter both the static space available for the cord and the dynamic behaviour of the cervical spine during everyday motion (McCormick et al., 2020). These structural and biomechanical drivers initiate and perpetuate a multi-layered pathobiology that includes microvascular insufficiency, barrier dysfunction, neuroinflammation, and progressive axonal and myelin injury (Karadimas et al., 2015; Badhiwala et al., 2020).
3.1 Static compression and chronic deformation
A central initiating mechanism in CSM is sustained, “static” compression, which changes cord geometry and imposes chronic deformation at one or more levels. Even when gradual, persistent deformation can compromise white matter tracts through direct mechanical stress on axons and oligodendrocytes and by altering the local tissue microenvironment (Karadimas et al., 2015). Static compression also reduces the functional reserve of the cord, leaving it less tolerant to additional insults such as minor trauma, transient hypotension, or physiological extremes. Importantly, the relationship between canal narrowing and clinical presentation is non-linear: individuals may demonstrate severe stenosis with relatively mild symptoms, whereas others experience marked functional impairment with apparently modest anatomical compromise, reflecting the contribution of secondary injury biology and inter-individual variability in cord vulnerability (Badhiwala et al., 2020). Chronic deformation further promotes gliosis and structural reorganisation within the cord, which can limit the extent of neurological recovery even after adequate decompression (Karadimas et al., 2015; Badhiwala et al., 2020).
3.2 Dynamic injury and cumulative microtrauma
CSM is rarely explained by static compression alone. Degenerative change can destabilise motion segments and alter cervical kinematics such that routine flexion, extension, and rotation repeatedly impose transient compression, shear, and stretch on the cord. This “dynamic” component effectively transforms common movements into recurrent micro-injuries, with cumulative effects over time (Karadimas et al., 2015; Badhiwala et al., 2020). Segmental translation, local kyphotic tendency, and degenerative malalignment can intensify the mechanical dose delivered to the cord during motion, and symptom fluctuation in some patients may reflect episodic exacerbations of this dynamic stress (McCormick et al., 2020). The dynamic model also clarifies why clinical deterioration can be stepwise rather than smoothly progressive: repeated microtrauma may push already compromised tissue past functional thresholds, leading to abrupt decline in gait, dexterity, or balance. In this view, CSM represents an ongoing injury process rather than a one-time event, and the timing of intervention influences not only decompression but also the opportunity to interrupt secondary injury cascades before they become self-perpetuating (Badhiwala et al., 2020).
3.3 Microvascular compromise, venous congestion, and barrier failure
Mechanical deformation of the cord and its vascular supply can provoke microvascular compromise through both arterial insufficiency and impaired venous drainage. Reduced perfusion and venous congestion foster a hypoxic–ischaemic milieu, impair energy-dependent cellular processes, and increase susceptibility to further injury (Karadimas et al., 2015). An additional, closely linked phenomenon is disruption of the blood–spinal cord barrier, which normally helps maintain immune privilege and biochemical homeostasis within cord tissue. Barrier dysfunction permits infiltration of inflammatory mediators and alters ionic and neurotransmitter balance, amplifying tissue injury beyond what would be expected from mechanical deformation alone (Karadimas et al., 2015; Badhiwala et al., 2020). These vascular and barrier mechanisms provide a plausible explanation for why cord signal change and neurological impairment can progress even in the setting of relatively stable bony anatomy, and they reinforce the biological rationale for viewing CSM/DCM as a chronic ischaemic–inflammatory myelopathy as well as a compressive disorder (Badhiwala et al., 2020).
3.4 Neuroinflammation, excitotoxic stress, and cell death pathways
Once vascular and barrier disruptions occur, a network of inflammatory and biochemical events can sustain ongoing injury. Activated microglia and astrocytes, cytokine signalling, oxidative stress, and excitotoxic neurotransmitter effects can converge to damage neurons, oligodendrocytes, and axons, promoting demyelination and degeneration of long tracts (Karadimas et al., 2015). The resulting pathology is not restricted to a single focal segment: tract-level injury can extend rostrally and caudally from the point of maximal compression, consistent with the clinical prominence of corticospinal and dorsal column dysfunction in many patients (McCormick et al., 2020). This secondary injury framework also helps interpret clinical heterogeneity. Patients with similar degrees of stenosis may differ in their inflammatory reactivity, microvascular resilience, and capacity for remyelination or compensatory plasticity, producing divergent trajectories in gait, hand function, and balance (Badhiwala et al., 2020). From a therapeutic standpoint, these mechanisms support the search for adjunctive neuroprotective strategies that complement mechanical decompression by targeting excitotoxicity, inflammation, and other modifiable downstream pathways (Badhiwala et al., 2020).
3.5 Tract-selective vulnerability and functional consequences
The clinical syndrome of CSM is rooted in the selective vulnerability of key spinal cord pathways to chronic injury. Long descending motor tracts contribute to weakness and spasticity, while dorsal column involvement underlies impaired proprioception and vibration sense, producing gait instability and falls risk (McCormick et al., 2020). Persistent pain and sensory disturbance may reflect mixed processes, including coexistent root involvement and intrinsic cord pathology driven by the compressive–ischaemic–inflammatory cascade (Karadimas et al., 2015). Over time, the balance between ongoing tissue injury and adaptive compensation shapes disability. When compensation predominates, patients may appear clinically stable despite accumulating microstructural damage; when injury surpasses compensatory capacity, functional decline may be sudden and consequential (Badhiwala et al., 2020). This framing reinforces the central pathophysiological principle of CSM: neurological impairment is the emergent result of mechanical forces acting through vascular and inflammatory biology, rather than a simple reflection of canal diameter (Nouri et al., 2015; Badhiwala et al., 2020).

4. Clinical phenotype and functional assessment
CSM typically presents insidiously, with symptom evolution over months to years. Early complaints may include loss of fine motor control, difficulty with buttons or handwriting, gait unsteadiness, or sensory disturbances. Neck pain and radicular symptoms may coexist but are not required for diagnosis (McCormick et al., 2020). Examination often reveals upper motor neuron signs—hyperreflexia, clonus, spasticity, and pathological reflexes—alongside segmental weakness or sensory change. Because symptoms overlap with peripheral neuropathies, motor neuron disease, demyelinating disease, and other neurological disorders, careful clinical reasoning remains essential (Badhiwala et al., 2020).
Disease severity is commonly graded using myelopathy scales such as the modified Japanese Orthopaedic Association score and complementary disability measures. Nonetheless, traditional clinical scales may lack sensitivity to subtle progression, particularly in mild disease where compensation and behavioural adaptation can mask worsening tissue injury (Martin et al., 2018). This limitation has motivated efforts to augment clinical monitoring with quantitative imaging and objective biomarkers that may detect subclinical progression and support earlier intervention decisions.

5. Diagnostic evaluation
Diagnostic evaluation in cervical spondylotic myelopathy (CSM) hinges on integrating clinical phenotype with structural and, increasingly, quantitative indicators of spinal cord injury. The central challenge is that degenerative compression on imaging does not invariably equate to clinically meaningful myelopathy, and conversely, functionally important cord dysfunction may occur despite apparently modest anatomical compromise. A robust diagnostic approach therefore prioritises careful clinical assessment, followed by imaging that clarifies both the presence of cord compression and the likelihood of tissue injury, with emerging techniques aiming to quantify microstructural damage and improve prognostication (Nouri et al., 2016).
5.1 Clinical assessment and clinico-radiological correlation
CSM typically develops insidiously, with patients describing loss of dexterity, clumsiness in fine motor tasks, gait imbalance, falls, sensory disturbance, or progressive stiffness. Symptoms may fluctuate, and individuals frequently adapt their behaviour to compensate, which can obscure progression. Examination remains indispensable, as upper motor neurone signs, long-tract sensory findings, and impaired tandem gait may reveal spinal cord dysfunction even when symptoms are vague. However, clinical features can overlap with peripheral neuropathy, motor neurone disease, cerebrovascular disease, and inflammatory disorders. For this reason, diagnosis should be framed as a clinico-radiological judgement rather than an imaging diagnosis, with particular emphasis on whether the neurological syndrome is anatomically and physiologically plausible given the level(s) of compression and cord involvement seen on imaging (Nouri et al., 2016). A practical corollary is that a radiology report describing “stenosis” should not be treated as sufficient evidence of myelopathy in isolation; the clinician must determine whether the patient’s functional deficits reflect cord injury and whether alternative explanations remain more likely.
5.2 Conventional imaging: roles, strengths, and limitations
Magnetic resonance imaging is the principal modality for confirming cord compression and assessing intramedullary signal change, and it remains foundational for operative planning and longitudinal follow-up (Nouri et al., 2016). Standard sequences depict disc–osteophyte complexes, ligamentous thickening, and multilevel degenerative change, whilst providing a view of cord contour and signal characteristics. Among conventional findings, intramedullary T2 hyperintensity is commonly interpreted as reflecting oedema, demyelination, gliosis, or myelomalacia; T1 hypointensity, when present, is often viewed as a marker of more advanced tissue injury. Yet these signal changes are neither perfectly sensitive nor specific for symptomatic myelopathy, and their relationship to functional status and recovery is variable. Consequently, conventional MRI should be interpreted in context, considering both the clinical picture and anatomical modifiers such as multilevel compression, alignment, and the distribution of compressive pathology (Nouri et al., 2016).
Conventional imaging is also used to characterise structural factors that influence management choices. Although MRI is primary, other modalities can add value: computed tomography better defines osseous contributors to stenosis and can clarify the morphology of osteophytes and facet hypertrophy; radiographs can depict alignment, instability, and dynamic changes, all of which can influence surgical strategy. Nonetheless, even an anatomically detailed structural assessment may not fully capture the biological state of the spinal cord. This limitation has driven growing interest in imaging that interrogates microstructure and tissue integrity directly, rather than inferring injury solely from gross morphology and conventional signal changes.
5.3 Quantitative MRI and microstructural assessment
Quantitative MRI aims to measure spinal cord injury more directly and, in doing so, to provide metrics that correlate more consistently with impairment and prognosis than conventional imaging alone. Diffusion tensor imaging (DTI) has been extensively studied, as diffusion metrics such as fractional anisotropy can reflect tract integrity and microstructural organisation. Reviews of the field indicate that DTI abnormalities may be detected even when conventional imaging is equivocal and that diffusion-derived measures can relate to clinical severity; however, variability in acquisition, processing pipelines, and region-of-interest selection remains an obstacle to standardisation and widespread clinical adoption (Shabani et al., 2020). In CSM, these methodological issues are particularly important because the cervical cord is small, subject to motion artefact, and surrounded by cerebrospinal fluid pulsation, which can degrade reproducibility if protocols are not carefully controlled.
Beyond DTI, multiparametric approaches combine complementary quantitative contrasts to build a richer portrait of tissue integrity. A clinically feasible framework incorporating diffusion metrics, magnetisation transfer, and other microstructural measures has been described with accompanying normative and reliability evaluation, supporting the contention that quantitative spinal cord imaging can be implemented in clinically realistic settings (Martin et al., 2017a). The value of such multiparametric assessment lies in its ability to triangulate injury: diffusion measures may be sensitive to axonal organisation, magnetisation transfer to myelin-related properties, and morphometric measures to atrophy and tissue loss. Together, these can provide a more robust indicator of underlying pathology than any single measure alone.
An additional strand of development is the design of specific quantitative biomarkers intended to be stable, interpretable, and scalable. For example, a T2*-weighted white matter to grey matter signal intensity ratio has been proposed as a candidate marker of white matter injury, with the aim of capturing tract pathology in a way that complements diffusion and morphometric measures (Martin et al., 2017b). Importantly, the promise of such metrics is not merely cross-sectional discrimination but also longitudinal monitoring, where the clinical question often concerns whether a patient with mild disease is stable or progressing.
5.4 Longitudinal monitoring and the problem of “silent progression”
In mild CSM, clinicians frequently face a surveillance dilemma: some patients remain stable for a period, whilst others deteriorate and may lose recovery potential if decompression is delayed. Quantitative MRI has been explored as a means of detecting progression earlier and more sensitively than standard clinical scales. Longitudinal work suggests that multiparametric quantitative MRI can demonstrate change consistent with myelopathic progression even when conventional assessments appear relatively unchanged, raising the possibility of “silent progression” at the tissue level (Martin et al., 2018). If validated broadly, this concept would have practical implications: it would encourage follow-up strategies that incorporate objective tissue metrics to identify patients who are biologically worsening despite apparently stable function and to support more confident timing of surgery.
5.5 Biomarkers as a complementary diagnostic and prognostic layer
Fluid biomarkers are an emerging complement to imaging, with the potential to reflect ongoing axonal injury, white matter disruption, and glial activation. Cerebrospinal fluid studies have reported associations between biomarker profiles, baseline severity, and surgical outcomes in degenerative cervical myelopathy, supporting the plausibility of biomarker-informed prognostication (Tsitsopoulos et al., 2022). Although clinical implementation remains investigational, the conceptual value is clear: biomarkers may help distinguish patients who have mere anatomical compression from those with active cord injury biology, and they may offer a quantitative outcome for trials aimed at neuroprotection and repair. In future, the most informative diagnostic frameworks are likely to integrate clinical examination, structural imaging, quantitative microstructural metrics, and biomarker signals into unified, risk-stratified decision-making models (Nouri et al., 2016; Martin et al., 2017a; Tsitsopoulos et al., 2022).


6. Current therapeutic strategies
Current management of cervical spondylotic myelopathy (CSM) is centred on two complementary aims: first, to arrest ongoing spinal cord injury by addressing mechanical compression and instability; and secondly, to maximise functional capacity and safety through symptom control, risk mitigation, and rehabilitation-oriented support. In practice, this translates into a stratified approach in which non-operative strategies may be considered for carefully selected patients with very mild disease or substantial operative risk, whereas surgical decompression is the principal disease-modifying intervention for most patients with established myelopathy or documented progression (Badhiwala & Wilson, 2018; Tetreault et al., 2017). The clinical challenge is that CSM does not behave as a uniform, predictably linear condition, and a management plan that appears reasonable at one time-point may become inappropriate as neurological reserve declines. Consequently, contemporary therapeutic decision-making emphasises timely recognition of progression, alignment of treatment intensity with disease severity, and realistic counselling about the range and limits of postoperative recovery (Badhiwala & Wilson, 2018; McCormick et al., 2020).
6.1 Non-operative management and surveillance
Non-operative management has a limited but important role in CSM. It is most often applied to patients with very mild symptoms, equivocal functional impact, or significant comorbidity in whom the risk–benefit balance of surgery is uncertain. Conservative strategies typically prioritise patient education, avoidance of high-risk activities that could precipitate falls or neck trauma, structured physiotherapy focused on balance and gait safety, and optimisation of comorbid contributors to disability. Even when non-operative care is selected, the strategy is best conceptualised as active surveillance rather than definitive treatment, because the principal pathological driver—compressive spinal cord injury—remains uncorrected (Badhiwala & Wilson, 2018; Tetreault et al., 2017).
A key limitation of conservative care is the uncertainty of natural history at the individual level. Syntheses of natural history indicate that a proportion of patients deteriorate over time, sometimes in a stepwise fashion, and that delaying decompression in progressing myelopathy can reduce the ceiling for neurological recovery (Badhiwala & Wilson, 2018; Tetreault et al., 2017). This is particularly relevant in patients who appear clinically stable yet may be accumulating microstructural injury. In this context, quantitative imaging has been explored as a monitoring adjunct; longitudinal multiparametric quantitative MRI has demonstrated sensitivity to progression that may not be captured by routine clinical scales alone, raising concern for “silent progression” in some individuals under surveillance (Martin et al., 2018). Although not yet a universal standard of care, the implication for current practice is pragmatic: patients managed non-operatively should be reviewed with sufficient frequency and structure to detect meaningful change early, and clinicians should maintain a low threshold for reconsidering surgical options when objective decline or increasing functional risk emerges (Badhiwala & Wilson, 2018; Martin et al., 2018).
6.2 Surgical decompression as disease-modifying treatment
Surgical decompression remains the cornerstone of disease-modifying management in CSM, with the primary objective of relieving spinal cord compression and stabilising the biomechanical environment to halt ongoing injury (McCormick et al., 2020). Surgical strategy is tailored to the distribution of compressive pathology, the number of involved levels, sagittal alignment, and the presence of instability or deformity. In broad terms, anterior procedures address ventral compressive disease through discectomy or corpectomy with fusion, whereas posterior strategies expand the canal via laminoplasty or laminectomy, with fusion added when stability or alignment concerns warrant it (McCormick et al., 2020). While approach selection is often described as anatomical, it is equally informed by functional goals: preserving motion where feasible, preventing postoperative deformity, and minimising complications in patients who frequently have age-related comorbidities.
Comparative evidence has been particularly influential in clarifying posterior options. Prospective multicentre data comparing laminoplasty with laminectomy and fusion demonstrate that both can improve function, while also highlighting trade-offs relating to motion preservation, stability, and complication profiles (Fehlings et al., 2017). These findings support the principle that “adequate decompression” is necessary but not sufficient; the surrounding alignment and stability context can shape both neurological recovery and longer-term mechanical outcomes. For example, in patients at higher risk of postoperative kyphosis or with pre-existing instability, fusion may be favoured to protect alignment and reduce the risk of delayed deterioration, whereas laminoplasty may be considered when motion preservation is desirable and alignment is favourable (McCormick et al., 2020; Fehlings et al., 2017).
Motion-preserving technologies have also influenced therapeutic thinking, particularly in the broader degenerative cervical disease spectrum. Randomised controlled comparisons of cervical disc arthroplasty versus fusion have provided evidence regarding clinical and radiographic outcomes in selected patients, illustrating how motion preservation may be achieved in appropriate contexts and how outcomes can be measured rigorously over follow-up (Mummaneni et al., 2007). Although many patients with CSM require multilevel decompression and may not be ideal candidates for arthroplasty, the trial evidence remains relevant to therapeutic horizons within “current strategies” insofar as it informs discussions about preserving motion, adjacent segment biomechanics, and patient-centred functional outcomes when choosing operative constructs (Mummaneni et al., 2007; McCormick et al., 2020).
6.3 Timing of surgery, expectations, and outcome variability
Even with technically successful decompression, recovery is heterogeneous. Patients often experience meaningful improvement, but residual symptoms—particularly in gait balance, hand dexterity, and sensory disturbance—are common, reflecting established tract injury and the limits of neural recovery once chronic damage has accrued (McCormick et al., 2020). This variability reinforces the clinical emphasis on timely intervention for progressing disease. Natural history syntheses underscore that waiting through deterioration can reduce recovery potential and increase the likelihood of persistent disability (Badhiwala & Wilson, 2018; Tetreault et al., 2017). Accordingly, a key component of current therapeutic strategy is risk-informed timing: identifying patients for whom observation is reasonably safe versus those in whom prompt decompression is likely to prevent irreversible functional loss. Quantitative monitoring approaches may strengthen these decisions by providing objective indicators of progression during surveillance, thereby reducing reliance on subjective impressions alone (Martin et al., 2018).
In parallel, counselling should balance optimism with realism. Surgical decompression is best described as an intervention that can arrest progression and frequently improves function, rather than a guarantee of full neurological normalisation. This framing supports shared decision-making and encourages postoperative planning that includes rehabilitation, fall-risk reduction, and occupational adaptation, especially in patients whose preoperative deficits have already impacted independence (McCormick et al., 2020). The overarching message from current evidence is coherent: conservative strategies have a selective role, but established or progressive CSM typically warrants decompression, and outcomes are most favourable when progression is identified and addressed before the cord’s compensatory reserve is exhausted (Badhiwala & Wilson, 2018; Tetreault et al., 2017; Martin et al., 2018).

7. Emerging therapeutic horizons
The therapeutic landscape in cervical spondylotic myelopathy (CSM) is moving beyond an exclusively anatomical model towards a biologically informed paradigm that treats CSM as chronic spinal cord injury driven by both mechanical compression and secondary tissue injury mechanisms. This shift is motivated by two consistent observations: decompression can halt progression and often improves function, yet residual disability remains common; and conventional clinical and imaging approaches do not fully capture disease activity, tissue vulnerability, or the ceiling for recovery. Consequently, emerging therapeutic horizons increasingly focus on adjunctive neuroprotection, precision stratification using biomarkers and quantitative imaging, and trial designs that better reflect the multidimensional nature of recovery.
7.1 Neuroprotection as an adjunct to decompression: lessons from riluzole
Among candidate neuroprotective strategies, riluzole has become a particularly informative case study for translation in degenerative cervical myelopathy. Mechanistically, riluzole is frequently positioned as an anti-excitotoxic agent with broader modulatory effects that may attenuate secondary injury cascades in chronically compressed spinal cord tissue. In a rodent model intended to capture key features of CSM-like injury, riluzole reduced neuropathic pain behaviours and improved functional recovery, supporting biological plausibility for clinical evaluation and reinforcing the relevance of excitotoxic and inflammatory processes in chronic compressive myelopathy (Moon et al., 2014).
Clinical testing has, however, highlighted the complexity of demonstrating incremental benefit beyond decompression. The multicentre, double-blind, randomised phase 3 CSM-PROTECT trial evaluated perioperative riluzole as an adjunct to decompressive surgery and did not demonstrate superiority on the prespecified primary endpoint in the initial report (Fehlings et al., 2021). A subsequent secondary analysis using a global statistical approach that integrated multiple outcome scales suggested a superior overall treatment effect when recovery was assessed as a composite across distinct domains (Fehlings et al., 2024). Together, these studies illustrate several principles likely to shape future neuroprotective development in CSM. First, adjunctive benefits may be modest and therefore require sensitive, multidomain endpoints. Secondly, outcome selection is not merely methodological; it embeds a conceptual model of recovery in which neurological function, pain, disability, and life impact may change asynchronously and may not be adequately represented by a single score (Fehlings et al., 2024). Thirdly, therapeutic timing and baseline injury burden probably matter: neuroprotection is most credible when it targets an active secondary injury window, before chronic tract damage becomes fixed and biologically non-modifiable (Fehlings et al., 2021; Fehlings et al., 2024).
7.2 Biomarker-guided stratification and prognostication
A major horizon is biomarker-guided stratification, in which treatment timing, trial enrichment, and prognostication are informed by objective measures of spinal cord injury biology. Cerebrospinal fluid (CSF) biomarkers are of particular interest because they may reflect central nervous system processes more directly than peripheral measures. Evidence indicates that CSF biomarkers associated with white matter injury and astrogliosis are linked to disease severity and surgical outcome in degenerative cervical spondylotic myelopathy, supporting the concept that biochemical signals can differentiate patients with relatively “inactive” compression from those with more active tissue injury (Tsitsopoulos et al., 2022).
From a therapeutic perspective, biomarkers could contribute in three complementary ways. They may identify patients at higher risk of progression or incomplete recovery who merit earlier intervention; they may support patient enrichment for trials of neuroprotection and repair; and they may provide intermediate endpoints to detect biological response even when clinical change is small or delayed (Tsitsopoulos et al., 2022). Importantly, biomarker development also intersects with the need for harmonised outcome selection; as trials increasingly test adjunctive therapies, biomarker-based stratification will be more interpretable if aligned with consensus outcome constructs and measurement standards in DCM research (Davies et al., 2024).
7.3 Quantitative MRI as a bridge between mechanism and management
The maturation of quantitative spinal cord imaging provides a second pillar for precision therapeutics. Diffusion tensor imaging (DTI) has been widely investigated as a tract-sensitive tool that can detect microstructural disruption not always evident on conventional MRI, and diffusion-derived measures have shown potential correlations with impairment and prognosis (Shabani et al., 2020). However, variability in acquisition, processing pipelines, and region-of-interest selection remains a barrier to standardisation, particularly in the cervical cord where motion and partial-volume effects are prominent (Shabani et al., 2020). This has fuelled interest in multiparametric approaches that combine complementary contrasts. A clinically feasible microstructural MRI protocol integrating diffusion metrics, magnetisation transfer measures, and other indices has been evaluated with normative values and reliability testing, supporting scalability across clinical environments (Martin et al., 2017a).
Alongside multiparametric frameworks, targeted quantitative biomarkers have been introduced to capture specific tissue attributes. A T2*-weighted white matter to grey matter signal intensity ratio has been proposed as a candidate marker of white matter injury, offering a normalised metric that can be incorporated into multivariate models (Martin et al., 2017b). The value of these quantitative techniques is most compelling in longitudinal settings, where the clinical dilemma is often whether a patient with mild disease is stable or progressing. Multiparametric quantitative MRI has demonstrated sensitivity to myelopathic progression, including scenarios in which conventional clinical measures may not register meaningful change, raising concern for tissue-level deterioration during surveillance (Martin et al., 2018). Consistent with this therapeutic framing, quantitative imaging metrics may also help personalise surgical counselling; for example, magnetisation transfer and morphometric measures have been associated with postoperative recovery in degenerative cervical myelopathy, supporting their potential as prognostic tools and as stratification variables for adjunctive trials (Paliwal et al., 2020).
7.4 Integrating adjunctive therapy, biomarkers, rehabilitation, and outcome science
A decisive emerging horizon is integration: matching adjunctive interventions to biological state and measuring benefit in a way that reflects patient-relevant recovery. The riluzole programme indicates that therapeutic signals may become more visible when outcomes are assessed across multiple domains rather than through a single scale, and it highlights the need to embed endpoint selection within a coherent model of recovery biology (Fehlings et al., 2021; Fehlings et al., 2024). In parallel, biomarker findings associated with tissue injury and glial activation provide a basis for identifying patients with active pathology who may be most likely to benefit from neuroprotective strategies, and may allow trials to distinguish symptomatic compensation from attenuation of injury processes (Tsitsopoulos et al., 2022). Quantitative imaging can complement this approach by staging microstructural injury and identifying progression risk during watchful waiting, thereby helping to time interventions before neurological reserve is exhausted (Shabani et al., 2020; Martin et al., 2017b; Martin et al., 2018).
These developments also bring rehabilitation into sharper therapeutic focus. Emerging work is explicitly testing structured rehabilitation approaches in mild, stable degenerative cervical myelopathy, reflecting an increasing recognition that non-operative strategies should be evidence-informed, reproducible, and measurable using core outcome constructs (Treanor et al., 2026). This direction aligns with broader consensus efforts to standardise what should be measured in DCM trials and how outcomes should be reported, thereby enabling cross-study comparability and more efficient evaluation of adjunctive therapies (Yanez Touzet et al., 2022; Davies et al., 2024). In combination, these horizons point towards a precision model of CSM care: decompression as the indispensable mechanical intervention, adjunctive neuroprotection and restorative strategies targeted to biologically active disease, and integrated biomarker and quantitative imaging systems that guide timing, stratify prognosis, and support sensitive, multidomain trial endpoints (Moon et al., 2014; Fehlings et al., 2024; Martin et al., 2018; Tsitsopoulos et al., 2022).

8. Conclusions
Cervical spondylotic myelopathy is best understood as chronic spinal cord injury driven by the intersection of degenerative biomechanics and secondary biological cascades. Static compression, dynamic microtrauma, vascular compromise, neuroinflammation, and excitotoxic injury jointly shape clinical phenotype and outcomes. Diagnosis remains clinical, supported by MRI, yet conventional approaches incompletely capture disease activity, microstructural injury, and recovery potential. Surgical decompression is the primary disease-modifying intervention, but heterogeneous recovery and persistent disability in some patients underscore the need for adjunctive strategies. Quantitative imaging and biomarker research are rapidly reframing how CSM/DCM may be staged and monitored, while perioperative neuroprotection trials—exemplified by riluzole—signal a shift towards mechanism-informed therapeutics and multidomain outcome evaluation. The most credible near-term horizon is a precision model of care in which clinical examination is integrated with objective measures of tissue injury to guide timing of surgery, personalise rehabilitation, and enable efficient trials of neuroprotective and restorative interventions.

9. Limitations
This review is narrative in nature and, despite an explicit search strategy, does not constitute a formal systematic review with meta-analytic synthesis. Study heterogeneity in definitions, imaging protocols, outcome measures, and follow-up intervals limits direct comparability across the literature. The emerging biomarker and advanced imaging fields are evolving quickly, and conclusions regarding clinical readiness may change as standardisation efforts and multicentre validations mature.
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