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Abstract: 

Degenerative cervical myelopathy (DCM) is the most common cause of spinal cord 

dysfunction in adults. It results from narrowing of the spinal canal due to osteoarthritic 

changes. This narrowing leads to chronic spinal cord compression and neurological 

disability. Symptoms may range from mild dysfunction, including numbness or decreased 

dexterity in the upper extremities, to severe dysfunction including quadriparesis and urinary 

incontinence. This variable pattern of presenting symptoms may lead to a delay in 

diagnosis. Patients are typically male (3:1 male-to-female ratio), and the average age of 

presentation is 64 years. The spinal cord, however, is quite resistant to the mechanical 

compression that may cause DCM. Subjects with cervical cord compression thus may remain 

completely asymptomatic or develop axial pain or signs of root compression, but without 

clear signs of symptomatic myelopathy - “non-myelopathic degenerative cervical cord 

compression” (NMDCCC) – a condition characterised by a mismatch between clinical and 

imaging data. The current prevalence of cervical stenosis (CS) and NMDCCC is not known 

and data in the literature differ widely.  Definitive diagnosis of DCM requires correlation of 

physical examination findings with imaging and neurophysiological findings 

(electromyography, evoked potentials). Magnetic resonance imaging of the cervical spine 

with and without contrast media is the preferred imaging modality. Cervical spine computed 

tomography, computed tomography myelography, and plain radiography are helpful in 

certain situations. Treatment depends on the presence and severity of symptoms. Surgery is 

recommended for patients with moderate to severe symptoms or rapidly progressive disease. 

Conservative treatments with monitoring for progression may be considered in patients with 

mild to moderate disease.   This habilitation thesis is conceived as a collection of scholarly 

works previously published by the author and his colleagues.  We present here sixteen 

manuscripts which could, in our opinion, could be useful in the diagnosis and management 

of patients with DCM. In the first one we have proved that a standardized 10-meter walk/run 

test has the capacity to disclose locomotion abnormalities in NMDCCC subjects who lack 

other clear myelopathic signs, and may provide a means of classifying DCM patients 

according to their degree of disability. This may be confirmed as another risk factor for 

progression into symptomatic DCM in future longitudinal studies.  The second study 

targeted predictors of neurological dysfunction in the non-myelopathic patient with 

degenerative cervical spinal cord compression. We have found that cross section area (CSA) 

≤ 70.1 mm2, and compression ratio (CR) ≤ 0.4 were the only independent significant 
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predictors for progression into symptomatic myelopathy. It could help the decision‐making 

process for preventive surgical decompression and, more importantly, in defining a subgroup 

of NMDCCC individuals at higher risk of DCM, among whom a randomized trial evaluating 

the benefit of such decompression would be justifiable. The third study explored the 

presence and character of vertigo in patients with DCM, because so called “cervical vertigo” 

(CV) represents a very controversial entity. We have found that despite a high prevalence of 

vertigo in patients with DCM, the aetiology could be (in all of them) attributed to causes 

outside cervical spine and related nerve structures. Clinicians should seek other aetiologies 

of vertigo in DCM patients, thus avoiding the possibility of overlooking other serious 

disease.                                   

Four papers present original scientific reports using new MRI techniques ((MR 

spectroscopy, diffusion tensor imaging and high-resolution 3 T diffusion MRI, Semi-

automated detection of cervical spinal cord compression with the Spinal Cord Toolbox). 

These techniques demonstrated sufficient sensitivity to reveal early changes in cerebral 

spinal cord, and for the first time, even in NMDCCC participants. This might allow the 

stratification of non-myelopathic subjects in the future. Introduction of these techniques into 

radiological evaluations may bring more reliable results to longitudinal and multicentre 

studies. The approach also saves a great deal of time, perhaps enabling its routine use in the 

assessment of the natural course of NMDCCC and mild DCM; the rate of progression may 

well become a valid predictor of whether the patient would benefit from surgery or not         

The habilitation thesis contains six reviews as well (“Asymptomatic Spondylotic Cervical 

Cord Compression”, “Cervical vertigo – fiction or reality?”, “Management of patients with 

degenerative spondylotic cervical spine compression”, “Cervical plexus lesions in clinical 

praxis“, “DCM- clinical manifestation, diagnosis and practical management” and 

“Asymptomatic Spondylotic Cervical Cord Compression” ). One cross-sectional population-

based observational study was done to estimate the prevalence of NMDCCC and DCM in a 

population older than 40 years and to evaluate the MRI characteristics of these conditions. 

The aim of another study was to retrospectively analyse the risk of symptomatic myelopathy 

after minor trauma in patients with NMDCCC. Two papers concerning differential diagnosis 

of degenerative cervical spinal cord compression were added too (“Flexion Cervical 

Myelopathy (Hirayama Disease) – Reality or Myth?” and “Malignant Peripheral Nerve 

Sheath Tumour of Cervical Plexus – a Case Report”).  
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We hope that this habilitation thesis helps streamline DCM diagnosis and management, 

allowing for improved chances of early diagnosis and prevention of further neurological 

decline among patients. 

 

Key words: degenerative cervical myelopathy; spinal cord stenosis; non-myelopathic 

degenerative cervical cord compression; magnetic resonance imaging; cervical stenosis; 

electromyography; evoked potentials; anterior cervical discectomy; laminectomy; 

laminoplasty. 
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1. Introduction 

Degenerative cervical myelopathy (DCM) is a neurological condition resulting from spinal 

cord compression arising out of degenerative narrowing of the cervical spinal canal. It 

constitutes the leading cause of spinal cord dysfunction in adults worldwide (Rhee et al. 

2017; Badhiwala et al. 2020). Early diagnosis and management of DCM are vital to the 

provision of appropriate care for those living with this condition.  Expeditious diagnosis and 

treatment of DCM are needed to avoid permanent disability. Accurate diagnosis requires 

agreement between clinical and imaging findings. When DCM is suspected, a detailed 

history and physical examination should be undertaken first (Badhiwala et al. 2020). 

Common presenting symptoms include: numb and/or clumsy hand(s), bilateral arm pain 

and/or paresthesias, gait disturbance, Lhermitte’s sign, and urinary urgency, frequency 

and/or incontinence. Objective physical signs of myelopathy include upper motor neuron 

signs in the upper and/or lower limbs, flaccid paresis of one or both upper extremities, 

atrophy of intrinsic hand muscles, sensory involvement in various distributions in upper or 

lower extremities, and gait ataxia (Harrop et al. 2010; Tracy and Bartleson 2010a; Kalsi-

Ryan et al. 2013; Tetreault et al. 2015; Davies et al. 2018). Some of the objective signs of 

myelopathy required for the diagnosis of DCM, detected in the course of a detailed, although 

largely qualitative clinical neurological examination, may serve as comparatively late 

indicators of cervical cord impairment. Further, degenerative compression of the cervical 

cord may remain free of any of the symptoms or signs of DCM. This condition – known as 

“presymptomatic” or “non-myelopathic” degenerative cervical cord compression 

(NMDCCC) is highly prevalent in those above 60 years of age, involving, on average, about 

40% of this European/American subpopulation (Kovalova et al. 2016a; Smith et al. 2020). 

This lies in striking contrast to the prevalence of DCM, estimated at the far lower figure of 

2.3% (Smith et al. 2020). Quantitative electrophysiological and MRI methods, however, 

serve to document functional or microstructural impairment in NMDCCC and DCM 

patients, indicating that myelopathy precedes the occurrence of commonly detected clinical 

signs and symptoms. Over the past 10 years, advances in basic science and in translational 

and clinical research have improved our understanding of the pathophysiology of DCM and 

helped delineate evidence-based practices for diagnosis and treatment.  This habilitation 

thesis comprises the contemporary state of arts in the diagnosis (with special emphasis on 

electrophysiology and new MRI techniques), clinical manifestation and management of 

DCM patients. 
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2. Epidemiology of degenerative cervical myelopathy  

Nontraumatic, degenerative forms of cervical myelopathy represent the commonest cause of 

spinal cord impairment in the elderly population (Kalsi-Ryan et al. 2013). The epidemiology 

of DCM is poorly understood, in part because of the difficulties in diagnosis (Nouri et al. 

2015). The prevalence of surgically treated DCM is estimated as 1.6 per 100 000 inhabitants 

(Boogaarts and Bartels 2015). The actual prevalence is likely to be much higher. In North 

America, the incidence and prevalence was estimated at a minimum of 4.1 and 60.5 per 

100,000, respectively (Nouri et al. 2015). In Taiwan, a population-based study reported a 

hospitalization of 4.04/100,000 person-years (Wu et al. 2013), and in the Netherlands, an 

incidence based on a fixed referral system of 1.6/100,000 inhabitants was reported (Boogaarts 

and Bartels 2015). The incidence of DCM is expected to rise with an ageing population. Most 

patients are first diagnosed in their 50s; DCM is uncommon before the age of 40. Studies in 

healthy volunteers have shown that incidental cervical cord compression is commonly 

detected on MRI, and becomes more common with age (Nagata et al. 2012). In a series of 

randomly selected volunteers aged 40-80, incidental cervical cord compression was detected 

on MRI in 59% of individuals (108/183, ranging from 31.6% in the fifth decade to 66.8% in 

the eighth decade). Only two individuals reported related symptoms (Kovalova et al. 2016a). 

A proportion of individuals with asymptomatic cord compression will go on to develop DCM. 

The exact figure is unknown. The only prospective study to consider this (n=199) found that 

8% of individuals with asymptomatic cord compression will develop DCM after one year and 

22% in total over the observation period (median follow-up 44 months, range 2-12 years) 

(Bednarik et al. 2008a).  Many patients with DCM remain undiagnosed. Based on a global 

cohort of patients derived from the multicentre AO Spine studies on DCM, most patients 

present with multi-level degeneration (spondylosis) and more than 50% have accompanying 

ligamentum hypertrophy or in-folding that is contributing to this compression. Ossification of 

the posterior longitudinal ligament (OPLL) was shown to be present in about 10% of patients, 

with a significantly higher prevalence in Asia (Nouri et al. 2015).  Because of the ageing 

population, physicians can expect to encounter an increasing number of patients with DCM. 

This increase is likely to have an important societal impact: people aged 50–65 years are 

typically still actively working, but degenerative cervical myelopathy can cause patients to 

lose dexterity, ambulation and urinary sphincter control, resulting in an inability to work, 

social isolation, and eventual loss of independence (Bartels 2021). 
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3. Pathophysiology of degenerative cervical myelopathy 

3.1. Static and dynamic factors of DCM 

The pathophysiology of DCM includes structural and functional abnormalities in the spinal 

cord that are caused by static factors, such as congenital spinal canal stenosis and cervical 

spondylosis, and dynamic factors, such as microscopic repetitive spinal cord damage caused 

by cervical instability. Cervical spondylosis is the most common static pathology that 

results in spinal cord compression. It is observed in 55% of patients who have cervical 

myelopathy (Bernhardt et al. 1993). A decrease in disk height induces narrowing of the 

spinal canal by varying degrees of the herniated intervertebral disk. Additionally, 

microinstability induces osteophyte formation at the vertebral end plates in the involved 

segments. Furthermore, hypertrophy in the facet joints accompanying intervertebral disk 

herniation leads to progressive spinal stenosis, which eventually results in DCM (Parke 

1988). Other static factors, such as facet cyst, OPLL, and ossification or calcification of 

the ligamentum flavum, may further diminish the cross-sectional area of the spinal canal, 

which may aggravate cervical myelopathy.                  

Dynamic factors of the cervical spine, such as buckling of the ligamentum flavum, may 

also result in myelopathy. DCM can occur when the dynamic sagittal diameter is <11 mm 

during extreme flexion or extension (Rao 2002). Cervical spine instability is defined as a 

translation of >3.5 mm and an angulation of >11° in flexion–extension views of a dynamic 

radiograph. It affects the narrowing of the spinal canal (White and Panjabi 1987). In 

addition to mechanical or dynamic compression, increased strain or shear forces induce 

extensive or localized axonal damage to the spinal cord (Henderson et al. 2005). During 

physiological flexion of the cervical spine, axial strain and stretching of the spinal cord 

can increase due to the elongation of the spinal canal (Henderson et al. 2005). Progressive 

cervical kyphosis can exacerbate cervical myelopathy due to increased intramedullary 

pressure by compressing the anterior spinal cord and increasing the tension in the spinal 

cord (Scheer et al. 2013). Shi and Pryor reported that spinal cord elongation increased the 

temporary membrane permeability, causing a transient electrolyte imbalance and 

conduction loss in myelinated axons (Shi and Pryor 2002). Moreover, irreversible 

conduction loss resulted in more severe anatomical membrane damage as the spinal cord 

was stretched through an in vitro stretch model (Shi and Pryor 2002). Mechanical 

compression of the cervical spinal cord (CSC) results in cystic cavitation, gliosis, central 
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grey and medical white matter degeneration, Wallerian degeneration of posterior columns 

and posterolateral tracts and anterior horn cells (Fehlings and Skaf 1998). Based on work 

done in acute spinal cord injury (SCI) models, it has been postulated that a similar series of 

cellular and molecular secondary injury events, including glutamanergic excitotoxicity, free 

radical generation, lipid peroxidation, inflammation and ischaemia play a key role in the 

pathobiology of DCM (Kalsi-Ryan et al. 2013). Although it has been thought that 

histopathological and pathophysiological similarities between DCM and SCI are sufficient 

to extrapolate from the latter to the former, DCM is unique and its pathomechanisms remain 

unexplored. Current knowledge related to the pathomechanisms is derived mainly from 

animal models (Karadimas et al. 2015). 

 

3.2.  Chronic interruption of the vascular supply  

 

There is considerable evidence to indicate that chronic interruption of the vascular supply to 

the spinal cord may be a significant component in the pathophysiology of DCM; post-

mortem studies in DCM patients demonstrating abnormal histological findings, such as 

spinal cord necrosis and grey matter cavitation, have indicated spinal cord ischaemia as a 

potential mechanism of DCM (Baron and Young 2007). This is supported by the fact that 

the region of the spinal cord most affected by DCM (C5-7) is also the area of the most 

vulnerable blood supply (Baron and Young 2007). Several studies have reported evidence 

of ischaemia in animal models of DCM based on microangiography, autoradiography and 

hydrogen clearance  (Fehlings and Skaf 1998).                                                  

A key consequence of DCM is the progressive compression that causes flattening and 

widening of the spinal cord. This distortion may stretch the intrinsic transverse vessels or 

terminal branches of the anterior spinal artery (ASA) resulting in endothelial cell loss and 

dysfunction (Bohlman and Emery 1988). Hypoxia-ischemia-induced endothelial cell death 

may exacerbate primary tissue damage and contribute to breakdown of the blood-spinal cord 

barrier (BSCB) leading to increased vascular permeability and vasogenic spinal cord 

oedema.  Following acute neurotrauma, the BSCB remains compromised after the initial 

damage because of the effects of inflammatory mediators on endothelial cells and loss of 

endothelial cells; however, this barrier is eventually reformed (Karadimas et al. 2015).  

Karamidas,  in a study using a rat model of DCM, showed that chronic progressive CSC 

compression causes significant endothelial cell loss (Karadimas et al. 2015).   
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3.3.  Glutamate excitotoxicity 

 

Glutamate is the major excitatory neurotransmitter in the central nervous system (CNS). 

Research suggest that glutamate excitotoxicity is involved in neuronal and oligodendrocytic 

death in neurologic diseases including stroke, traumatic SCI and prolonged seizure activity 

(Fehlings and Skaf 1998). It has also been hypothesized that slow glutamate excitotoxicity 

plays an important role in initiating neuronal degeneration and promoting the development 

of neurological deficits under the chronic progressive compression of the CSC (Fehlings and 

Skaf 1998). In an animal model of DCM, riluzole was administered daily for 5 weeks after 

the onset of symptoms (Karadimas et al. 2015). The result of the study showed that its 

administration led to a significant functional improvement, axonal preservation, attenuation 

of astrogliosis and a decreased level of neuronal apoptosis after chronic progressive 

compression.  This result provided evidence that in the chronic ischaemic state of DCM a 

slow glutamate excitotoxicity process is activated, which is involved in neuronal 

degeneration. Furthermore, this study demonstrated the potential use of neuroprotective 

agents in DCM as an adjuvant to surgical decompression (Karadimas et al. 2015).   

  

3.4.  Apoptosis in compressed cervical spine 

 

Apoptosis is programmed cell death, which begins with signal cascades and ends in 

patterned deoxyribonucleid acid (DNA) fragmentation. The induction of apoptosis in the 

chronically compressed CSC is well characterised. The technique known as terminal 

deoxynucleotidyltransferase-mediated deoxyuridine triphosphate nick-end labelling 

(TUNEL) can be used to find evidence of apoptotic DNA fragmentation. TUNEL-positive 

neurons and oligodendrocytes and caspase-3 positive neurons and oligodendrocytes were 

detected in the chronically compressed CSCs of an autopsied patient with DCM and mice 

exhibiting chronic spinal cord compression (Yu et al. 2009). However, the signal pathway 

of apoptosis in the chronically compressed CSC remains unclear. Recent work also 

implicates tumour necrosis factor – α as an external signal in initiating apoptosis (Inukai et 

al. 2009). Moreover Takenouchi and others demonstrated that the mitogen-activated protein 
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kinase pathways are activated in neurons and oligodendrocytes during chronic CSC 

compression (Takenouchi et al. 2008). 

  

3.5.  Inflammatory process in DCM 

 

There is compelling evidence that neuroinflammation is a critical player in the 

pathomechanisms of cell death following neurotrauma (Bomstein et al. 2003). It is now 

becoming apparent that there are many differences in the innate and adaptive immune 

responses to acute SCI versus DCM. Beattie and Manley reported that the inflammatory 

process is unique in DCM and that it is slow and driven by chronic progressive compression 

(Beattie and Manley 2011). However, little is known regarding the temporal profile of 

cellular inflammation, the temporal profile of key inflammatory mediators and what aspects 

of inflammation are beneficial in this unique chronic condition. Yu and others showed that 

chronic spinal cord compression in patients with DCM causes cellular inflammation and that 

neutrophils, activated monocytes/macrophages and lymphocytes are recruited to the lesion 

of human DCM (Yu et al. 2011). Furthermore, the results from Yu suggest that, even in slow 

progressive injuries of the CSC, a reduction of inflammation leads to less apoptosis and 

possibly less demyelination and  consequent axonal damage (Yu et al. 2011).  Matrix 

metalloproteinase (MMPs) are important for extracellular matrix remodelling and are 

integral for morphogenesis, inflammation and wound healing. It has been observed that there 

are a reduced number of neutrophils in the acute injured spinal cord in MMP-9 depleted mice 

(Noble et al. 2002). Moreover, administration of MMP-9 inhibitors was highly effective in 

blocking neutrophil administration and tissue damage when administered hours after injury 

(Noble et al. 2002). This suggest that MMP-9 plays a significant role in the sustained phases 

of inflammatory cell recruitment. Furthermore, MMP-9 has been implicated in promoting 

blood-brain barrier disruption and subsequent exaggeration of the inflammatory process in 

different CNS diseases. A recent study on a rabbit model of DCM revealed that MMP-9 

immunoreactivity was significantly higher in spinal cord tissue from rabbits  that underwent 

chronic compression of the CSC for 20 weeks (Karadimas et al. 2015). 
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3.6. Compensatory changes in the chronically compressed spinal cord 

Neurotrophic factors (NFs) are proteins that regulate neuronal survival, axonal growth and 

synaptic plasticity. NFs have been widely used to promote axonal regeneration in the injured 

CNS. Some studies report structural regeneration after the administration of the brain-

derived neurotrophic factor (BDNF) or neurotrophin 3 (NT-3) (Jones et al. 2001).  These 

findings are consistent with the increased number of neurons and oligodendrocytes rostral 

and caudal to the injury epicentre  and together suggest that BDNF and NT-3 may contribute 

to neuronal and oligodendrocytes survival in DCM (Yu et al. 2009). Growth-associated 

protein (GAP) 43  is a protein synthesized in the nerve cell bodies and quickly transported 

in axons. It is located at the cytoplasmic side of the plasma membrane of axons and growth 

cones and is a component of the membrane skeleton of such cones. Uchida and others 

demonstrated increased GAP-43 immunoreactivity in spinal cord tissue coming from mice, 

which was well correlated with the magnitude and the period of the chronic compression 

(Uchida et al. 2002). These results suggest that regeneration of axons and the mechanisms 

involved in axonal repair may occur in the white matter during chronic compression. This 

evidence collectively reveals that the cervical spinal cord tries to adapt and compensate for 

chronic, slow and progressive compression (Kalsi-Ryan et al. 2013). 
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4. Clinical manifestation of degenerative cervical myelopathy 

 

Cervical spondylosis was first clearly defined in 1948 by Brain and colleagues (“Discussion 

of Rupture of the Intervertebral Disc in the Cervical Region. – London Spine Unit | UK’s 

Best Spinal Clinic | Harley Street” n.d.). Early on, DCM was thought of as a disease causing 

a variable degree of disability, but one in which the natural tendency was toward a state of 

arrest or stability (Brain 1951).  Lees and Turner provided one of the first accounts of the 

natural history of DCM (Lees and Turner 1963). This was a retrospective study of 44 patients 

with clinical evidence of myelopathy followed at St. Bartholomew’s Hospital in London, 

England. The investigators observed and described the course of DCM to contain long or 

shorter periods of exacerbation, with interspersed long periods of quiescence, without new 

or worsening symptoms. Exacerbations often left patients worse than they were previously. 

Few patients deteriorated gradually over several years. At last follow-up, 2 patients (4.5%) 

had no disability, 3 (6.8%) mild disability, 21 (47.7%) moderate disability, and 18 (40.9%) 

severe disability. No relation between age and prognosis was found. Despite the seemingly 

poor outcomes, the investigators concluded that when it came to management of DCM, “a 

very conservative approach should be the rule,” although they acknowledged the need for 

prospective studies (Lees and Turner 1963). The contemporary literature would suggest 

anywhere between 20% and 62% of patients with DCM will deteriorate neurologically 

within 3 to 6 months (Karadimas et al. 2015). Kadanka sr. et al. conducted the only 

randomized controlled trial on the topic. From 1993 to 1998, 68 patients with mild or 

moderate DCM (mJOA score 12) were randomized to conservative or operative treatment. 

Surgery consisted of anterior decompression in 22 patients, corpectomy in 6 patients, and 

laminoplasty in 5 patients. Conservative strategies included cervical collar, anti-

inflammatory medications, and intermittent bedrest for patients with pain, discouragement 

from participation in high-risk activities, and avoidance of risky environments (eg, physical 

overloading, movement on slippery surfaces, manipulation therapies, or prolonged flexion 

of the head). No significant difference was observed in mean mJOA score within or between 

the conservative and surgical cohorts over a 36-month period. At the 3-year mark, 24.1% of 

the surgical cohort had improved 2 or more points on the mJOA scale, not significantly 

different from the corresponding proportion in the conservative cohort (23.3%). At the 10-

year mark, mean mJOA score was 15.0 in conservatively and 14.0 in surgically treated 

patients  (Kadaňka et al. 2011). Some papers have been showing that the natural history of 
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DCM patients consists in an acute worsening, which is followed by a stable phase that may 

last years, without any worsening. Still, older patients and some patients who have moderate 

deficits seem to deteriorate more often, justifying though, a surgical procedure in these 

patients (Lees and Turner 1963) Putting aside the disability when presented, DCM is a 

known risk factor for developing spinal cord lesion secondary to a minor trauma. For this 

reason, some authors also indicate surgery even in those patients (Baron and Young 2007) 

.Regarding outcome, DCM may present in three different manners. In the most common one, 

70% of individuals show a stepwise deterioration, with periods of worsening alternated with 

periods of stabilization. In the second type, 20% experience the progressive evolution of 

symptoms in a direct way, and lastly 5% of subjects have rapidly evolving progressive 

disease (“Clair: Natural History of Cervical Spondylotic Myelopathy - Google Scholar” 

n.d.). Patients with significant spinal compression may present with signs and symptoms 

of neurological dysfunction. The underlying degenerative spinal pathology may cause 

localised and radiating neck pain; concomitant radicular pain and weakness may also be 

present from spinal nerve root compression (Kalsi-Ryan et al. 2013). Pain is a common 

reason to seek treatment. Musculoskeletal pain might be present in the neck, while 

neuropathic pain can affect upper and lower limbs and occasionally the trunk. Patients often 

report neck stiffness, at times without pain (Davies et al. 2018).         

No pathognomonic sign exists for DCM. Therefore, clinicians must be cognizant of the 

constellation of symptoms in this variable presentation. Initially, patients with DCM most 

commonly present with paraesthesia in one or more extremities. Patients may also report 

decreased dexterity, often described as “clumsiness” with buttons and zippers or changes in 

penmanship. Patients may note changes in mobility or frequent falls (Lannon and Kachur 

2021). A textbook case would describe gait dysfunction and bilateral hand impairment. 

Frequently not all symptoms are present. For example, pain might be absent and symptoms 

can be unilateral and vary in severity, even on a daily basis. Atypical symptoms such as 

headaches and muscle cramps are also reported (Davies et al. 2018)  

The more consistent feature of DCM is the evolution of symptoms. Most patients describe 

symptoms that have been ongoing for months and getting worse. The rate of progression 

varies; in some individuals symptoms remain mild over extended periods of time, while in 

others disease progression accelerates. Functional decline can be insidious, and patients 

might mistakenly attribute these symptoms to “getting older.” Typical features include loss 

of dexterity (difficulty doing up buttons, using keys, mobile phones, or writing) or mobility 
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(use of walking aids or frequent falls). Also, at the upper limbs the presence of melopathic 

hand may occur, with the finger escape sign. It consists in the abduction and flexion of the 

fourth and fifth fingers while maintaining the extended upper limbs for one minute. Also 

difficulty in holding and releasing the fingers may occur, which consists in failure to hold 

and extend fingers more than 15 times per 10 seconds (Lavelle and Bell 2007). Additionally, 

upper limbs may be affected unilaterally or bilaterally, with atrophy of interosseous and 

thenar muscle along with abolition of the tendinous reflexes, if the compression occurs 

below C5 level. On the contrary, when the compression takes place above C5, Hoffman sign 

may appear, and tendinous reflexes are increased (Lees and Turner 1963). 

Autonomic symptoms include increased urinary urgency and frequency and urinary 

incontinence, which are typically not the first symptom noted by the individual, but present 

in conjunction with other symptoms (Hattori et al. 1990). Non-specific and subtle early 

features that overlap with other neurological conditions can delay the diagnosis (Tracy and 

Bartleson 2010b).                                                                                         

Some studies have concluded that a subtle gait disturbance is the common presentation of 

DCM and that the spastic gait occurs first, followed temporally by upper extremity numbness 

and loss of fine motor control of the hands (Lunsford et al. 1980).  Impaired gait is one of 

the cardinal symptoms of DCM and frequently its initial presentation. However, gait 

impairment in DCM can have broad clinical presentation. Quantitative gait analysis is 

therefore a promising objective tool in the disclosure of early cervical cord impairment in 

patients with degenerative cervical compression. We have published a cross-sectional 

observational cohort study in DCM and NMDCCC patients (Kadanka et al. 2021b). The aim 

of the study was to verify whether an objective (and easily used) walk and run test can detect 

early gait impairment in a practical proportion of NMDCCC patients, revealing any 

correlation with severity of disability in DCM. The study group consisted of 45 DCM 

patients (median age 58 years), 126 NMDCCC subjects (59 years), and 100 healthy controls 

(HC) (55.5 years), all of whom performed a standardized 10-meter walk and run test. 

Walking/running time/velocity, number of steps and cadence of walking/running were 

recorded; analysis disclosed abnormalities in 66.7% of NMDCCC subjects. The DCM group 

exhibited significantly more pronounced abnormalities in all walk/run parameters when 

compared with the NMDCCM group. These were apparent in 84.4% of the DCM group and 

correlated closely with disability as quantified by the modified Japanese Orthopaedic 

Association (mJOA) scale. We have proven that a standardized 10-meter walk/run test has 

the capacity to disclose locomotion abnormalities in NMDCCC subjects who lack other clear 



19 
 

myelopathic signs, and may provide a means of classifying DCM patients according to their 

degree of disability (Kadanka et al. 2021).                           

Florid spastic paraparesis is the most severe clinical presentation (Kalsi-Ryan et al. 2013). 

Similarly, the hands can also present with mild sensory deficit  that does not affect function 

or become so severe that dysfunction in the hand does not allow an individual to perform 

simple tasks  such as eating independently (Epstein et al. 1984). Typical features include 

loss of dexterity (difficulty doing up buttons, using keys, mobile phones, or writing) or 

mobility (use of walking aids or frequent falls) (Davies et al. 2018).             

Sensory symptoms are also frequent, where patients complain of awkward or numb hands 

(McCormick et al. 2020). Tasks that require motor coordination, such as writing, buttoning 

up a shirt or undoing a zipper might become challenging (Emery 2001). Moreover, 

Lhermitte’s sign may also occur, indicating a dysfunction of the posterior column. 

Nonetheless, this sign is not specifically related to DCM, being found in other conditions, 

such as multiple sclerosis (Baron and Young 2007).                                                  

A well-known complication of the pre-existence DCM is the central cord syndrome. It may 

occur in any patient who suffers a fall or trauma followed by neck hyperextension, which 

will determine sudden spinal cord compression due to a previous narrowed spinal canal. 

Clinically, those patients will present different degrees of motor deficits between the superior 

and inferior limbs, with the upper extremity been more severely affected than the lower one. 

This may be accompanied by sensory changes below the lesion, along with spasticity and 

neurogenic bladder (Baron and Young 2007).                                   

There are some authors who believe in the existence of so-called cervical vertigo (CV), but 

physicians lack sufficient data to form definite opinions and to give clinical guidelines for 

its diagnosis and treatment. This disorder is over-diagnosed and there is still no laboratory 

or clinical test to confirm the diagnosis, while none of the possible theories provide fully 

convincing evidence of a cervical mechanism.  We have performed a study with 38 DCM 

patients from University Hospital Brno. The presence and character of vertigo was explored 

with a dedicated questionnaire. The cervical torsion test was used to verify the role of neck 

proprioceptors, and ultrasound examinations of vertebral arteries to assess the role of 

arteriosclerotic stenotic changes as hypothetical mechanisms of CV. All patients with vertigo 

underwent a detailed diagnostic work-up to investigate the cause of vertigo. Results were 

these: symptoms of vertigo were described by 18 patients (47%). Causes of vertigo included: 

orthostatic dizziness in 8 (22%), hypertension in 5 (14%), benign paroxysmal positional 

vertigo in 4 (11%) and psychogenic dizziness in 1 patient (3%). No patient responded 
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positively to the cervical torsion test or showed significant stenosis of vertebral arteries. We 

found in our own study that, despite a comparatively high prevalence of vertigo in a cohort 

of DCM patients, it proved impossible to demonstrate that it could be provoked or generated 

by motions of the cervical spine or related to stenotic changes in the vertebral arteries 

(Kadanka et al. 2021a). The current gold standard for DCM diagnosis remains any MRI sign 

of CSC compression (with or without hyperintensity on T2-w) along with clinical signs and 

symptoms of myelopathy. On the other hand, clinical myelopathic signs and symptoms are 

not present in all individuals with severe NMDCCC and do not inevitably reflect either the 

severity of stenosis, or the stenosis duration as they are delayed in chronic compression in 

comparison with acute compression.  Symptoms of DCM might precede objective 

examination findings. As in focal central nervous system disorders, examination features in 

DCM have a low sensitivity—that is, a normal finding does not exclude the disease— but 

high specificity—that is, an abnormal finding is highly suggestive of the disease. Features 

can be mild and difficult to elicit in the initial stages of disease (Davies et al. 2018).          

DCM should be suspected in any patient walking with an unsteady gait, many times 

presenting as a spastic characteristic, due to compression of the corticospinal tract 

(Karadimas et al. 2015). Concomitant presence of changes in the upper limbs, such as 

weakness, numbness or loss of manual skills (such as writing), associated with gait changes, 

should further increase the degree of suspicion of DCM (Amenta et al. 2014).                                   

Clinical examination may reveal the presence of a bilateral (although asymmetric) 

impairment in lower limbs, with or without spastic hypertonia, Babinski’s sign, clonus, 

paresis and proprioceptive loss (Wang et al. 2016). Iliopsoas and quadriceps femoris are the 

most affected muscles concerning motor weakness, with distal muscles being affected less 

commonly (Chiles et al. 1999) Commonly reported symptoms and examination findings in 

DCM are summarised in this overview (Tracy and Bartleson 2010b). 
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Tab. 1. Symptoms of DCM  

 

• Neck pain/stiffness; 

• Unilateral or bilateral limb/body pain; 

• Upper limb weakness, numbness, or loss of dexterity; 

• Lower limb stiffness, weakness, or sensory loss; 

• Paraesthesia (tingling or pins and needles sensations); 

• Autonomic symptoms such as bowel or bladder incontinence, erectile dysfunction, or 

difficulty passing urine; 

• Imbalance/unsteadiness; 

• Falls. 
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Tab.2. Signs of DCM  

 

• Motor signs 

• Pyramidal weakness (Upper limb; extensors more than flexors. Lower limb: 

flexors more than extensors) ; 

•  Limb hyperreflexia; 

•  Spasticity (e.g. clasp knife sign); 

•  Clonus, especially Achilles tendon; 

•  Hoffman’s sign (thumb adduction/flexion +/− finger flexion after forced flexion 

and sudden release of a finger, distally); 

•  Babinski’s sign; 

•  Segmental weakness (corresponding to the level of compression); 

• Sensory loss (limb and/or trunk); 

• Lhermitte’s sign (electric shock sensation down the spine, or into the limbs, on 

neck flexion or extension, present in severe cases); 

• Gait disturbance. 
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5.  Classification systems used in patients with DCM 

A number of classification systems have been generated to assess severity of DCM. The 

most commonly utilized is the modified Japanese Orthopaedic Association (mJOA) 

classification, grading motor dysfunction in both upper and lower extremities as well as 

sensation and bladder control to characterize patients as mild (mJOA 15–17), moderate (12–

14), or severe (0–11)  (Fehlings et al. 2017). 

 

Tab. 3 mJOA classification scale (Fehlings et al. 2017) 
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Numerous other classification scales have been utilized in the literature, including the 

Myelopathy Disability Index, Prolo Scale, Cooper myelopathy scale and Nurick Scale. The 

Nurick Grading Scale focuses primarily on gait assessment, ranging from grade 0 (signs and 

symptoms of root involvement without evidence of spinal cord disease) to 5 (chairbound or 

bedridden) (Nurick 1972). Although commonly utilized and frequently correlated with 

surgical outcome, the Nurick score is considered less sensitive than the mJOA given its focus 

on lower limb function. One systematic review was unable to find a conclusive association 

with a number of predictors of outcome for DCM, unlike the more widely utilized mJOA 

score (Tetreault et al. 2016). 

Tab. 4. Nurick grading scale, based on Nurick, 1972 

Grade  Signs and symptoms 

0 

1 

2  

3 

                                        

4 

5 

Patient has signs and symptoms of root involvement but no spinal cord disease 

Patient has signs of spinal cord disease with difficulty walking 

Patient has slight difficulty walking that does not prevent full-time employment 

Patient has difficulty walking that prevents full-time employment or completion of 

daily tasks, but does not require assistance with walking                                                                                             

Patient is able to walk only with a walker or human assistance 

Patient is chair bound or bedridden 
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Tab. 5. Prolo myelopathy scale updated by Vitzthum 2007 

Economic status  

 

 

1. Complete invalidity 

2. No gainful occupatioin, including ability to do housework, or 

continue retirement activities 

3. Able to work but not at previous occupation; able to perform 

housework and retirement activities 

4. Working at previous occupation part-time or limited status 

5. Able to work at previous occupation with no restriction of any kind 

  

 

Functional status 1. Total incapacity 

2. Difficulty in walking, needing a cane or crutch or persistent 

moderate motor weakness in upper limb 

3. Slight difficulty in walking, but without help; slight motor weakness 

in upper limb, moderate pain, persistent paraesthesia 

4. No difficulty in walking, no motor weakness in upper limb, no pain, 

but persistent paraesthesia 

5. No difficulty in walking, no motor weakness in upper limb, no pain, 

no paraesthesia, able to perform sports activities 
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Tab. 6 Cooper myelopathy scale, updated by Vitzthum, 2007 

Upper extremity function 

(grade) 

   0 

   1 

   2 

   3 

   4 

 

 

Intact 

Sensory symptoms only 

Mild motor deficit with some functional impairment 

Major functional impairment in at least one upper extremity but upper extremities 

useful for simple tasks 

No movement or flicker of movement in upper extremities: no useful function 

Lower extremity function 

(grade) 

   0 

   1  

   2 

   3 

   4 

 

 

Intact 

Walks independently but nor normally 

Walks but needs cane or walker 

Stands but cannot walk 

Slight movement but cannot walk or stand 

 

El-Zuway et al. suggested that these myelopathic scales are inherently subjective in nature. 

As a result, they proposed a ten-point myelopathic scale for DCM based on myelopathic 

signs from clinical examination. Statistically, this scale significantly correlated with 

postoperative improvement in DCM patients, but was based on a small number of patients 

(n = 36) and further studies are needed to validate this scale (El-Zuway et al. 2016). Each of 

the proposed scales provides another aspect of assessment and means to follow patients both 

pre and postoperatively. However, in general, it is believed that DCM is reasonably well 

followed with the mJOA in conjunction with objective testing of DCM patients, with 

examination of myelopathic signs and objective measures of grip strength, dexterity, 
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balance, and gait (El-Zuway et al. 2016). As such, most recommendations for determining 

severity of DCM in patients and clinical decision making primarily utilize mJOA. 

The Neck Disability Index (NDI) is a ten item self-assessment measure developed to assess 

disability in patients with neck pain following “whiplash” injury (Vernon and Mior 1991). 

It is now widely utilized in the evaluation of operative spine patients. The domains assessed 

in the NDI include pain intensity, personal care, lifting, reading, headache, concentration, 

work, driving, sleep, and recreation. The challenge in adapting the NDI to DCM patients is 

that function, not pain, is the primary concern [30]. 

 

Tab. 7. Neck disability index, adapted by Vernon, 1991 

  

Section 1 – Pain Intensity 

 I have no pain at the moment 

 The pain is very mild at the moment 

 The pain is moderate at the moment 

 The pain is fairly severe at the moment 

 The pain is very severe at the moment 

 The pain is the worst imaginable at the moment 

 

Section 2 – Personal Care (washing, dressing, etc.) 

 I can look after myself normally without causing extra pain 

 I can look after myself normally, but it causes extra pain 

 It is painful to look after myself, I am slow and careful 

 I need some help but manage most of my personal care 

 I need help every day in most aspects of self-care 

 I do not get dressed; I wash with difficulty and stay in bed  
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Section 3- Lifting 

 I can lift heavy weights without extra pain 

 I can lift heavy weights, but it gives me extra pain 

 Pain prevents me from lifting heavy weights off the floor, but I 

can manage, if they are conveniently positioned- for example 

on the table 

 Pain prevents me from lifting heavy weights, but I can manage 

light to medium weights if they are conveniently positioned 

 I can lift only very light weights 

 I cannot lift or carry anything at all 

 

Section 4- Reading 

 I can read as much I want to with no pain in my neck 

 I can read as much I want to with slight pain in my neck 

 I can read as much I want to with moderate pain in my neck 

 I can´t read as much I want because of moderate pain in my 

neck 

 I can´t hardly read at all because of severe pain in my neck 

 I cannot read at all 

 

 

Section 5- Headaches 

 I have no headaches at all 

 I have slight headaches that come infrequently 

 I have moderate headaches that come infrequently 

 I have moderate headaches that come frequently 
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 I have severe headaches that come frequently 

 I have headaches almost all the time 

 

Section 6- Concentration 

 I can concentrate fully when I want to with no difficulty 

 I can concentrate fully when I want to with slight difficulty 

 I have a fair degree of difficulty in concentrating when I want 

to 

 I have a lot of difficulty in concentrating when I want to 

 I have a great deal of difficulty in concentrating when I want to 

 I cannot concentrate at all 

 

Section 7 – Work  

 I can do as much work as I want to  

 I can only do my usual work, but not more 

 I can only do most of my usual work, but not more 

 I cannot do my usual work 

 I cannot hardly do any work at all  

 I can´t do any work at all 

 

 

Section 8 - Driving 

 I can drive my car without any neck pain 

 I can drive my car as long as I want to with slight pain in  my 

neck 

 I can drive my car as long as I want to with moderate pain in  

my neck 
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 I can´t drive my car as long as I want to because of moderate 

pain in  my neck 

 I can´t drive my car as long as I want to because of severe pain 

in  my neck 

 I can´t drive my car at all. 

 

Section 9- Sleeping 

 I have no trouble with sleeping  

 My sleep is slightly disturbed (less than 1 hour sleepless) 

 My sleep is mildly disturbed (1-2 hours sleepless) 

 My sleep is moderately disturbed (2-3 hours sleepless) 

 My sleep is greatly disturbed (3-5 hours sleepless) 

 My sleep is completely disturbed (5-7 hours sleepless) 

 

Section 10- Recreation 

 I am able to engage in all my recreation activities with no neck 

pain at all 

 I am able to engage in all my recreation activities with  some 

pain in my neck 

 I am able to engage in most, but not all of my usual recreation 

activities because of pain in my neck 

  I am able to engage in a few of my recreation activities because 

of pain in my neck 

 I can hardly do any recreation activities because of pain in  my 

neck 

 I can´t do any recreation activities at all. 
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6. Diagnostic imaging  

 

6.1. Plain film (X-rays) 

 

Plain film still remains an inexpensive initial radiological evaluation of the spine in DCM 

patients. Anteroposterior (AP), lateral and oblique radiographs can be acquired easily at the 

time of consultation. In the evaluation of spondylosis, plain radiographs are commonly used 

as the first-line imaging (Mason 1999).  This is an indication of the underlying pathology 

but not diagnostic, as these findings are common in the adult population (Gore et al. 1986). 

Narrowing of the disc space, facet joint arthrosis, bone spurs, OPLL, and kyphotic alignment 

may be visualized on a standard lateral plane X-ray. Measurement of the AP diameter is 

typically determined on a lateral plain film, as the distance from the posterior surface of the 

vertebral body to the closest point on the spinolaminar line at the pedicle level (Green et al. 

2012).                  

Spondylotic changes often lead to a stiffening of the involved segments. Adjacent segments 

of the spine may be hypermobile to compensate for the decreased motion at the spondylotic 

levels. This hypermobility can result in a dynamic compression of the spinal column and 

may not be seen on routine MRI. Therefore, flexion-extension radiographs should be 

included in the radiographic evaluation of the patient with DCM. Instability is suggested 

where translation of >3.5 mm and sagittal plane angulation of >11 degrees are present (White 

and Panjabi 1987). Additional oblique views are useful for visualizing foraminal narrowing. 

Comparison of standing radiographs with supine radiographs provides important 

information about the stability and motion of the cervical spine under a physiological load 

(Lebl et al. 2011).                                             

In addition to the above-mentioned alterations, the radiographs can be used to estimate the 

degree of cervical canal stenosis measured by the Pavlov- Torg index (Suk et al. 2009). It is 

known as the spinal canal to vertebral body ratio and is determined by dividing the sagittal 

diameter of the spinal canal by the sagittal diameter of the vertebral body (usually at C5 

level) (Pavlov et al. 1987). According to Pavlov et al., if the ratio of the sagittal distance of 

the spinal canal to the anteroposterior diameter of the vertebral body is ≤ 0.82, then cervical 

spinal stenosis is present (Pavlov et al. 1987). 
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6.2. Computed tomography (CT)      

MRI is currently the best imaging modality to identify the structural causes of a patient’s 

myelopathy and visualize neural tissue and spinal cord abnormalities (Tracy and Bartleson 

2010b). CT in isolation lacks the soft tissue detail achieved with MRI scanning. However, 

CT is still a useful modality when there is a contra-indication to MRI and where a metal 

artefact is obstructing the anatomy. Similar to radiographs, CT provides an excellent view of 

bony structures (Waly et al. 2017) Plain radiogram and especially CT are important for 

verification of cervical spinal stenosis (Kovaľová et al. 2015). Additionally,  CT scanning 

was found to be superior to other radiographic modalities in diagnosing and classifying the 

type of OPLL (Abiola et al. 2016). CT is widely available, fast and easy to access, allowing 

primary care physicians to order these investigations without long wait times. The view of 

soft tissues offered by CT is poor, however, and not sufficient to identify spinal cord 

compression.   

 

   6.2.1. CT myelography   

CT myelography is an important imaging modality that combines the advantages of 

myelography and the high resolution of CT. It provides a detailed delineation of pathological 

spine conditions, especially those involving the thecal sac and its contents. However, the role 

of CT myelography has dramatically and appropriately decreased with the advent of MRI, 

which provides a non-invasive method to demonstrate pathological spine conditions with 

high signal intensity in soft tissues (Dm et al. 2020). However, there remain some situations 

in which CT myelography is indicated and plays a critical role in patient treatment. CT 

myelography is an invasive technique in which contrast dye is injected into the lumbar 

cistern prior to CT imaging, providing excellent visualisation of the contour of the spinal 

cord and potentially compressive surrounding structures. CT myelography however involves 

risks and is an uncomfortable or painful procedure.  
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   6.2.2. CT angiography 

CT angiography may be useful to identify anomalous vertebral artery anatomy. This most 

commonly affects C1 and C2 levels, in which cases CT (or MRI) angiography should be 

performed, but occasionally subaxial cervical levels have a vertebral artery and foramen 

transversarium with an abnormally medial position that poses a serious risk of injury (Martin 

et al. 2018b). 

 

6.3. Magnetic resonance imaging (MRI)  

MRI is the crucial imaging modality for DCM diagnosis, because it clearly shows the outline 

of the spinal cord and nerve roots in relation to surrounding cerebrospinal fluid (CSF). 

Conventional clinical MRI is primarily acquired in the sagittal orientation to evaluate SC 

signal abnormalities, such as the presence of T2-w hyperintensities and T1-w 

hypointensities. Conventional MRI can delineate the nature and degree of degenerative 

changes, reveal decreases in the diameter of the spinal canal, identify compression of the 

spinal cord, and detect signal intensity changes within the spinal cord parenchyma 

(Badhiwala et al. 2020). Any deformation of the spinal cord from its normal shape 

(flattening, indentation, torsion, or circumferential narrowing due to adjacent tissues) should 

be considered a type of compression that may cause neurological dysfunction (Martin et al. 

2018a). MRI can also differentiate DCM from mimicking conditions or other causes of 

myelopathy (for example, a tumour, demyelinating plaques or syringomyelia) (Badhiwala et 

al. 2020) T2-weighted (T2-w) images show the greatest contrast between spinal cord and 

CSF (Martin et al. 2018b).                                                             

Spinal cord compression is a key mechanism for the development of DCM, which along 

with complex pathophysiological mechanisms leads to a variety of symptoms. While MRI 

signs of NMDCCC are found in half of randomly examined individuals over the age of sixty 

(Kovalova et al. 2016b), they are inconsistently associated with myelopathic signs and 

symptoms. The hyperintensity on T2-weighted scans ( which are usually considered 

“typical” MRI signs of DCM) are only present in less than half of individuals with clinically 

symptomatic DCM (Matsuda et al. 1991; Matsumoto et al. 2000; Hori et al. 2014). In 

addition to the conventional clinical description of signal changes, sequences with a 

sufficient axial in-plane resolution below 1 mm and good contrast between white/grey matter 

and cerebrospinal fluid  (typically 3D isotropic T1-w and 2D axial multi-echo gradient echo 
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T2*-w sequences) allow for assessing morphometric metrics, in order to further validate the 

severity of compression (Valošek et al. 2021)                

The current gold standard for DCM diagnosis remains any MRI sign of CSC compression 

(with or without hyperintensity on T2-w) along with clinical signs and symptoms of 

myelopathy. However, the current clinical MRI protocol can only confirm degenerative 

aetiology of the stenosis. Abnormalities in signal intensities are insufficient to reflect specific 

cellular and biochemical pathophysiological processes. The reliable MRI marker that will 

allow detailed description of microstructural/neurochemical changes, and thus improve 

prediction of NMDCCC progression to DCM, has not been established yet.  To date, studies 

have not defined a clear-cut quantitative MRI measure of cervical canal stenosis and CSC 

compression that could be used as a specific indicator of mild CSC compression of 

“impingement” type in particular.  Whereas numerous quantitative MRI parameters 

quantified severity of compression in patients with symptomatic myelopathy (Nouri et al. 

2016), utilizing compression ratio (CR) or maximum CSC compression (MSCC)  (Fehlings 

et al. 1999), the detection of the initial compression stages that lead primarily to 

microstructural CSC alteration and manifest as a subclinical, preclinical, non-myelopathic 

condition has not been established.     Our studies confirmed that an AP diameter of the 

cervical spinal canal of <9.9 mm and CR ≤0.5 has the highest discriminative power between 

NMDCCC and healthy individuals, and the cross-sectional area (CSA) of the cervical spinal 

cord has the best discriminating ability between DCM and NMDCCC (Kovaľová et al. 2015; 

Kovalova et al. 2016b; Kadanka et al. 2017). The cross-sectional area (i.e. area of the SC in 

the axial plane) of ≤70.1 mm2, and the compression ratio (i.e. the ratio between the 

anteroposterior diameter and the transverse diameter) of ≤0.4 distinguished NMDCCC 

patients who developed symptomatic DCM with sensitivities of 66.7 and 82.5 respectively, 

as well as specificities of 60.0 and 89.7 respectively (Kadanka et al. 2017). Also, the 

compression-related T2-w hyperintensities that are preferentially detected in DCM compared 

to NMDCCC patients have very limited sensitivity for the detection of subtle structural 

damage to the compressed CSC. Our outcomes confirmed that T2-w anatomical imaging 

alone could not confirm NMDCCC or discriminate between NMDCCC and DCM subjects 

(Kovalova et al. 2016a).                                          

Thus, advanced imaging techniques, that allow quantifying microstructural changes, may 

offer diagnostic measures and predictors of long-term outcomes. Recently, the importance 

of dMRI and proton single voxel magnetic resonance spectroscopy (MRS), which can 

elucidate details of microstructural and neurochemical organization of the CSC, is 
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highlighted (Stroman et al. 2014). Despite suggested relevance in degenerative CSC 

alteration, the application of advanced MRI techniques in the CSC is extremely challenging 

(Stroman et al. 2014). The desirable diagnostic tool will provide high sensitivity for detection 

of early CSC changes and will overcome the diagnostic uncertainties of standard MRI 

techniques.   

6.3.1. dMRI   

Diffusion tensor imaging (DTI) can measure the directionality and magnitude of water 

diffusion. Based on the principle that the motion of water along the axis of a bipolar magnetic 

field gradient will induce a phase change causing signal attenuation in MRI, diffusion-

weighted images can be collected. These images are sensitised to microscopic, orientation-

MR dependent motion of water molecules. Since water diffusion occurs within and outside 

cellular structures, the degree of water diffusion in the brain or spine depends on the local 

cellular microstructure. By collecting multiple diffusion-weighted images with different 

encoding gradient directions, it is possible to characterise the three-dimensional pattern of 

water diffusion with a diffusion tensor model, incorporating information about the 

directionality and the magnitude of diffusion at each point in the brain or spine (Le Bihan et 

al. 2001). The orientation dependence of water diffusion measured with DTI can be 

quantified with diffusion anisotropy measures calculated from the diffusion tensor such as 

the fractional anisotropy (FA), which varies in magnitude from a value of 0 (indicating that 

proton spins in water can diffuse randomly in any direction) to a value of 1 (indicating that 

water diffusion is restricted only to one direction) (Ressel et al. 2018). FA values show the 

size of the anisotropy of the analysed structure by taking advantage of the improved 

directional evaluation of water diffusivity in abnormal areas. They are generally decreased 

in the presence of local extracellular oedema, or where a reduced number of fibres results in 

increased extracellular space (Facon et al. 2005). This allows the detection of injury of the 

axons and myelin in white matter, which tends to have highly directional (anisotropic) 

diffusivity (Martin et al. 2018b). The other parameter, apparent diffusion coefficient (ADC), 

is a scalar value reflecting molecular diffusivity under motion restriction. Demyelination and 

oedema by slow compression result in an increased degree of diffusivity, as indicated by 

increased ADC values compared to those of normal tissue (Eguchi et al. 2010). ADC maps 

provide quantitative measures of water diffusion within brain or spine tissue (Le Bihan et al. 

2001). Falon et al. concluded that FA is more sensitive than ADC and T2-w imaging in 

detecting spinal cord abnormalities in patients with acute and slowly progressive cord 
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compression. This parameter derived from DTI MRI images may be a prognostic factor for 

the patient’s clinical outcome after treatment (Facon et al. 2005). Kara et al showed changes 

in DTI parametrics at stenotic segments in patients with DCM; while FA values of the spinal 

cord at the stenotic level showed a statistically significant reduction, there was a statistically 

significant increase in the measured ADC values (Kara et al. 2011). Budzik et al proved (in 

20 symptomatic patients with DCM, matched with 15 volunteers), that FA values were 

significantly correlated with some of the patients' clinical scores. High signal intensity of the 

spinal cord on T2 was not correlated either with the DTI parameters or with the clinical 

assessment, suggesting that FA is more sensitive than T2 imaging (Budzik et al. 2011). In 

our own study (the study group included 130 patients with NMDCCC confirmed by MRI 

and 71 control subjects without signs of NMDCCC) significant variations in FA and ADC 

values emerged when several spinal cord levels were mutually compared in the control group 

(Keřkovský et al. 2017). FA values correlated significantly with age in the NMDCCC group 

and sex had a significant influence on ADC values in both groups. The two diffusion 

parameters in the NMDCCC group differed significantly between patients with clinical signs 

of mild‐to‐moderate myelopathy compared with asymptomatic patients, and correlated with 

measurements of spinal canal morphology (Keřkovský et al. 2017).  FA and ADC values 

enhance the efficacy and accuracy of MRI in the diagnosis of DCM;  hence DTI can be used 

as a non-invasive modality to recognize spondylotic myelopathy changes even in the early 

stages, which can be helpful in deciding on the appropriate timing of decompression surgery 

before irreversible chronic changes set in (Nukala et al. 2019).          

In another of our studies a new MRI method was used.  So-called “high-resolution 3 T 

diffusion MRI” was acquired for 103 NMDCCC and 21 DCM patients and compared to 60 

healthy controls, to reveal diffusion alterations and relationships between tract-specific 

diffusion metrics and corresponding electrophysiological measures and compression 

severity. Relationship between the degree of DCM disability, assessed by the mJOA scale, 

and tract-specific microstructural changes in DCM patients was also explored. The study 

identified diffusion-derived abnormalities in the grey matter, dorsal and lateral tracts 

congruent with trans-synaptic degeneration and demyelination in chronic degenerative 

spinal cord compression with more profound alterations in DCM than NMDCCC. Diffusion 

metrics were affected in the C3-6 area as well as above the compression level at C3, with 

more profound rostral deficits in DCM than NMDCCC. Alterations in lateral motor and 

dorsal sensory tracts correlated with motor and sensory evoked potentials, respectively, 

whereas electromyography outcomes corresponded with grey matter microstructure. DCM 
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disability corresponded with microstructure alteration in lateral columns (Valošek et al. 

2021). 

 

6.3.2. Intravoxel Incoherent Motion Imaging 

 

Intravoxel incoherent motion (IVIM) imaging measures the microscopic movement of water 

molecules caused by capillary perfusion, using a dMRI sequence with low b-values (≤300 

mm2/s) to assess flowing blood fraction and pseudo-diffusion coefficient (Le Bihan et al. 

2001). Pilot IVIM studies in the human SC at 7T in 6 HC (Lévy et al. 2020) and at 3T in 2 

DCM patients, along with 11 HC (Lévy et al. 2020), depicted higher perfusion in GM, 

compared to white matter in HC, and impaired perfusion in DCM patients at compression 

levels. However, interpretation is limited, due to the small sample size and possible influence 

of CSF pulsation (Lévy et al. 2020). IVIM imaging is a promising technique for future DCM 

and NMDCCC studies, as post-mortem studies showed that degenerative compression 

results in hypoperfusion and ischemia in specific white matter/grey matter regions (Le Bihan 

et al. 2001). 

6.3.3. MR spectroscopy 

Proton magnetic resonance spectroscopy (1H -MRS) quantifies the neurochemical profile 

within the spectroscopic volume of interest (i.e. spectroscopic voxel) and provides unique 

information about microstructural or metabolic pathophysiological processes that are 

inaccessible with conventional imaging methods. It is a technique that can characterize 

molecular and metabolic changes in the spinal cord, reflecting neuronal loss, gliosis and 

demyelination (Holly et al. 2017). SC 1H-MRS is challenged by its small transversal area, 

which is further diminished at the compression level. Therefore, 1H-MRS studies in DCM 

patients assessed the neurochemical profile only above the stenosis level and observed 

neurochemical changes rostrally to the compression, likely due to Wallerian degeneration, 

which manifested as increased levels of total creatine (tCr)/total NAA (tNAA) and total 

choline (tCho) (Holly et al. 2017). Recent studies have suggested that MRS may be useful 

for quantitatively assessing subtle biochemical changes within the spinal cord that may 

precede morphologic changes observed with traditional imaging techniques  (Holly et al. 

2009).  Previous investigations using a 1.5T MRI scanner confirmed the feasibility of 

accurately performing MRS in symptomatic DCM patients (Holly et al. 2009). Salamon et 
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al. proved that MRS may capture some of the early and late spinal cord cellular biochemical 

changes that occur in patients with advanced cervical spondylosis and DCM;  the choline/N-

acetyl-aspartate (NAA) ratio had a significant correlation with the mJOA score, providing a 

potentially clinically useful radiographical biomarker in the management of cervical 

spondylosis patients (Salamon et al. 2013).                                 

We have recently published a study concerning this topic. Proton-MRS data were 

prospectively acquired from 73 participants with CSC compression and 47 healthy controls 

(HC). MRS voxel was centred at C2 level. Compression-affected participants were clinically 

categorized as NMDCCC and DCM, radiologically as mild (MC) or severe (SCo) 

compression. CSC volumes and neurochemical concentrations were compared between 

cohorts (HC vs. NMDCCC vs. DCM and HC vs. MC vs. SCo) with general linear models 

adjusted for age and height (p< 0.05) and correlated to stenosis severity, electrophysiology, 

and myelopathy symptoms (p< 0.05). While ratio of total creatine (tCr) to total N-

acetylaspartate (tNAA) increased in NMDCCC (+11%) and in DCM (+26%) and SCo 

(+21%), Myo-inositol/tNAA, glutamate+glutamine/tNAA and volumes changed only in 

DCM (+20%, +73%, and –14%) and SC (+12%, +46%, and – 8%, respectively) relative to 

HC. Both tCr/tNAA and myo-inositol/tNAA correlated with compression severity and 

volume (–0.376<r<-0.256). Myo-inositol/tNAA correlated with myelopathy symptoms, 

whereas CSC volume did not. Short-echo 1H-MRS provided neurochemical signatures of 

CSC impairment that reflected compression severity and clinical significance. While 

volumetry only reflected clinically manifest myelopathy, MRS detected neurochemical 

changes already before the onset of myelopathy symptoms. This study revealed 

neurochemical changes in CSC above the compression level in subjects with radiological 

signs of compression and clinical myelopathy and, for the first time, in non-myelopathic 

participants as well. State-of-the-art MRS demonstrated sufficient sensitivity to reveal early 

changes in non-myelopathic patients and thus might allow the stratification of non-

myelopathic subjects (Horak et al. 2021).  

 6.3.4. Spinal cord toolbox (SCT) 

Although quantitative MRI techniques provide promising predictors of NMDCCC 

progression, the diagnosis of spinal cord compression (SCC) is still based on conventional 

structural MRI. Unfortunately, the definition of SCC is vague and varies between studies, 

leading to bias in meta-analyses derived from global overviews, rendering multi-centre 

studies difficult (Smith et al. 2020). Further, repeated MRI in longitudinal follow-up of mild 
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DCM and NMDCCC requires reliable quantitative measures to assess the potential 

progression of radiological outcomes such as CR and CSA. Personal expert evaluation is 

time consuming, and investigations of its reliability are currently sparse. In 2016, the Spinal 

Cord Toolbox (SCT), an open-source software package for the analysis of spinal cord MRI 

data was introduced (De Leener et al. 2017). Among its plethora of functionalities, SCT 

includes tools for automated spinal cord segmentation and subsequent morphometric 

analysis (De Leener et al. 2017). SCT allows one to extract routinely-used radiological 

measures such as right left diameter (RL), anterior-posterior diameter (AP) and CSA, but 

also parameters reflecting the indentation and torsion of the spinal cord. SCT is primarily 

designed for quantitative analysis of the spinal cord, thus the analysis of the surrounding 

anatomical structures is limited. Martin et al. recently compared automated shape analysis 

of metrics computed by SCT with expert evaluation and reported excellent results (Martin 

et al. 2018a). They also proposed an objective definition of SCC as deviation from normal 

in any of three quantitative parameters that reflect flattening, indentation, and torsion. 

However, the number of participants in their study was limited—20 healthy controls and 20 

NMDCCC patients—while, for some parameters, the cut-off values were defined on the 

basis of only 3–7 abnormal values (flattening) or 8 abnormal values pooled over different 

intervertebral levels (torsion).                                          

We have recently published a study, which demonstrated successful semi-automated 

detection of cervical spinal cord compression based on four SCT-derived morphometric -

parameters. The parameters extracted using SCT exhibited lower variability than the experts’ 

manual ratings in RL, AP, CR and CSA. Further, SCT enabled exact quantification of 

indentation and torsion. Introduction of SCT into radiological evaluations may bring more 

reliable results to longitudinal and multicentre studies. The approach also saves a great deal 

of time, perhaps enabling its routine use in the assessment of the natural course of NMDCCC 

and mild DCM; the rate of progression may well become a valid predictor of whether the 

patient would benefit from surgery or not (Horáková et al. 2022).  

 

 

 

 

 



40 
 

7. Electrophysiological assessment 

Many patients with DCM present to primary care physicians or specialists with upper 

extremity complaints that may be attributable to nerves. While the history, physical 

examination and diagnostic imaging provide some level of certainty as to the aetiology of a 

patient’s symptoms, it is possible that electrodiagnostic testing further refines the diagnosis. 

The electrodiagnostic consultation adds considerably to clinical decision-making in patients 

with upper extremity neurologic complaints. It is also used to monitor the severity of a lesion, 

to provide prognosis, to map out the exact location of a lesion for surgical intervention, and 

to provide some estimate of the age of a lesion that may assist in differentiating current from 

previous complaints in a similar region. With nerve illnesses, EMG can define the type of 

pathology and thus provide valuable clues as to the aetiology and treatment of the 

neuropathy. The value of electrophysiological studies in the assessment of DCM is threefold: 

first, it aids diagnosis and enables longitudinal assessment; second, it enables the coexistence 

of cervical radiculopathy to be ruled out; and third, it enables neuromuscular diseases such 

as ALS, peripheral neuropathy and motor neuron disease, which can mimic DCM, to be 

ruled out (Badhiwala et al. 2020).  Nerve conduction studies are useful to rule out peripheral 

polyneuropathy, peripheral nerve entrapment (for example, carpal tunnel syndrome or 

cubital tunnel syndrome) and brachial plexopathy (Tetreault et al. 2015). These studies can 

also indicate extensive damage to anterior horn cells, which causes reductions in the 

amplitude of compound motor action potentials, although sensory nerve conduction studies 

sometimes reveal no abnormalities. F-wave recordings allow for the determination of a total 

peripheral conduction time from the anterior horn cell to the muscle, which thus includes the 

conduction over the motor root to its exit from the intervertebral foramen. The F-wave is 

usually normal in mild cases of radiculopathy. Distinct delay of the F-wave or a reduced 

number of clearly distinguishable F-waves after a given number of supramaximal peripheral 

stimuli, in association with normal distal motor conduction, is a sign of a proximal lesion 

(Dvorak et al. 2003).                                                                                            

Needle EMG examines segmentally affected muscles, chosen based upon the clinical 

investigation. The needle is repositioned on ten different sites in a muscle in order not to 

miss denervated parts. Increased insertional activity, spontaneous activity (involuntary) such 

as sharp positive waves, fibrillations, fasciculations and diminished motor unit recruitment 

are considered signs of denervation due to deterioration of anterior horn cells (myelopathy 

hands), or due to compression of nerve root. In normal muscles, motor unit action potentials 
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(MUAPs) are elicited only in response to neural discharges. Denervated muscle fibres 

become unstable, as they are no longer under neural control, and individual muscle fibres 

will fire in the absence of neural stimuli. These signs of denervation in EMG can be spotted 

at the earliest about 8 days after the nerve lesion, and are termed acute signs of denervation 

(Dvorak et al. 2003). EMG performed with needle concentric electrodes is the oldest 

neurophysiologic method for diagnosing nerve root compression syndrome. EMG is claimed 

to have almost no false-positive results (Dvorak et al. 2003). It is a highly sensitive technique 

for the detection of damage to anterior horn cells, which occurs in DCM as a result of 

compression and ischaemia.  EMG shows degrees of denervation and the number of roots 

involved, but unfortunately it has no prognostic value (Dvorak et al. 2003). The 

electrodiagnostician is compelled to perform a study sufficient to confidently identify or 

exclude cervical radiculopathy. Studies involving a large number of muscles, however, are 

uncomfortable to the patient. For this reason, delineating an optimal EMG screening 

examination that allows the examiner to identify a cervical radiculopathy (when one can be 

electrodiagnostically confirmed) yet minimizes the number of muscles studied to prevent 

excessive patient discomfort is of great clinical interest. Some radiculopathies cannot be 

confirmed by needle EMG. Radiculopathies that exclusively cause sensory root 

involvement, for example, will not produce abnormal EMG findings. If the rate of 

denervation is balanced by reinnervation in the muscle, then spontaneous activity is less 

likely to occur. Although EMG findings correlate with spinal imaging (myelography and 

magnetic resonance imaging) and intraoperative findings, there are some radiculopathies 

which demonstrate denervation potentials on EMG but show no anatomic structural reasons 

to explain this muscle denervation. This has been termed chemical or inflammatory 

radiculitis.  Conversely, patients can have a clear structural cause of nerve root compromise 

and yet have a normal EMG. Dillingham et al published a so- called “concept of a screening 

EMG” (Dillingham et al. 2001). This concept encompasses detecting the possibility of an 

electrodiagnostically confirmable radiculopathy. If one of the muscles in the screen is 

abnormal, the screen must be expanded to exclude other diagnoses, and to fully delineate the 

radiculopathy level. This screening EMG study involves determining whether the 

radiculopathy can be confirmed by EMG. If the radiculopathy cannot be confirmed, then 

presumably no number of muscles can identify the radiculopathy. The process of 

identification can be conceptualized as a conditional probability. Given that a cervical 

radiculopathy can be confirmed by needle EMG, what is the minimum number of muscles 

which must be examined to confidently recognize or exclude this possibility? Despite the 
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great potential for minimizing the physicians’ time and patients’ discomfort, the optimal 

number of muscles for evaluating patients with limb symptoms has received little attention 

in the literature. Determining how many and which muscles to study to successfully detect 

a cervical radiculopathy (when one can be electrodiagnostically confirmed) is an important 

clinical decision. The results of Dillingham’s study indicate that if six muscles representing 

all cervical root levels and including the cervical paravertebral are studied, then the examiner 

can be confident of detecting a cervical radiculopathy, which can be confirmed by EMG. 

Adding additional muscles results in only marginal increases in identification, although 

100% identification is achieved with several seven muscle screens. Studies involving eight 

muscles provide no better identification than seven muscles. This study begins to clarify for 

electrodiagnosticians the point of diminishing returns, beyond which diagnostic certainty for 

detecting a cervical radiculopathy is not enhanced by examining more muscles. The most 

commonly investigated muscles in this study were deltoid, biceps, triceps, flexor carpi 

ulnaris, flexor carpi radialis, extensor digitorum communis, first dorsal interosseous, and 

pronator teres (Dillingham et al. 2001).                                                                                                              

In our EMG laboratory we usually perform conduction studies on six motor nerves     

(median, ulnar, and tibial nerves bilaterally) and   six sensory (median, ulnar and sural nerves     

bilaterally) using conventional techniques. Needle EMG from four muscles (deltoid, biceps    

brachii, triceps brachii, and first dorsal interosseous) is usually done bilaterally with    

assessment of spontaneous activity, motor unit potential parameters, and interference 

patterns. EMG signs of acute motor axonal neuropathy in one myotome (C5–Th1) 

corresponding with   radicular signs and symptoms are classified as radicular. EMG signs of 

acute, subacute, or chronic motor axonal neuropathy, established in  more than one   

myotome (C5–Th1) unilaterally or bilaterally, are classified as  signs  of  anterior horn cell 

lesion resulting from DCM (Kadanka et al. 2017).                               

DCM is a common ALS mimic syndrome, because both diseases occur at a higher frequency 

in elderly people and there is a possible overlap when ALS patients lack bulbar signs. 

Identifying the occurrence of ALS in patients with a clinical and radiological diagnosis of 

DCM could be challenging. ALS is frequently complicated by cervical spondylosis: indeed, 

it can be detected in almost half of ALS patients (Yamada et al. 2003). Recognizing ALS in 

DCM patients is extremely important to prevent the patient suffering from DCM + ALS 

being subjected to invasive treatments: indeed, ALS patients are at high risk for 

intraoperative and postoperative complications, and general anaesthesia may exacerbate 

respiratory failure. Moreover, no improvement has been shown for decompressive spinal 
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surgery in ALS patients in 86% of cases , and there is evidence that surgical interventions 

could even accelerate progression of ALS, probably due to surgical stress and anaesthesia 

(Yoshor et al. 2005). The neurophysiologically based Awaji criteria were developed for use 

in conjunction with the clinical criteria as set out in the revised El-Escorial criteria, in an 

attempt to reduce diagnostic delay (de Carvalho et al. 2008). The Awaji criteria proposed 

that neurophysiological features of lower motor neuron (LMN) dysfunction, including 

chronic and ongoing neurogenic changes (fibrillation potentials/- positive sharp waves) were 

equivalent to clinical LMN signs. In addition, fasciculations were deemed to be a biomarker 

of LMN dysfunction when combined with chronic neurogenic changes. Subsequently, the 

diagnostic utility of the Awaji criteria was assessed in retrospective and prospective studies, 

which established an increased or comparable sensitivity when compared to the older El-

Escorial criteria.                                                                                                           

Hirayama disease (HD) is a rare type of cervical myelopathy related to flexion of the neck 

characterized by progressive muscular weakness and atrophy of the distal upper limbs, most 

frequently seen in young males. HD is thought to be secondary to an abnormal anterior 

displacement of the posterior dura with secondary compression of the lower cervical spinal 

cord and chronic injury to the anterior grey matter horns.  HD has been mainly reported from 

Asia, with fewer case reports from Europe and North America, including our own case 

reports  (Kadaňka and Mičánková Adamová 2014). Nerve conduction studies and EMG 

findings is usually consistent with a spinal metameric disorder involving the C7-T1 

myotomes (pronator teres, flexor carpi radialis, flexor carpi ulnaris, and abductor digiti 

minimi muscles etc.). Brachioradialis muscle is typically spared.                             

Somatosensory evoked potentials (SSEPs) can be used to evaluate the degree of central 

sensory conduction impairment in DCM, which manifests as latency or low amplitude 

(Tracy and Bartleson 2010b). Similarly, motor evoked potentials (MEPs) can be used to 

detect a prolonged central motor latency (Bednarik et al. 2008b).  Some clinicians have 

advocated the use of SSEPs and MEPs in the routine examination of patient with DCM to 

maximize sensitivity and specificity in making the diagnosis  (Dvorak et al. 2003).  

SSEPs and MEPs can also be helpful in the setting of asymptomatic (preclinical) 

degenerative cervical spinal cord compression, as they can detect subclinical involvement of 

the spinal cord or nerve roots, thereby identifying patients who should be monitored 

vigilantly for development of myelopathy (Bednarik et al. 2008b)              

SSEPs and MEPs are routinely used for intraoperative neurophysiological monitoring  

(Decruz et al. 2020). Some studies have demonstrated that neurophysiological recording of 
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spinothalamic pathways (contact heat evoked potentials (CHEPs)) is a feasible and sensitive 

approach to the assessment of damage to central sensory nerve fibres. This damage usually 

occurs at the segmental crossings of the spinothalamic pathways, as DCM has a high impact 

on centromedullary areas of the spinal cord. In this context, CHEPs are more sensitive to 

damage than SSEPs and enable assessment of individual cervical segments by testing along 

defined dermatomes (Granovsky et al. 2016). 
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8. Conservative treatment in degenerative cervical myelopathy 

There is a paucity of high-quality studies relating to the optimal management of patients with 

mild DCM. However, in the absence of robust evidence, Fehlings and colleagues 

recommend offering a trial of supervised, structured rehabilitative therapy as a conservative 

treatment measure (Fehlings et al. 2017). If there is no improvement or there is worsening 

with conservative treatment, surgical treatment is recommended. Conservative treatment 

might also be indicated owing to patient preference or unacceptable surgical risk. Examples 

of conservative treatment include structured, careful physiotherapy, a soft neck collar, 

massage, and medication; however, there is a lack of evidence-based approaches to 

conservative treatment (Kalsi-Ryan et al. 2013; Tetreault et al. 2016; Rhee et al. 2017). 

Cervical manipulative therapy and cervical traction should be avoided in order to prevent 

complications (Sugawara 2018). It is also recommended that patients stay away from 

activities that have high impact on the neck (contact sports, skydiving, etc).             

There are no studies examining the frequency of repeat clinical and imaging examinations 

for those treated conservatively (Bakhsheshian et al. 2017); however, these patients need 

education regarding signs and symptoms that represent deterioration, as well as close clinical 

monitoring and repeat MRI depending on clinical examination findings. Surgical 

intervention is reserved for those who fail to respond to conservative treatment and whose 

symptoms progressively worsen.                            

An important group of patients includes those who are found to have cervical cord 

compression on MRI but no signs and symptoms of myelopathy. Fehlings and 

colleagues recommend following these patients with regular clinic visits but no treatment 

(Fehlings et al. 2017). However, a caveat to this is that if a patient has radiculopathy with 

evidence of cord compression on MRI, these individuals have a higher risk of progressing 

to myelopathy; therefore, surgery might be offered. A systematic review by Wilson et al 

reported that only 8% of patients with evidence of spinal cord compression but who exhibited 

no myelopathic signs or symptoms had developed myelopathy a year later (Wilson et al. 

2013).  These patients should be monitored thoroughly and frequently with repeat MRI and 

physical examination. Owing to the lack of consistent, evidence-based information on the 

natural history, recommendations for treatment must be largely determined on an individual 

basis (Karadimas et al. 2015; Fehlings et al. 2017). 
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9. Operative treatment in degenerative cervical myelopathy 

Surgical treatments, such as anterior or posterior decompression accompanying 

arthrodesis, arthroplasty, or laminoplasty should be considered for patients with chronic 

progressive cervical myelopathy who are nonresponsive to conservative treatment. 

Fehlings et al recommend surgical treatment for all patients with severe (mJOA 0-11) and 

moderate (mJOA 12-14) DCM (Fehlings et al. 2017). The goal of surgical treatment is to 

relieve the mechanical compression of the spinal cord and extend the spinal canal. The 

selection of the appropriate surgical treatment should be individualized according to levels 

of involved pathologies, clinical manifestations and radiological factors.  

Surgical Procedures 

The surgical procedures commonly performed to treat DCM are: 

Anterior cervical diskectomy and fusion 

• Anterior cervical corpectomy and fusion 

• Anterior cervical diskectomy and disk replacement 

• Laminectomy and fusion 

• Laminoplasty. 

The type of selected procedure depends on a number of factors, including the patient’s 

overall health and the type and location of the problem. Studies have not shown one approach 

to be better than another. Surgery should be individualized. Depending on the procedure, 

surgery for DCM is performed either from the front of the neck (anterior) or the back 

(posterior). In some cases, both anterior and posterior approaches may be necessary to 

address spinal cord compression and instability. Each approach has advantages and 

disadvantages. 

 

Spinal Fusion 

Whether an anterior or posterior approach is used, procedures for DCM often include spinal 

fusion to help stabilize the spine. Spinal fusion is essentially a welding process. The basic 

idea is to fuse together the vertebrae so that they heal into a single, solid bone. Fusion 

eliminates motion between the degenerated vertebrae and takes away some spinal flexibility. 

The theory is that if the painful spine segments do not move, they should not hurt. Also, 

degeneration occurs only when there is motion, so by eliminating motion, more degeneration 

https://orthoinfo.aaos.org/en/treatment/spinal-fusion/
https://orthoinfo.aaos.org/en/treatment/spinal-fusion/
https://orthoinfo.aaos.org/en/treatment/spinal-fusion/
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does not occur. All spinal fusions use some type of a bone graft, to help promote the fusion. 

The small pieces of bone are placed where disk or bone has been removed. Sometimes larger, 

solid pieces are used to provide immediate structural support to the vertebrae. 

Bone graft sources.           

Bone graft material is used to fill in the space left after a disk is removed. It is also placed 

along the sides of the vertebrae to assist the fusion. A bone graft is primarily used to 

stimulate bone healing. It increases bone production and helps the vertebrae heal together 

into a solid bone. The bone graft will come from autograft or from allograft. If an autograft 

is used, the bone is usually taken from a hip area, but only a small amount is used. Most 

autografts are harvested from the iliac crest of the hip. 

Anterior Approach 

Anterior cervical diskectomy and fusion.                 

During this procedure, the problematic disk and any additional bone spurs are removed, if 

necessary, then the spine is stabilized through spinal fusion. Typically, a plate with screws 

is added to the front of the spine for added stability. Plates and screws are used to provide 

stability and increase the rate of fusion. 

Anterior cervical corpectomy and fusion.         

This procedure is similar to diskectomy, except that instead of only the disk, more bone (one 

or more of the vertebrae) is also removed because the compression is caused by a significant 

bone spur. The difference between a corpectomy and diskectomy is the extent of bony 

removal. As in diskectomy, the spine is then stabilized through spinal fusion. 

In some cases, both the disk and bone may be pressing on the spinal cord. In this situation, 

a combination of diskectomy and corpectomy may be performed. 

Anterior cervical diskectomy and disk replacement.              

During this procedure, the problematic disk and any additional bone spurs are removed, if 

necessary, just as in the anterior cervical diskectomy and fusion. Instead of placing bone, 

cages, plates, and screws, an artificial disk can be placed to preserve motion. Not every 

patient is a candidate for a disk replacement. 

https://orthoinfo.aaos.org/en/treatment/bone-grafts-in-spine-surgery/
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Posterior Approach 

Posterior approaches for decompression include laminectomy (typically with a posterior 

fusion) and laminoplasty. These procedures are often also accompanied by spinal fusion. 

Laminectomy.                 

In this procedure, the bony arch that forms the backside of the spinal canal (lamina) is 

removed along with any bone spurs and ligaments that are compressing the spinal cord. 

Laminectomy relieves pressure on the spinal cord by providing extra space for it to drift 

backward. Although laminectomy ensures complete decompression of the spinal cord, the 

procedure makes the bones less stable. For this reason, patients who undergo laminectomy 

frequently require spinal fusion with a bone graft and possibly screws and rods. Posterior 

laminectomy is often recommended for people who have very small spinal canals, enlarged 

or swollen soft tissues at the back of the spine, or problems in more than four spine segments 

(levels). In a patient with a kyphotic spine, the spinal cord will not float or shift backward 

— so a combined posterior and anterior approach is used to ensure the best outcome. 

Laminoplasty.                  

In this alternative to laminectomy, instead of removing the bone, the lamina is thinned out 

on one side and then cut on the other side to create a hinge — much like a door. Using the 

hinge to open this bony area expands the space available for the spinal cord. Laminoplasty 

preserves from 30 to 50% of motion at the involved levels of the spine. This is a greater 

percentage than either laminectomy or anterior surgery. Since neck pain is often related to 

motion — and some motion still remains after the procedure — patients may still have neck 

pain after laminoplasty. Another disadvantage is that, in some cases, the lamina that is hinged 

can inadvertently close. 

 

 

Combined Approach 

Some patients will require combined anterior and posterior approaches to ensure the best 

outcome. This includes patients who have: 

• Fixed or severe kyphosis (abnormal forward cervical spine curvature) 

• Severe osteoporosis that has weakened the bone 

• Multiple levels of involvement requiring supplemental stabilization 
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  Advantages Disadvantages 

Anterior 

Approach 

• Good relief of neck pain 

• Spine is stabilized with 

fusion 

• Restores alignment of the 

spine 

• Direct removal of 

problem structures 

• Anterior approach complications (difficulty 

breathing, injury to esophagus 

• Bone graft complications 

• Loss of motion 

• Swallowing difficulty or hoarseness 

 
 

  

 

 

 

Advantages 

 

 

 

Disadvantages 

Posterior 

Approach 

• Less motion loss 

(laminoplasty) 

• May address more spine 

levels 

• Avoids bone graft 

complications 

• Wound complications 

• Inadequate decompression possible 

• Cannot be used for kyphotic spines 

• Late instability or deformity (laminoplasty) 

• Inconsistent relief of neck pain 

(laminoplasty) 

•  
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10. Commented review of own manuscripts  

 

1. Kadanka Z Jr., Kadanka Z Sr., Skutil T, Vlckova E, Bednarik J. Walk and Run Test 

in Patients with Degenerative Compression of the Cervical Spinal Cord. J Clin Med 

2021; 10(5): 927. doi.org/10.3390/jcm10050927.   IF 4,241   Q1 

Impaired gait is one of the cardinal symptoms of DCM and frequently its initial presentation. 

Quantitative gait analysis is therefore a promising objective tool in the disclosure of early 

cervical cord impairment in patients with degenerative cervical compression. The aim of this 

cross-sectional observational cohort study was to verify whether an objective and easily used 

walk and run test can detect early gait impairment in a practical proportion of NMDCCC 

patients and of revealing any correlation with severity of disability in DCM. The study group 

consisted of 45 DCM patients (median age 58 years), 126 NMDCCC subjects (59 years), 

and 100 healthy controls (HC) (55.5 years), all of whom performed a standardized 10-meter 

walk and run test. Walking/running time/velocity, number of steps and cadence of 

walking/running were recorded.           

Significant differences were evident in all gait parameters among all the studied groups: 

analysis disclosed abnormalities in 66.7% of NMDCCC subjects. In comparison with 

healthy controls, NMDCCC patients took longer to complete the ten meters at a run or 

walking, moved at lower speeds and required higher numbers of steps. Abnormality within 

the walking parameters appeared in 46.8% of NMDCCC subjects. Time/velocity exhibited 

the highest sensitivity (45.2%), followed by number of steps (16.7%), and cadence (4.8%). 

Similarly, abnormality within the run parameters appeared in 57.1% of subjects, with the 

highest sensitivity exhibited by time/velocity (42.1%), followed by number of steps (32.5%) 

and cadence (19.0%).                 

The DCM group exhibited significantly more pronounced abnormalities in all walk/run 

parameters when compared with the NMDCCC group. These were apparent in 84.4% of the 

DCM group and correlated closely with disability as quantified by the mJOA scale.  

Abnormality of walk parameters appeared in 71.1% of DCM patients, with the highest 

sensitivity for time/velocity (68.9%), followed by number of steps (31.1%) and cadence 

(11.1%) All abnormalities were disclosed during investigation of time and number of steps 

(Table 2B). Similarly, abnormality of run parameters appeared in 79.4% of subjects, with 

the highest sensitivity for time/velocity (67.6%), followed by number of steps (64.7%) and 
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cadence (23.5%).                 

The main benefit of a standardized 10-meter walk/run test in comparison to already used 

scoring systems such as mJOA score is its objective and quantitative character and sensitivity 

to mild gait impairment due to myelopathy. It has the capacity to disclose locomotor 

abnormalities in the early stages of degenerative cervical cord compression that may be 

confirmed as another risk factor for progression into symptomatic DCM in future 

longitudinal studies. Furthermore, it may support the clinical diagnosis of DCM in the case 

of vague clinical myelopathic symptoms and signs and could be employed in routine clinical 

practice as a tool to evaluate the clinical course or effect of therapy in already diagnosed 

DCM.                     

A standardized 10-meter walk/run test has the capacity to disclose locomotion abnormalities 

in NMDCCC subjects who lack other clear myelopathic signs and may provide a means of 

classifying DCM patients according to their degree of disability.  

Experimental 

work 

Supervision Manuscript Research direction  

70% - 80% 30% 

 

 

 

 

 

 

 

 

 

 



52 
 

2. Kadanka Z Jr, Kadanka Z Sr., Jura R, Bednarik J. Vertigo in Patients with   

Degenerative Cervical Myelopathy. J Clin Med 2021; 10(11): 2496. 

doi:10.3390/jcm10112496.     IF 4,241 Q1 

Cervical vertigo (CV) represents a controversial entity, with a prevalence ranging from 

reported high frequency to negation of CV existence; The overall prevalence of CV is not 

known, because there are not generally accepted clinical or paraclinical tests for CV 

and therefore it is predominantly a diagnosis by exclusion. Based on these findings and 

discrepancies, we hypothesized that CV is over-diagnosed due to the absence of detailed 

diagnostic theory and practice in papers that reported high prevalence of CV. As 

degenerative cervical myelopathy (DCM) is the most severe symptomatic form of cervical 

spondylosis (Milligan et al. 2019), we used a well-defined cohort of DCM patients to verify 

our hypothesis.  The aim of the paper was to assess the prevalence and cause of vertigo in 

these patients. Methods: A study included 38 DCM patients. The presence and character of 

vertigo was explored with a dedicated questionnaire. The cervical torsion test was used to 

verify the role of neck proprioceptors, and ultrasound examinations of vertebral arteries to 

assess the role of arteriosclerotic stenotic changes as hypothetical mechanisms of CV. All 

patients with vertigo underwent a detailed diagnostic work-up to investigate the cause of 

vertigo; Results: Symptoms of vertigo were described by 18 patients (47%). Causes of 

vertigo included: orthostatic dizziness in 8 (22%), hypertension in 5 (14%), benign 

paroxysmal positional vertigo in 4 (11%) and psychogenic dizziness in 1 patient (3%). No 

patient responded positively to the cervical torsion test or showed significant stenosis of 

vertebral arteries; Conclusions: Despite high prevalence of vertigo in patients with DCM, 

the aetiology in all cases could be attributed to causes outside cervical spine and related 

nerve structures, thus confirming assumption that the diagnosis of CV is overdiagnosed. 
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3. Kadanka Z Jr,  Adamova B, Kerkovsky M,  Kadanka Z,  Dusek L, Jurova   

B,  Vlckova E, Bednarik J. Predictors of symptomatic myelopathy in degenerative 

cervical spinal cord compression.  Brain Behav 2017; e00797. doi.org/10.1002/brb3.797. 

IF 2,219   Q3 

A prospective observational follow‐up study was performed in a cohort of 112 consecutive 

NMDCCC subjects (55 women and 57 men; median age 59 years, range 40–79 years), either 

asymptomatic (40 subjects) - volunteers in whom MRI signs of degenerative cervical cord 

compression had previously been detected during an epidemiological study focusing on the 

prevalence of degenerative cervical cord compression in the population of the province of 

South Moravia - or presenting with  clinical signs and symptoms of cervical radiculopathy, 

moderate‐to‐severe chronic or intermittent axial cervical pain (72 subjects, who had 

completed a follow‐up of at least 2 years (median duration 3 years) and  who had been 

referred to the Department of Neurology between January 2012 and December 2013. 

Development of clinical signs of DCM as the main outcome was monitored and correlated 

with many demographics, clinical, electrophysiological and MRI parameters including DTI 

established at entry. 

Clinical evidence of the first signs and symptoms of DCM was found in 15 patients (13.4%). 

Development of DCM was associated with several parameters, including the clinical 

(radiculopathy, prolonged gait, and run‐time), electrophysiological (SSEP, MEP, and EMG 

signs of cervical cord dysfunction), and MRI (anteroposterior diameter of the cervical cord 

and cervical canal, cross‐sectional area, compression ratio, type of compression, T2 

hyperintensity). DTI parameters showed no significant predictive power. Multivariate 

analysis showed that radiculopathy, CSA ≤ 70.1 mm2, and compression ratio (CR) ≤ 0.4 

were the only independent significant predictors for progression into symptomatic 

myelopathy. 

In conclusion, previously and recently identified predictors of DCM development in 

NMDCCC individuals could help the decision‐making process for preventive surgical 

decompression and, more importantly, in defining a subgroup of NMDCCC individuals at 

higher risk of DCM, among whom a randomized trial evaluating the benefit of such 

decompression would be justifiable. 
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4. Horáková M, Horák T, Valošek J, Rohan T, Koriťáková E, Dostál M, Kočica J, 

Skutil T, Keřkovský M, Kadaňka Z Jr, Bednařík P, Svátková A, Hluštík P, Bednařík J. 

Semi-automated detection of cervical spinal cord compression with the Spinal Cord 

Toolbox. Quant Imaging Med Surg 2021; 12(4): 2261–2279. doi: 10.21037/qims-21-782. 

 IF 3,837 Q 2 

 

A total of 205 participants were enrolled, 68 of them healthy controls (HC) and 137 

participants with CSC compression, between May 2018 and May 2020. Healthy controls and 

CSC compression participants were recruited from a database of individuals at the spinal 

cord centre of a tertiary university hospital, all of whom had been examined in the course of 

parallel projects. CSC compression participants fulfilled the radiological imaging criteria for 

cervical cord compression. All participants with CSC compression were clinically examined 

by neurological procedures that focused on the detection of symptoms and signs of 

degenerative cervical myelopathy; this served to distinguish between the DCM and 

NMDCCC groups. The severity of disability and functional impairment was scored on the 

mJOA scale. The HCs exhibited no MRI signs of cervical cord compression, were free of 

any known musculoskeletal disorders and had no acute medical problems. Only participants 

with sufficient MRI data quality were further analysed, resulting in 66 HC, 102 NMDCCC 

and 16 DCM. MRI data from these 184 participants were submitted to semi-automated 

cervical spinal cord compression detection. From this pool of participants, 35 HCs and 30 

CSC compression patients were used for a variability analysis of quantitative morphometric 

parameters. In this analysis, similar parameters than that output by SCT were also quantified 

manually.  Each participant had already been scanned twice, once employing 3T MRI and 

once employing 1.5 T MRI, as part of parallel projects. For both measurements, multi-echo 

gradient echo (ME-GRE) sequences were used. Qualitative criteria for cervical spinal cord 

compression at each level were expert-rater defined as changes in spinal cord contour or 

shape at the level of an intervertebral disc on axial MRI scan compared with the midpoint 

level of neighbouring vertebrae. The reported level of spinal cord compression was 

confirmed on T2 TSE sagittal scan. Visual identification of spinal cord compression was 

performed consensually by two board-certified radiologists. Compression ratio was 

calculated as AP:RL diameter, which, together with CSA, reflected flattening of the spinal 

cord. Eccentricity was defined as the ratio of the focal distance over the major axis length of 

ellipse with the same second moments as the spinal cord, thus having similar interpretation 
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as CR. Solidity, which was used to assess indentation of the spinal cord, was expressed as 

the ratio of CSA to the area of the smallest convex polygon surrounding all positive pixels 

in the image (13). Torsion was calculated in three variants, based on the extracted orientation 

(∠).                        

Results: The parameters extracted using SCT exhibited lower variability than the experts’ 

manual ratings in RL, AP, CR and CSA. Further, SCT enabled exact quantification of 

indentation and torsion.            

This study demonstrated successful semi-automated detection of cervical spinal cord 

compression based on four SCT-derived morphometric parameters.  Introduction of SCT 

into radiological evaluations may bring more reliable results to longitudinal and multicentre 

studies. The approach also saves a great deal of time, perhaps enabling its routine use in the 

assessment of the natural course of NMDCCC and mild DCM; the rate of progression may 

well become a valid predictor of whether the patient would benefit from surgery or not. 
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5. Valosek J, Labounek R, Horak T, Horakova M, Bednarik P, Kerkovsky M, Kocica J, 

Rohan T, Lenglet R, Cohen-Adad J, Hlustik P, Vlckova E, Kadanka Z Jr., Bednarik J, 

Svatkova A. Diffusion magnetic resonance imaging reveals tract-specific microstructural 

correlates of electrophysiological impairments in non-myelopathic and myelopathic 

spinal cord compression. Eur J Neurol. 2021; 28(11): 3784-3797. 

doi.org/10.1111/ene.15027.                       IF 6,089   Q1 

 

NMDCCC frequently occurs throughout aging and may progress to potentially irreversible 

DCM. Whereas standard clinical MRI and electrophysiological measures assess 

compression severity and neurological dysfunction, respectively, underlying microstructural 

deficits still must be established in NMDCCC and DCM patients. The study aims to establish 

tract-specific diffusion MRI markers of electrophysiological deficits to predict the 

progression of asymptomatic NMDCCC to symptomatic DCM. High-resolution 3 T 

diffusion MRI was acquired for 103 NMDCCC and 21 DCM patients compared to 60 healthy 

controls to reveal diffusion alterations and relationships between tract-specific diffusion 

metrics and corresponding electrophysiological measures and compression severity. 

Relationship between the degree of DCM disability, assessed by the modified Japanese 

Orthopaedic Association scale, and tract-specific microstructural changes in DCM patients 

was also explored.      The study identified diffusion-derived abnormalities in the grey 

matter, dorsal and lateral tracts congruent with trans-synaptic degeneration and 

demyelination in chronic degenerative spinal cord compression with more profound 

alterations in DCM than NMDCCC. Diffusion metrics were affected in the C3-6 area as well 

as above the compression level at C3 with more profound rostral deficits in DCM than 

NMDCCC. Alterations in lateral motor and dorsal sensory tracts correlated with motor and 

sensory evoked potentials, respectively, whereas electromyography outcomes corresponded 

with gray matter microstructure. DCM disability corresponded with microstructure 

alteration in lateral columns. 

Experimental 

work 

Supervision Manuscript Research direction  

30% - 10% 10% 

 

https://doi.org/10.1111/ene.15027


58 
 

 

6.  Horak T, Horakova M, Svatkova A, Kadanka Z Jr., Kudlicka P, Valosek J, Rohan T, 

Kerkovsky M, Vlckova E, Kadanka Z, Deelchand D.K., Henry P.G., Bednarik J, 

Bednarik P. In vivo Molecular Signatures of Cervical Spinal Cord Pathology in 

Degenerative Compression. J Neurotrauma 2021; 2999-3010. doi:10.1089/neu.2021.0151. 

IF 5,269       Q1 

DCM is a severe consequence of CSC compression. The non-myelopathic stage of 

compression (NMDCCC) is highly prevalent and often progresses to disabling DCM. This 

study aims to disclose markers of progressive neurochemical alterations in NMDCCC and 

DCM by utilizing an approach based on state-of-the-art proton magnetic resonance 

spectroscopy (1H-MRS). Proton-MRS data were prospectively acquired from 73 

participants with CSC compression and 47 healthy controls (HC). MRS voxel was centred 

at C2 level. Compression-affected participants were clinically categorized as NMDCCC and 

DCM, radiologically as mild (MC) or severe (SCo) compression. CSC volumes and 

neurochemical concentrations were compared between cohorts (HC vs. NMDCCC vs. DCM 

and HC vs. MC vs. SCo) with general linear models adjusted for age and height (p< 0.05) 

and correlated to stenosis severity, electrophysiology, and myelopathy symptoms (p< 0.05). 

While ratio of total creatine (tCr) to total N-acetylaspartate (tNAA) increased in NMDCCC 

(+11%) and in DCM (+26%) and SCo (+21%), Myo-inositol/tNAA, 

glutamate+glutamine/tNAA and volumes changed only in DCM (+20%, +73%, and –14%) 

and SC (+12%, +46%, and – 8%, respectively) relative to HC. Both tCr/tNAA and myo-

inositol/tNAA correlated with compression severity and volume (–0.376<r<-0.256). Myo-

inositol/tNAA correlated with myelopathy symptoms, whereas CSC volume did not. 

Shortecho 1H-MRS provided neurochemical signatures of CSC impairment that reflected 

compression severity and clinical significance. While volumetry only reflected clinically 

manifest myelopathy, MRS detected neurochemical changes already before the onset of 

myelopathy symptoms.             

This study revealed neurochemical changes in CSC above the compression level in subjects 

with radiological signs of compression and clinical myelopathy and, for the first time, in 

non-myelopathic participants as well. State-of-the-art MRS demonstrated sufficient 

sensitivity to reveal early changes in non-myelopathic patients and thus might allow the 

stratification of non-myelopathic subjects. The current work warrants longitudinal studies 

assessing their risk of myelopathy development. Although MRS markers and the level of 
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spinal atrophy strongly reflected the severity of stenosis, the volumes were less sensitive to 

clinical status than MRS. 
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7. Kovalova I, Kerkovsky M, Kadanka Z, Kadanka Z Jr, Nemec M, Jurova B, Dusek L, 

Jarkovsky, Bednarik J. Prevalence and Imaging Characteristics of Nonmyelopathic and 

Myelopathic Spondylotic Cervical Cord Compression.  Spine 2016; 41 (24): 1908-1916. 

doi:10.1097/BRS.0000000000001842.      IF 2,499   Q2 

The aim of the cross-sectional population-based observational study was to estimate the 

prevalence of NMDCCC and degenerative cervical myelopathy in a population older than 

40 years and to evaluate the MRI characteristics of these conditions. The study was 

performed in a cohort of 183 randomly recruited volunteers; 93 women, 90 men, median age 

66 years, range 40-80 years, underwent MRI examination of the cervical spine and spinal 

cord on a 1.5 T device using conventional sequences from disc levels C2/C3 to C6/C7. The 

imaging criterion for cervical cord compression was defined as a change in spinal cord 

contour at the level of an intervertebral disc on axial or sagittal MRI scan.                                     

MRI signs of CSC were found in 108 individuals (59.0%; 95% CI: 51.5%-66.2%); their 

numbers increased with age from 31.6% in the fifth decade to 66.8% in the eighth. Clinical 

signs of symptomatic DCM were found in two cases (1.1%), and 75 cases (41.0%) were 

without compression. An AP cervical canal diameter at the level of intervertebral disc of less 

than 9.9 mm was associated with the highest probability of NMDCCC-odds ratio 

(OR) = 32.5, followed by a compression ratio of ≤0.5: OR = 11.1.               

The main benefit of the study is that the prevalence of NMDCCC in a population older than 

40 years is higher than previously reported and increases with age. An AP cervical canal 

diameter at the level of intervertebral disc and compression ratio had the highest capacity to 

discriminate between subjects with and without asymptomatic compression, and their cut-

off values could be used to objectify criteria for cervical cord compression. 
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8. Bednarık J, Sladkova D, Kadanka Z, Dusek L, Kerkovsky M, Vohanka S, Novotny O, 

Urbanek I, Nemec M. Are subjects with spondylotic cervical cord encroachment at 

increased risk of cervical spinal cord injury after minor trauma? J Neurol Neurosurg 

Psychiatry 2011; 82(7): 779-81.       IF 4,764   Q1 

The aim of the study was to analyse the risk of symptomatic myelopathy after minor trauma 

in patients with NMDCCC. In a cohort of 199 patients with NMDCCC, previously followed 

prospectively in a study investigating progression into symptomatic myelopathy, the authors 

looked retrospectively for traumatic episodes that may have involved injury to the cervical 

spine. A questionnaire and data file analysis were employed to highlight whatever 

hypothetical relationship might emerge with the development of symptomatic myelopathy. 

Fourteen traumatic episodes during a follow-up of 44 months (median) were recorded in our 

group (who had been instructed to avoid risky activities), with no significant association with 

the development of symptomatic myelopathy (found in 45 cases). Only three minor 

traumatic events without fracture of the cervical spine were found among the symptomatic 

myelopathy cases, with no chronological relationship between trauma and myelopathy. 

Furthermore, 56 traumatic spinal cord events were found before the diagnosis of cervical 

cord encroachment was established, with no correlation to either type of compression 

(discogenic vs osteophytic).               

In conclusion, the risk of spinal cord injury after minor trauma of the cervical spine in 

patients with NMDCCC appeared to be low in our cohort, provided risky activities in these 

individuals are restricted. Implementation of preventive surgical decompression surgery into 

clinical practice in these individuals should be postponed until better-designed studies 

provide proof enough for it to take precedence over a conservative approach. 
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9. Keřkovský M, Bednařík J, Jurová B, Dušek L, Kadaňka Z, Kadaňka Z Jr, Němec M,  

Kovaľová I, Šprláková-Puková A, Mechl M. Spinal Cord MR Diffusion Properties in 

Patients with Degenerative Cervical Cord Compression. J Neuroimaging 2017; 27(1): 

149-157. doi:10.1111/jon.12372.                IF 1,953 Q3  

DTI has previously been used as a biomarker of myelopathy in patients with NMDCC. 

However, many factors may affect the diffusion properties of the spinal cord. This 

prospective study seeks to identify sources of variability in spinal cord DTI parameters in 

both NMDCCC patients and healthy subjects.          

The study group included 130 patients with NMDCCC confirmed by MRI and 71 control 

subjects without signs of NMDCCC. DTI data of the cervical spine were acquired in all 

subjects. FA and ADC values were measured at different levels of the spinal cord (SCLs). 

Statistical data analysis was then used to determine diffusion parameters in terms of age, 

sex, SCL, and spinal cord compression.            

Significant variations in FA and ADC values emerged when several spinal cord levels were 

mutually compared in the control group. FA values correlated significantly with age in the 

NMDCCC group and sex had a significant influence on ADC values in both groups.                  

In conclusion, the two diffusion parameters in the NMDCCC group differed significantly 

between patients with clinical signs of mild‐to‐moderate myelopathy compared with 

asymptomatic patients and correlated with measurements of spinal canal morphology. These 

findings may be important to the interpretation of DTI measurements in individual patients. 
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10. Kadaňka Z. Jr., Adamová B. Flekční cervikální myelopatie (Hirayamova choroba)- 

skutečnost, nebo mýtus? Dvě kazuistiky. [Flexion Cervical Myelopathy (Hirayama 

Disease) – Reality or Myth? Two Case Reports]. Cesk Slov Neurol N 2014; 77/110(3): 

362-367.             IF 0,157 Q4 

Cervical flexion myelopathy (Hirayama disease, HD) is a rare disease of the cervical spine. 

This disease was described first by, and named after, Hirayama in 1959 and most cases of this 

disease have been reported from Japan and India. It is thought to be a kind of cervical 

myelopathy related to flexion movements of the neck. It is characterized by progressive 

muscular weakness and atrophy of the distal upper limb (brachioradialis muscle is spared), 

predominantly affecting male adolescents between 15 and 25 years of age. There is no sensory 

or deep tendon reflexes involvement. The disease progresses initially, but spontaneous arrest 

is known to follow several years after the onset, unlike motor neurone disease with which it is 

commonly confused. HD is characterized by focal ischaemic changes in the anterior horn cells 

of the lower cervical cord that result in amyotrophy, which is usually unilateral but may also 

be bilateral. The precise cause of this disorder is still unknown. An assumption of imbalanced 

growth between the patient's vertebral column and spinal canal contents has been postulated 

till now. The key to diagnosing this disease during MRI scanning is to obtain images when the 

neck is flexed. We describe the characteristic findings of flexion MRI suggestive of Hirayama 

disease. Cervical MRI images show local cord atrophy; T1-weighted images show widened 

lateral epidural space on flexion that is hyperintense on T2-weighted, especially contrast-

enhanced, images. We present two patients with clinical symptoms of this disease and 

summarize facts about the diagnosis and treatment of Hirayama disease. Although HD is a 

self-limiting disorder, early diagnosis is necessary because a cervical collar, by preventing 

neck flexion, may arrest the progression of the disorder. HD should be distinguished from 

multiple motor neuropathies when the amyotrophy is distally in the upper limb, and in this 

disease, there is evidence of conduction block in motor nerves, and high serum titers of anti-

GM1 ganglioside antibodies.                 

In conclusion, HD is a rare type of cervical myelopathy related to flexion of the neck 

characterized by progressive muscular weakness and atrophy of the distal upper limbs most 

frequently seen in young males. 
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11. Kadaňka Z Jr., Hanák J, Gál B. Maligní tumor z pochvy periferního nervu 

v oblasti cervikálního plexu- kazuistika. [Malignant Peripheral Nerve Sheath Tumour 

of Cervical Plexus – a Case Report]. Cesk Slov Neurol N 2013; 76/109(6): 751-755. IF 

0,159 Q4 

 

Malignant peripheral nerve sheath tumours (MPNST) are uncommon, biologically 

aggressive soft tissue sarcomas of neural origin. They are quite rare, especially in the head 

and neck. They are often asymptomatic, but the presentation of MPNSTs can vary greatly, 

making diagnosis challenging. For example, patients with intradural spinal MPNSTs usually 

present with limb pain, motor deficit in upper extremities, (even with progressive central 

quadriparesis), sensory loss, and bladder/bowel deficits and can resemble degenerative 

cervical myelopathy.              

The prognosis for patients with MPNST is relatively poor, with recurrence rates estimated 

to range from 20 to 40% and 5-year survival rates ranging from 34 to 52%. A number of 

factors are known to influence prognosis including tumour size, location, and histological 

grade, whether removal is en bloc (or not), resection margin, the presence of recurrence, and 

metastasis. We present the case of a 29-year old patient with neurofibromatosis type 1 with 

malignant tumour of the cervical plexus. A small resistance in the upper mediastinum was 

diagnosed (ganglioneurinoma) in 2005 and treated surgically (total exstirpation). A small 

infiltration in the right supraclavicular area occurred five years later and was also managed 

surgically (debulking) – histologically MPNST. There was a relapse of this tumour in the 

same area in 2011; this was treated by en bloc resection, followed by chemotherapy. At 

present, the patient is in a good clinical status, with no neurological deficit. 

MPNSTs of the cervical plexus are very rare. They are usually present with limb pain, motor 

deficit in upper extremities, (even with progressive central quadriparesis), sensory loss, and 

bladder/bowel deficits and can resemble DCM. 
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12. Kovalová I, Bednařík J, Keřkovský M, Adamová B, Kadaňka Z Jr. Asymptomatická 

spondylogenní komprese krční míchy. [Asymptomatic Spondylotic Cervical Cord 

Compression]. Cesk Slov Neurol N 2015; 78/111(1): 24-33. 

doi:10.14735/amcsnn201524.      IF 0,209 Q4        

Degenerative changes in the cervical spine, mainly spondylosis, that lead to cervical spinal 

canal stenosis, are part of the normal ageing process and are almost omnipresent in the elderly. 

Cervical spinal stenosis may lead to cervical cord compression and represents the most 

important mechanical factor in the pathophysiology of cervical spondylotic myelopathy, 

gwhich along with complex pathophysiological mechanisms leads to a variety of myelopathy 

symptoms. Medullar tissue is, however, rather resistant to compression and development of 

symptomatic myelopathy occurs only when higher degree stenosis is present and in 

combination with other pathophysiological factors, mainly dynamic compression, and trauma. 

NMDCCC is a quite frequent finding in an older population and found in 50% of randomly 

examined individuals over the age of sixty. However, the reliability of methods used to verify 

and quantify cervical stenosis and cervical cord compression is low; clear predictors of the 

development of symptomatic myelopathy and related indications of potential preventive 

surgical decompression in NMDCCC have not been determined yet. The overview discusses 

the most frequently used methods to establish cervical spinal stenosis and cervical cord 

compression using imaging methods. Radiogram and especially computed tomography are 

important for verification of cervical spinal stenosis, while MRI is a preferable method to 

detect cervical cord compression. The cross-sectional spinal cord area and T2 MRI spinal cord 

hyperintensity are among the parameters considered to be the most closely correlated with 

clinical manifestation of spinal cord compression. Among newly introduced imaging 

modalities, MRI diffusion tensor imaging seems to be the most promising one. The presence 

of symptomatic radiculopathy and abnormality of motor and somatosensory evoked potentials 

are among generally accepted predictors of symptomatic myelopathy. The importance of 

imaging methods as predictors of symptomatic myelopathy development, as well as the 

benefits of preventive surgical decompression in NMDCCC individuals with high risk of 

developing symptomatic myelopathy, is to be established in future studies. 
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13.  Kadaňka Z. Jr., Bednařík J. Cervikální vertigo- fikce či realita? [Cervical vertigo – 

fiction or reality?]. Cesk Slov Neurol N 2018; 81/114(5): 1–6.doi: 

10.14735/amcsnn2018521.         IF 0,355   Q4 

Cervical vertigo (CV) has long been a controversial entity, a fact which is generally accepted 

in practice by the medical community.  A diagnosis of CV, however, is made too often by 

many physicians, largely because the simultaneous occurrence of vertigo and cervical 

spondylosis is very common. In this review we present a summary of contemporary 

knowledge of the scientific biography of cervical vertigo, its possible aetiology, diagnosis, 

and treatment. The neck contains mechanisms directly involved in balance control, 

cardiovascular control (carotid bodies), and purely vascular structures (carotid and vertebral 

arteries). Neck movements are also invariably associated with head movements. Thus, 

experiencing unsteadiness or vertigo associated with neck movements could be due to a 

disorder in the vestibular, visual, vascular, or neurovascular system.  Several explanations 

of the aetiology of cervical vertigo have been published. Disturbed cervical proprioception 

is suggested by what is probably the most-cited study. A further hypothesis is that CV may 

arise out of impaired blood circulation in the vertebrobasilar arteries. Cervicogenic dizziness 

often occurs because of whiplash or head injury and is often seen in conjunction with brain 

injury or injury to the inner ear. Some authors suggest that migraine-associated vertigo may 

explain why some patients suffering from cervical pain have vertigo while others do not.     

In conclusion, CV is overdiagnosed and there is still no laboratory or clinical test to confirm 

the diagnosis, while none of the possible theories provide fully convincing evidence of a 

cervical mechanism. Appropriate management is difficult and mostly empirical. All clinical 

studies on cervical vertigo to date have three weak points: 1. the inability to confirm the 

diagnosis, 2. the lack of a specific laboratory test, and 3. the unexplained discrepancy 

between patients with severe neck pain without vertigo and patients complaining of disabling 

vertigo with moderate neck pain.  The debate on the relevance and mechanism of cervical 

vertigo is more of theoretical interest than of practical relevance. 
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14. Kadaňka Z Jr., Horák T, Bednařík J. Současný management pacientů s 

degenerativní kompresí krční míchy. [Current management of patients with 

degenerative cervical spine compression]. Cesk Slov Neurol N 2019; 82/115(6): 616-620. 

doi:10.14735/amcsnn2019632.              IF   0,377   Q4 

DCM is the most serious consequence of CSC stenosis and NMDCCC. The spinal cord, 

however, is quite resistant to mechanical compression and subjects with cervical cord 

compression thus may remain completely asymptomatic (non-myelopathic degenerative 

cervical cord compression - NMDCCC), and prevalence of this condition in the older 

population is very high. In patients with moderate and severe DCM, surgical intervention is 

strongly recommended. However, in patients with mild DCM and NMDCCC, there is no 

clear, evidence-based agreement on the optimum management and treatment algorithm. It 

depends upon the development or identification of sensitive and specific clinical, 

radiological, and/or electrophysiological markers that could reliably predict progression to 

symptomatic DCM. Currently, many predictors of such involvement have been identified 

and this has led some surgeons to recommend decompression surgery in these high-risk 

patients.  However, further studies are required to refine our understanding of the frequency, 

timing, and predictors of myelopathy development in NMDCCC patients. Nevertheless, 

there are some methodological and ethical aspects that make multicentre randomised studies 

in NMDCCC and mild DCM patients difficult to realize.  
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15. Kadaňka Z Jr., Bednařík J. Klinické syndromy z oblasti cervikálního plexu 

[Cervical plexus lesions in clinical practice]. Cesk Slov Neurol N 2019; 82115(6): 632-

636. doi:10.14735/amcsnn2019616.      IF   0,377   Q4 

Cervical plexus lesions are rare and may be overlooked by neurologists. However, several 

new clinical syndromes centred upon this region have been published in recent years. Herein 

we present an overview of some possible aetiologies of cervical plexus lesions, their 

diagnosis and treatment. The most common condition is occipital neuralgia (ON), largely 

considered idiopathic. It is defined as unilateral or bilateral paroxysmal, shooting, or 

stabbing pain in the posterior part of the scalp, following the distribution of the greater 

occipital nerve and/or the lesser occipital nerve. A wide range of treatment options for ON 

are available. The initial focus should be placed on conservative measures, including rest, 

hot or cold compresses, postural adjustment, and physical therapy with the aim of reducing 

neuralgic and muscular pain. We report other rare causes of neuralgia of the head as well, 

such as considerable auricular neuralgia and red ear syndrome, and neuralgias of Jacobson’s 

and Arnold’s nerves (branches of the glossopharyngeal and vagus nerves).  

Glossopharyngeal neuralgia, also known as vagal glossopharyngeal neuralgia, is 

characterized by intermittent episodes of shooting sharp pain in the jaw, throat, tongue, and 

ear that fall within the sensory distribution of the glossopharyngeal nerve. Pharmacotherapy 

with anticonvulsants, tricyclic antidepressants, and anti-inflammatory agents are effective in 

relieving paroxysmal pain in most glossopharyngeal neuralgia patients.           

Lesions affecting the roots of the cervical plexus can cause syndromes mimicking those 

typical for degenerative cervical spine diseases. The C3-C4 disc space is the most likely to 

be involved, but pressure on the C5 root can also produce facial, auricular, or retroauricular 

pain. 
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16.  Kadaňka Z Jr, Bednařík J. Degenerativní cervikální myelopatie – klinický obraz, 

diagnostika a strategie léčby. [Degenerative cervical myelopathy- clinical manifestation, 

diagnosis and practical management]. Neurol Praxi 2023; 24(1): 12-16. doi: 

10.36290/neu.2022.061. 

We present a contemporary approach to the diagnosis and optimal strategy of treatment in 

patients with DCM. DCM is a chronic progressive disease of the cervical spinal cord. 

Osteoarthritic degeneration (spondylosis, facet hypertrophy, and degenerative disc disease), 

ligament changes (ossification of the posterior longitudinal ligament, hypertrophy of the 

ligamentum flavum) may lead to spinal cord compression and result in neurological deficits. 

It is manifested as clumsy hands syndrome, gait impairment, and bladder problems. The 

latest clinical guidelines recommend surgery for patients with moderate and severe DCM. 

For patients with mild DCM (or non-myelopathic patients with radiculopathy), the 

guidelines suggest that either surgery or a supervised trial of structured rehabilitation. The 

nonoperative treatment with serial clinical follow-up should be reserved for asymptomatic 

patients with imaging evidence of cervical spinal cord compression. 
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ACDF- anterior cervical discectomy and fusion  

ACIF- anterior cervical interbody fusion  

ADC- apparent diffusion coefficient 

AF- anulus fibrosus  

ALS- amyotrophic lateral stenosis 

AP - anteroposterior  

ASA-  anterior spinal arteries  

ASCCC- asymptomatic spondylotic cervical cord compression  

BDNF- brain- derived neurotrophic factor  

BMI- body mass index  

BMP-2- bone morphogenetic protein-2  

BSCB- blood-spinal cord barrier 

CHEPs- contact heat evoked potentials  

CNS- central nervous system               

CS -cervical stenosis 

CSA- cross section area 

CSC- cervical spinal cord  

CSF- cerebrospinal fluid  

CR- compression ratio 

CV- cervical vertigo 



80 
 

CT- computed tomography 

DCM- degenerative cervical myelopathy 
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GAP- growth associated protein  

HC- healthy controls 
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HTLV- human T-lymphotropic virus  

IL- interleukin  

IVD- intervertebral disc 
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   LMN- lower motor neuron 
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MEP- motor-evoked potentials 
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MMPs- matrix metaloproteinases  

MPNST- malignant peripheral nerve sheath tumour  

MRI- magnetic resonance imaging 

MRS- magnetic resonance spectroscopy 

MSCC- maximum cervical spinal cord compression   
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OR- odds ratio 
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RR- relative risk 

SC- spinal cord  
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SCI- spinal cord injury 

SCL- spinal cord level 

SCo- severe compression  

SCT- spinal cord toolbgox  
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   14. Conclusions of the habilitation thesis 

This habilitation thesis concerns the topic of degenerative cervical myelopathy (DCM). 

DCM is the leading cause of myelopathy in subjects above 55 years old and the major cause 

of spasticity acquired in the aged population.  Regarding the clinical onset, a large number 

of patients with DCM are asymptomatic at first, but once the symptoms start, most present 

in a stepwise manner, with periods of stability of the symptoms, alternating with worsening. 

Clinically, the most characteristic symptoms of DCM are instability of gait, loss of fine 

motor control of the upper limbs, weakness, and neck pain with reduced range of motion in 

this region and urinary emergency. Mostly, the diagnosis of DCM is based on the signals 

observed in the clinical examination supported by radiological studies showing spinal cord 

compression. However, there is wide variation in diagnosis and symptoms presented by 

patients suffering criteria.                 

We have presented here several studies which could, in our opinion, be useful in the 

diagnosis and management of patients with DCM.        

The aim of the first study was to verify whether an objective and easily used walk and run 

test can detect early gait impairment in a practical proportion of NMDCCC patients and 

reveal any correlation with severity of disability in DCM. We have proved that a 

standardized 10-meter walk/run test has the capacity to disclose locomotion abnormalities 

in NMDCCC subjects who lack other clear myelopathic signs and may provide a means of 

classifying DCM patients according to their degree of disability. This may be confirmed as 

another risk factor for progression into symptomatic DCM in future longitudinal studies.  

The second (prospective observational follow‐up) study targeted predictors of neurological 

dysfunction in the non-myelopathic patient with degenerative cervical spinal cord 

compression. Multivariate analysis showed that radiculopathy, CSA ≤ 70.1 mm2, and 

compression ratio (CR) ≤ 0.4 were the only independent significant predictors for 

progression into symptomatic myelopathy. It could help the decision‐making process for 

preventive surgical decompression and, more importantly, in defining a subgroup of 

NMDCCC individuals at higher risk of DCM, among whom a randomized trial evaluating 

the benefit of such decompression would be justifiable.                   

The third study explored the presence and character of vertigo in patients with DCM, because 
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so-called “cervical vertigo” (CV) represents a very controversial entity. This term is used 

(and probably overused) very often in clinical practice. We have found that, despite a high 

prevalence of vertigo in patients with DCM, the aetiology could be (in all of them) attributed 

to causes outside cervical spine and related nerve structures. Clinicians should seek other 

(often treatable) aetiologies of vertigo in DCM patients, thus avoiding the possibility of 

overlooking other serious disease.                

Four papers presenting new MRI techniques (MR spectroscopy, diffusion tensor imaging 

and high-resolution 3 T diffusion MRI, Semi-automated detection of cervical spinal cord 

compression with the Spinal Cord Toolbox) are included in the thesis. These techniques 

demonstrated sufficient sensitivity to reveal early changes in the cerebral spinal cord, and 

for the first time, even in NMDCCC participants. This might allow the stratification of non-

myelopathic subjects in the future. Introduction of these techniques into radiological 

evaluations may bring more reliable results to longitudinal and multicentre studies. The 

approach also saves a great deal of time, perhaps enabling its routine use in the assessment 

of the natural course of NMDCCC and mild DCM; the rate of progression may well become 

a valid predictor of whether the patient would benefit from surgery or not.                

The habilitation thesis contains six reviews as well (“Asymptomatic Spondylotic Cervical 

Cord Compression”, “Cervical vertigo – fiction or reality?”, “Management of patients with 

degenerative spondylotic cervical spine compression”, “Cervical plexus lesions in clinical 

praxis“, “DCM - clinical manifestation, diagnosis and practical management”, 

“Asymptomatic Spondylotic Cervical Cord Compression” ). One cross-sectional population-

based observational study was done to estimate the prevalence of NMDCCC and DCM in a 

population older than 40 years and to evaluate the MRI characteristics of these conditions 

(“Prevalence and imaging characteristics of asymptomatic and symptomatic spondylotic 

cervical spinal cord compression”). Two papers concerning differential diagnosis of 

degenerative cervical spinal cord compression were added too (“Flexion Cervical 

Myelopathy (Hirayama Disease) – Reality or Myth?”, “Malignant Peripheral Nerve Sheath 

Tumour of Cervical Plexus – a Case Report”).  

We hope that our results can help clinicians to improve the diagnostic process in DCM 

patients. We propose that our findings will have consequences for surgical decision-making 

in early or mild cases of DCM, and that these findings will help to respond to continuous 

debate regarding the benefits vs. risks of surgical intervention. Determination of predictors 

of neurological dysfunction in the non-myelopathic patient with degenerative cervical spinal 



92 
 

cord compression, and the application of advanced MRI techniques in the CSC, are both 

extremely challenging. 
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