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ABSTRACT: Degenerative cervical myelopathy (DCM) is a recently coined term encompassing a variety of age-related and
genetically associated pathologies, including cervical spondylotic myelopathy, degenerative disc disease, and ligamentous
aberrations such as ossification of the posterior longitudinal ligament. All of these pathologies produce chronic compression of
the spinal cord causing a clinical syndrome characterized by decreased hand dexterity, gait imbalance, and potential genitourinary or
sensorimotor disturbances. Substantial variability in the underlying etiology of DCM and its natural history has generated
heterogeneity in practice patterns. Ongoing debates in DCM management most commonly center around clinical decision-making,
timing of intervention, and the ideal surgical approach. Pivotal basic science studies during the past two decades have deepened our
understanding of the pathophysiologic mechanisms surrounding DCM. Growing knowledge of the key pathophysiologic processes
will help us tailor personalized approaches in an increasingly heterogeneous patient population. This article focuses on summarizing
the most exciting approaches in personalizing DCM patient treatments including biomarkers, factors affecting clinical decision-
making, and choice of the optimal surgical approach. Throughout we provide a concise review on the conditions encompassing
DCM and discuss the underlying pathophysiology of chronic spinal cord compression. We also provide an overview on clinical-
radiologic diagnostic modalities as well as operative and nonoperative treatment strategies, thereby addressing knowledge gaps and
controversies in the field of DCM.

RÉSUMÉ : Vers une approche personnalisée dans le cas de la myélopathie cervicale dégénérative. La myélopathie cervicale dégénérative (MCD)
est un terme récemment inventé qui englobe une variété de pathologies liées à l’âge des patients et génétiquement associées entre elles, notamment la
myélopathie spondylotique cervicale, la discopathie dégénérative et des aberrations ligamentaires telles que l’ossification du ligament longitudinal
postérieur. Toutes ces pathologies ont pour effet de produire une compression chronique de la moelle épinière qui entraîne un syndrome clinique
caractérisé par une diminution de la dextérité des mains, un déséquilibre de la démarche et d’éventuelles perturbations génito-urinaires ou
sensorimotrices. La variabilité substantielle de l’étiologie sous-jacente de la MCD et de son histoire naturelle a généré une hétérogénéité dans les
modèles de pratique clinique. Les débats actuels quant à la prise en charge de la MCD portent le plus souvent sur la prise de décision clinique, le
moment de l’intervention et l’approche chirurgicale idéale. Des études clés menées au cours des deux dernières décennies ont permis d’approfondir
notre compréhension des mécanismes physiopathologiques de la MCD. Une connaissance sans cesse plus approfondie des principaux processus
physiopathologiques nous aidera à adapter des approches personnalisées à une population de patients de plus en plus hétérogène. Cet article entend
donc se concentrer sur la synthèse des approches les plus prometteuses en ce qui regarde la personnalisation des traitements offerts aux patients
atteints de MCD, ce qui inclut notamment les biomarqueurs, les facteurs affectant la prise de décision clinique et le choix d’une approche
chirurgicale optimale. Tout au long de cet article, nous passerons en revue de manière concise les conditions englobant la MCD et discuterons de la
pathophysiologie sous-jacente de la compression chronique de la moelle épinière. Nous fournirons également une vue d’ensemble des modalités de
diagnostic clinique et radiologique ainsi que des stratégies de traitement chirurgical et non chirurgical, abordant ainsi les lacunes et les controverses
liées à la MCD.
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INTRODUCTION

Advancements in clinical decision-making, surgical techni-
ques, and postoperative care have allowed spine surgeons to

manage increasingly complex spine cases resulting in shorter
surgery duration, reduced length of hospital stay, and improved
clinical outcomes. Continued teamwork is required on the part of
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surgeons, scientists, allied professionals, and rehabilitation spe-
cialists to take this success forward. Among the various evolving
practices in the field of spine surgery, this article will focus on
one area that has shown considerable advancement during the
past two decades: degenerative cervical myelopathy (DCM).

DCM is a progressive degenerative disease and the most
common cause of nontraumatic cervical spinal cord injury.1 The
incidence of hospitalizations related to DCM has been estimated
to be 4.04 per 100,000 person-years, and the number of patients
undergoing surgical treatment each year has increased up to
seven-fold.2 The rate and degree of neurologic deterioration is
variable, and optimal management strategies, especially in cases
with mild DCM, remain elusive. Given the limited regenerative
potential of the spinal cord, early diagnosis and treatment of
DCM are critical to reduce the risk of permanent disability. With
changing demographics and an increasingly aging global popu-
lation, DCM has become an important public health priority.3

The current article aims to provide a concise review of the latest
advances and future directions in the management of DCM, with
a special spotlight on “personalized approaches” to address the
heterogeneity of the DCM patient population.

CAUSES OF DCM

DCM represents an overarching clinicopathological entity
encompassing a variety of age-related and genetically associated
degenerative conditions of the cervical spinal column including
degenerative disc disease (DDD), cervical spondylotic myelopa-
thy (CSM), and ligamentous aberrations including ossification of
the posterior longitudinal ligament (OPLL), (Figure 1).4 On
occasion, congenital disorders including Klippel-Feil Syndro-
me(KFS) and Ehlers-Danlos syndrome may contribute to the
development of DCM.4 These eventually culminate in chronic
compression of the spinal cord causing neurological compromise
through static and dynamic injury mechanisms. In this section,
we will outline the clinical entities surrounding the term DCM as
well as provide an overview on the pathophysiological mechan-
isms of chronic spinal cord compression encountered in DCM.

Degenerative Disc Disease (DDD) and Cervical Spondylotic
Myelopathy (CSM)

The intervertebral discs (IVD) are composed of a collagen-
rich outer ring called the anulus fibrosus and a proteoglycan-rich,
hydrophilic and tumescent core, known as the nucleus pulposus.
The IVD serves to bear axial compressive loads and to redistrib-
ute these forces along the vertebral endplates. Furthermore,
owing to its viscoelastic nature, the nucleus pulposus provides
a pivotal role in maintaining the IVD height.5 Wear and tear due
to aging, excessive mechanical stress, and/or environmental and
nutritional factors cause the nucleus pulposus to degenerate and
lose its viscoelastic properties.6,7 As a result, the decreased IVD
height alters the distribution of the axial forces leading to
increased loads on the uncovertebral joints. Subsequently, the
uncovertebral processes become flattened thereby increasing
stress on the annulus and facet joints.8,9 This ultimately initiates
a cascade of degenerative changes. These changes comprise
alterations to the disc (such as annular tears, disc bulging, or
disc herniation), the formation of osteophytic spurs in an attempt
to stabilize the abnormal motion and increase the surface of the

weight-bearing endplates, and ligamentous hypertrophy or cal-
cification.10,11 Each individual degenerative change or a combi-
nation thereof contributes to the narrowing of the spinal canal and
harbors the risk of spinal cord compression.

A static injury occurs through direct compressive forces or
increased longitudinal stretching (caused by forcing the spinal
cord over anterior bony spurs, protruded discs, or vertebral bodies
in kyphotic deformities).12 In addition, dynamic mechanisms can
cause movement-dependent worsening of compressions to the
spinal cord through instability, increased range of motion and
minor trauma in the setting of pre-existing DCM.4 While neck
flexion can potentiate the compressive effects of ventral osteo-
phytes or disc herniations, hyperextension causes the ligamentum
flavum (LF) to buckle and impinge the spinal cord posterior-
ly.13,14 On that note, the most common form of incomplete
traumatic SCI, also known as central cord syndrome, usually
occurs in older patients with pre-existing degenerative changes
after low-impact hyperextension injuries to the cervical spine and
is characterized by an asymmetric motor weakness, more pro-
found in the upper than lower extremities.15–17

Ligamentous Aberrations

Spinal degeneration may also result in structural changes to
the posterior longitudinal ligament (PLL) and the LF, which
include hypertrophy and aberrant ectopic ossification or calcifi-
cation. These alterations ultimately result in a reduction of the
spinal canal diameter and contribute to spinal cord
compression.11

While the loss of IVD height has been discussed to cause
abnormal cervical spine biomechanics that eventually lead to
hypertrophic degeneration and buckling of the ligamentum fla-
vum,8,9 a nucleus pulposus prolapse has been proposed to be
involved in the initiation of hypertrophic changes to the PLL.18

However, the exact underlying pathomechanism in the develop-
ment of ossification of the PLL (OPLL), ossification of the LF
(OLF), and calcification of the LF (CLF) remains unclear. While
incidences of OPLL among Germans and North Americans have
been reported to be 0.1 %, increased incidences of OPLL (1.9-
4.3%), OLF (up to 20% in >65 years of age) and CLF among the
Japanese population suggest environmental and/or genetic factors
contribute to the marked calcification and ossification of these
ligaments.8,19–21

Congenital Disorders

Several congenital disorders result in altered cervical spine
anatomy and accelerate degeneration of cervical structures,
thereby promoting earlier development and clinical manifestation
of DCM.

Patients with Down syndrome (DS) potentially suffer from a
variety of congenital manifestations, which, from a cervical spine
perspective, include a predisposition to atlantoaxial instability
(AAI), cervical spondylosis, and developmental abnormalities of
bony structures (such as the odontoid process or the posterior arch
of C1).22,23 The increased incidences of AAI among patients with
DS have been numbered between 10–20%, of which however
only 1–2% develop symptomatic myelopathy.22

Yet another hereditary disorder that renders the atlantoaxial
joint at higher risk for instability is Ehlers-Danlos syndrome
(EDS).24,25 EDS is a clinically and genetically heterogenous
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group of connective tissue disorders affecting mainly the skin,
joints, and ligaments.26 The atlantoaxial joint is essentially
dependent on the stabilizing properties of the transverse and alar
ligaments, which in EDS show a proclivity to inefficiency thereby

increasing the risk for AAI.24,25 Furthermore, ligamentous laxity
puts patients with EDS at an increased risk of developing
segmental instabilities and kypho-scoliotic deformities.24,26 As
a result of a loss of physiologic cervical lordosis and increasing

Figure 1: An illustration of the varied anatomical changes in the cervical spine that may underly the development of
degenerative cervical myelopathy. Medical illustration by Diana Kryski (Kryski Biomedia). Reprinted with permission from
Nouri A, Tetreault L, Singh A, et al. Degenerative Cervical Myelopathy: Epidemiology, Genetics, and Pathogenesis. Spine
2015;40:E675.
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kyphosis, normal elongation of the spinal cord during neck
flexion may worsen due to compression against the vertebral
bodies and/or ventral spondylotic bars.24,27

KFS is a complex, congenital condition, which has been
shown to present with a classical clinical triad of low posterior
hairline, short neck and limited cervical range of motion in 34–
74% of patients.28,29 Although various neurologic and visceral
abnormalities have been shown to be associated with KFS, the
hallmark of this condition is the improper segmentation of
cervical motion segments, resulting in congenitally fused verte-
brae.28,29 The abnormal vertebral fusion seen in KFS patients is
mainly observed in the cervical spine and has been linked to
facilitate similar degenerative processes as seen in patients who
have undergone operative fusion of cervical motion segments.
The effects, which have been discussed to occur as a result of
increased biomechanical stress on adjacent nonfused segments,
include the development of adjacent level disc degeneration,
cervical spondylotic development, subluxation, bulging of the
disc and/or LF, and loss of cervical alignment.28,30,31

Developmental narrowing of the cervical spinal canal, as seen
in congenital spinal stenosis, has been shown to lower the
threshold at which the cumulative effects of degenerative changes
encroaching the spinal cord cause clinical signs and symptoms of
DCM.4,8,32,33 While normal sagittal canal diameters have been
reported to be 17–18 mm between C3 and C7, a sagittal diameter
of <13 mm constitutes a risk factor for developing signs and
symptoms of cervical myelopathy.8,34 Clearly, interindividual
variabilities of what is considered a “normal” spinal canal
diameter, variations in the thickness of the spinal cords, and
imaging artifacts complicate the development of uniform thresh-
olds when taking into account absolute values. The Torg-Pavlov
method compares the spinal canal diameter with the correspond-
ing vertebral body (spinal canal/vertebral body), whereby a ratio
of 0.82 has been found to suggest significant cervical spinal
stenosis.35

PATHOPHYSIOLOGY OF SPINAL CORD COMPRESSION

The understanding of the pathophysiological mechanisms in
DCM has long been complicated due to the lack of commensu-
rable animal models capable of reflecting the effects of chronic
compression to the spinal cord. The development of robust
animal models resulted in meaningful comprehension of the
underlying pathomechanisms, including ischemia, blood-spi-
nal-cord barrier (BSCB) disruption, inflammation, and apopto-
sis.8,36,37 Eventually, these events have been demonstrated to
culminate in axonal demyelination and degeneration of corti-
cospinal tracts, astroglial scarring, cavitation, loss of interneur-
ons, as well as atrophy and degeneration of anterior horn cells.9

The cascade of detrimental effects in DCM is essentially
nourished as the spinal cord macro- and microvasculature experi-
ences chronic compression, thereby causing ischemia through
attenuation of local and regional spinal cord blood flow.38 While
the compressive effects exerted by degenerative changes under-
standably cause extraluminal narrowing of the major feeding
arteries (such as the vertebral arteries and anterior spinal artery),
pathological findings have identified vessel wall thickening and
hyalinization to occur in the anterior spinal artery and parenchy-
mal arterioles.39,40 On a microvascular level, local perfusion is
impaired as chronic cord compression causes stretching,

flattening, and loss of penetrating branches of the lateral pial
arterial plexus.9,41

Endothelial cells, which are conjoined with tight junctions, are
of fundamental importance to maintain the integrity of the BSCB.
Ischemia-induced hypoxic endothelial cell death and dysfunction
renders the BSCB permeable, thereby increasing vasogenic
spinal cord edema, influx of inflammatory cells, and entry of
blood-borne toxins.9,37,38 In a rat CSM model, Karadimas et al
demonstrated increased macrophage/microglia expression in con-
junction with a disrupted BSCB, thereby providing evidence of
neuroinflammation as a key injury mechanism involved in
DCM.37

The subsequent neuroinflammatory process is characterized
by recruitment of neutrophils, activated microglia, macrophages,
and lymphocytes to the lesion site.42,43 One mechanism for how
activation of microglia and recruitment of macrophages is being
achieved has been identified in the CX3CL1/R1 signaling path-
way.44 CX3CR1, a receptor highly expressed on microglia has
been found to be increased in postmortem human cervical spinal
cords from patients with CSM.42 The ligand CX3CL1 (fractalk-
ine), which is usually bound on neuronal membranes, gets
cleaved after neuronal injury and acts as a soluble chemo-
kine.45,46 This finding has prompted further animal studies,
wherein CX3CR1-deficient knockout-mice showed decreased
microglia/macrophages accumulation and inflammation at the
site of injury resulting in increased neuronal and oligodendroglial
preservation as well as improved functional neurological recov-
ery.42 Neuronal and oligendroglial cell death are hence precipi-
tated by the effects of neuroinflammation.47,48 These effects
ultimately peak in the activation of the Fas-,42,47 tumor necrosis
factor-alpha49,50 and mitogen-activated protein kinase pathways-
mediated apoptosis.51

Finally, although surgical decompression of the spinal cord
aims at halting the progression of neurologic decline in DCM, 7-
11% of patients show neurologic deterioration after surgery.52

One explanation underlying postoperative neurologic deteriora-
tion has been found in reperfusion-mediated oxidative stress.
Restoration of tissue blood flow in a previously prolonged
ischemic spinal cord-microenvironment has been shown to in-
duce oxidative stress, resulting in damage to neurons in both
human and rodents, a process also known as ischemia-reperfu-
sion injury.53

NATURAL HISTORY OF DCM

The natural history of DCM, particularly for individuals with
mild impairment, remains incompletely understood. The heteroge-
neity of patient presentation and underlying genetic susceptibility
to the effects of chronic cord compression adds to the challenges in
defining the clinical presentation and course of DCM. Genetic
factors, including the ApoE allelic status, have been shown to
influence the natural history of DCM. Of note, patients with an
ApoEϵ4 gene polymorphism and chronic cervical spinal cord
compression were found to be at an increased risk of developing
DCM and to have a comparatively poor natural history when
compared to those with an ApoE3 genetic signature.54

Rates of neurologic deterioration with nonoperative strategies
have been estimated to range between 20–62% at 3–6 years of
follow-up, as quantified by the modified Japanese Orthopedic
Association scale (mJOA).55 However, these numbers likely
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underestimate the actual rate of deterioration as it can be subtle
and patients often fail to recognize worsening symptoms due to
mechanisms of behavioral adaption and neuroplasticity.56,57

Notably, a recent ambispective cohort study from our group
examined 117 patients (74 mild, 28 moderate, 15 severe DCM)
and found a relatively high rate of neurological deterioration in
57% of primarily diagnosed DCM (95% CI, 46–67%) as well as
73% for recurrent DCM (95% CI, 50–88%) over a mean follow-
up period of 2.5 years. Of concern, we found that the mJOA score
and conventional structural MRI were relatively insensitive to
detect clinical change.58 As a result, we would conclude that the
mJOA score or anatomical MRI alone are not sufficient for
clinical-radiologic monitoring of myelopathic progression. Serial
clinical assessments should therefore include quantitative grip
strength, dexterity testing, balance and gait analysis, with the aid
of ancillary tests as further outlined below.57 This holds particu-
larly true for patients with mild DCM in whom a nonoperative
strategy might have been chosen initially, and where early
detection of neurologic deterioration is of utmost importance to
transition from a nonoperative approach to surgery.

And yet, while surgery has been shown to be safe and effective,59

further research on the natural history of mild DCM is required to aid
in clinical decision-making for this subset of patients.

DIAGNOSIS OF DCM

The early diagnosis of DCM is essential as delays will result in
irreversible nerve impairment for patients. Primary care providers
(PCPs) are often the first to encounter a patient with a potential
case of DCM. Unfortunately, the diagnosis of DCM in the
primary care setting is often delayed.60 As a result, efforts to
enhance the diagnosis of DCM and educate PCPs in the diagnosis
of DCM are paramount.

Clinical Signs and Symptoms

The early clinical signs of DCM can be subtle. Common
presenting symptoms include upper extremity paresthesias,
sphincter dysfunction, gait disturbances, and fine motor dysfunc-
tion. The clinical signs of DCM are encompassed by the mJOA
(Table 1).56 This scale can be used to assign a score to patients
from their upper and lower extremity motor function, upper
extremity sensory function and their sphincter function. Patients
can then be stratified into mild, moderate, and severe disease
based on their mJOA score. The physical exam signs of DCM are
characterized by upper motor neuron signs (hyperreflexia,
Babinski sign, Hoffman’s sign), focal motor deficits, sensory
deficits, gait ataxia, and positive Romberg sign. A thorough exam

Table 1: The modified Japanese Orthopedic Association (mJOA) classification. The sum of the subscores from each of the four
categories defines the severity of degenerative cervical myelopathy: mild (15–17); moderate (12–14); and severe (0–11)
degenerative cervical myelopathy

Category Score Description

Upper extremity motor subscore (/5) 0 Unable to move hands

1 Unable to eat with a spoon but able to move hands

2 Unable to button a shirt but able to eat with a spoon

3 Able to button a shirt with great difficulty

4 Able to button a shirt with mild difficulty OR other mild fine motor dysfunction (marked handwriting change, frequent
dropping of objects, difficulty clasping jewelry, etc.)

5 Normal hand coordination

Lower extremity subscore (/7) 0 Complete loss of movement and sensation

1 Complete loss of movement, some sensation present

2 Inability to walk but some movement

3 Able to walk on flat ground with walking aid

4 Able to walk without walking aid, but must hold a handrail on stairs

5 Moderate to severe walking imbalance but able to perform stairs without handrail

6 Mild imbalance when standing OR walking

7 Normal walking

Upper extremity sensory subscore (/3) 0 Complete loss of hand sensation

1 Severe loss of hand sensation

2 Mild loss of hand sensation

3 Normal hand sensation

Urinary function subscore (/3) 0 Inability to urinate voluntarily (requiring catheterization)

1 Frequent urinary incontinence (more than once per month)

2 Urinary urgency OR occasional stress incontinence (less than once per month)

3 Normal urinary function
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and history taking is essential in the diagnosis and monitoring of
DCM patients.

The signs and symptoms of DCM are broad and can also be
present in other neurological conditions. The differential diagno-
sis of DCM includes, radiculopathy, peripheral neuropathy,
stroke, amyotrophic lateral sclerosis, diabetic neuropathy, Chiari
malformation, and tumors. Patients with early DCM are often
misdiagnosed with bilateral carpal tunnel given similar presenta-
tions. Whenever DCM is suspected, it is essential to carry out a
thorough clinical and physical examination, as well as to obtain
imaging and electrophysiological testing when appropriate.
When the clinical diagnosis of DCM is uncertain, a referral to
a neurologist or spinal surgeon is warranted.

Imaging Techniques

The diagnosis of DCM requires clinical signs and symptoms
of cervical myelopathy and imaging evidence of cervical cord
compression. Magnetic resonance imaging (MRI) is the imaging
modality of choice for the diagnosis of DCM. In cases where an
MRI cannot be obtained, CT myelography can be substituted.
Patients with mild DCM can have subtle imaging findings. Any
changes that cause the deformation of the cord can result in DCM.
Cord signal change and circumferential compression of the cord
are not required for the diagnosis of DCM.61

The diagnosis of DCM can potentially be transformed with
advancements in MRI modalities. There are emerging techniques
that provide further granularity on the microstructural integrity of
the spinal cord. One of these quantifying techniques is T2*-
weighted imaging, which can provide a sensitive assessment of
cord integrity and potentially be used in monitoring disease
progression.1,62 With T2*-weighted imaging, one can compare
the signature ratio of the white and gray matter as a biomarker of
white matter injury (T2*WI WM/GM). With these advancements
in MRI modalities and the ability to quantify the structural
integrity of the cord, we can expect a transition to a personalized
approach to the imaging diagnosis and monitoring of DCM.
However, further research is required prior to widespread utili-
zation of these emerging techniques.

Ancillary Tests

As the care of DCM continues to evolve, there is a need for
personalized clinical assessment and diagnostic tools.63 Given
the varied disease presentation, a single ancillary test is not
feasible for the diagnosis of DCM. Specialized testing of cord
function, including using the Timed Up and Go,64 GAITRite,65,66

and the Graded Redefined Assessment of Strength Sensibility and
Prehension protocol (GRASSP),67 can be used to provide further
granularity in the clinical assessment of patients with DCM.
Adopting these personalized measurement tools requires a
multidisciplinary approach to care with an emphasis on a per-
sonalized approach that will allow for enhanced discovery of
disease progression.68

The Role of Biomarkers

Ongoing research in the field of DCM biomarkers will provide
us with tools aimed at tailoring patient-specific therapeutic
approaches. This becomes all the more important, as the disease
is usually accompanied by a subtle progression of neurologic

deterioration in a particularly aged patient population. Biomar-
kers hold the potential to increase the accuracy of diagnosis,
provide us with a tool to monitor disease progression, offer
prognostic information for patients and their relatives, as well
as aid in clinical decision-making.

Recently, circulating microRNAs have emerged as potential
serum biomarkers for SCIs. One such microRNA, termed
MIR21-5p, has been found to play a key role in the regulation
of neuroinflammation in DCM.69 In human and rodent studies of
DCM, MIR-21-5p upregulation has been shown to correlate with
initial symptom severity and poor treatment outcomes, thereby
providing a tool for outcome prediction.69 Other micro RNAs,
such as MIR-10a, MIR-210, and MIR-563, have been shown to
be potentially useful in diagnosing OPLL.70 While the diagnosis
of OPLL is particularly imaging-dependent, serum biomarkers
might be useful as a fast and readily available, broadly applicable
screening tool in high risk populations (i.e., Japanese >65 years
of age) or where imaging is not available at hand.

Apolipoprotein E (APOE) has been suggested to play a critical
role in repair and regeneration processes after lesions to the CNS
with an impairment of this function in proteins with the isoform
E4 coded by the ϵ4 allele.54 The presence of an ApoEϵ4 gene
polymorphism, as detected by DNA analysis from venous blood
samples, has been associated with an increased risk of developing
myelopathy in patients with chronic cervical spinal cord com-
pression as well as a lack of neurologic improvement after
surgical cord decompression.54,71 A recent study investigated
the effects of surgical decompression in a clinically relevant
DCM model in genetically modified mice that possessed the
human ApoE4 gene.(Article, PMID: 34369386) As compared to
their ApoE3 counterparts, mice which were expressing human
ApoE4 revealed delayed neurobehavioral recoveries post-decom-
pression surgery. Notably, this was accompanied by an exacer-
bated pro-inflammatory response resulting in higher concentra-
tions of TNF-α, IL-6, CCL3, and CXCL9. These exciting find-
ings suggest that an at risk ApoE4-positive DCM patient popu-
lation potentially benefits from personalized strategies in the
treatment of DCM.

Ancillary technical tools, such as electrophysiology, have
demonstrated promising results in improving diagnostic accuracy
and providing prognostic information.72,73 As delineated above,
imaging characteristics can be correlated to disease severity.
Further technical advancements as well as the field of artificial
intelligence and machine learning hold the potential to substan-
tially increase the sensitivity and prognostic value of imaging
studies in the near future.

Clinical Decision-Making

The main decision surrounding the management of DCM is
surgical vs. nonoperative management. According to the AO
Spine clinical practice guidelines, patients with severe (mJOA
< 12) and moderate (mJOA 12–14) myelopathy should be of-
fered surgery unless contraindicated.74 In patients with mild
myelopathy without clinical progression, there is equipoise be-
tween operative managements and a structured supervised trial of
conservative management.

Given the uncertainty in the management of mild DCM
patients, a personalized approach to their care is required. A
patient’s general health, co-morbidities, functional status, and
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occupational status can all be factored into the decision-making.
Ultimately, a patient’s preference in management will often
dictate their care. If a nonoperative approach to care is adopted,
it is essential that patients are followed closely for clinical
progression. Those patients with clinical progression should be
re-considered for surgical intervention. Patients themselves are
often not aware of disease progression, and early signs can be
difficult to detect due to neuroplasticity, adaption and behavioral
modifications.56 These patients should have frequent follow-up
and a multidisciplinary team with personalized functional ancil-
lary testing in their monitoring.

GUIDELINES FOR THE MANAGEMENT OF PATIENTS WITH DCM

In 2017, a multidisciplinary guideline development group
under the auspices of AO Spine North America and the Cervical
Spine Research Society conducted five systematic reviews and
developed recommendations for the management of DCM.74 The
quality of evidence and the strength of recommendations were
determined by the Grading of Recommendation, Assessment,
Development and Evaluation (GRADE) guideline development
tools.75–77 The results are portrayed in this section:

• Patients with severe DCM (mJOA 0–11): Surgical inter-
vention is recommended (Quality of evidence: moderate;
Strength of recommendation: strong)

• Patients with moderate DCM (mJOA 12–14): Surgical
intervention is recommended (Quality of evidence: moder-
ate; Strength of recommendation: strong)

• Patients with mild DCM (mJOA 15–17): Offering surgical
intervention or a supervised trial of structured rehabilitation
is suggested. If nonoperative management is initially pur-
sued, surgical intervention is recommended if neurologic
deterioration occurs. A surgical intervention is suggested if
patients fail to improve. (Quality of evidence: very low to
low; Strength of recommendation: weak)

• Nonmyelopathic cervical cord compression without signs
or symptoms of radiculopathy: Offering prophylactic sur-
gery for nonmyelopathic patients with evidence of cervical
cord compression without signs or symptoms of radiculo-
pathy is not suggested. It is suggested that these patients be
counseled and educated as to potential risks of progression
and about relevant signs and symptoms of myelopathy, and
be followed clinically. (Quality of evidence: no evidence,
clinical expert opinion; Strength of recommendation: weak)

• Nonmyelopathic cervical cord compression with clinical
evidence of radiculopathy with or without electrophysio-
logical confirmation: Patients should be counseled about
the higher risk of developing myelopathy. Surgical inter-
vention or nonoperative treatment consisting of close serial
follow-up or a supervised trial of structured rehabilitation is
suggested. (Quality of evidence: low; Strength of recom-
mendation: weak)

OPERATIVE TREATMENT

The ultimate goal of surgical intervention is to remove the
compressive forces from the spinal cord thereby restoring spinal
cord blood flow. Moreover, kyphotic deformities and/or spinal
column instability may require instrumented fusion to restore

cervical alignment or ensure mechanical stability. Historically,
the target of operative decompression was to halt the progression
of neurologic deterioration and to maintain the neurologic status.
However, newer studies have shown improved long-term out-
comes of neurologic function, disability, and health-related qual-
ity of life in patients receiving surgical decompression for DCM,
therefore adding more weight to the indication for operative
treatment.78,79 Moreover, a recent study has demonstrated that
patients who were operated within four months of symptom onset
had significantly better long-term mJOA outcomes than those
treated after four months.80

Owing to the heterogeneity of the pathologies encountered in
DCM, different surgical approaches and interventions have been
developed to reach optimal decompression of the spinal cord.
These include anterior approaches, such as cervical discectomy
and fusion (ACDF), anterior cervical corpectomy and fusion
(ACCF), a combination of ACDF and ACCF, cervical disc
arthroplasty and posterior approaches, such as posterior
laminectomy with or without posterior instrumented fusion or
laminoplasty. A third category encompasses circumferential
decompressive and stabilizing surgeries, which combine both
anterior and posterior techniques and are usually confined to
more complex and severe cases.

Anterior Versus Posterior Surgical Approach

While in younger patients with ventrally located, focal pa-
thologies (such as single- or two-level DDD), an anterior surgical
approach is usually favored,81 decision-making in other scenarios
might not be as clear. The seemingly equipoise between anterior
and posterior approaches in these cases has generated a source of
vibrant debates about the optimal surgical approach.81–83 A
prospective observational multicenter study of 264 patients dem-
onstrated no significant differences in rates of complications and
functional or quality of life outcomes as measured by the mJOA,
Nurick Scale, Neck disability index (NDI), and SF36v2 scores.81

These findings have been underscored by a propensity-matched
analysis of a combined dataset of two large prospective multi-
center AO Spine studies where anterior and posterior surgical
decompression resulted in no significant differences in rates of
complications and postoperative outcomes at 2 years.83 A recent
quality outcomes database analysis of 245 patients undergoing
three to five-level surgical decompression for DCM (Anterior =
163, Posterior =82) strengthened the previous findings of similar
patient reported outcomes and found no significant differences in
readmission and return to work rates.82 Finally, the results of a
North American multicenter RCT (n = 163; anterior surgery
n = 63; dorsal surgery n= 100) have just recently been published
confirming that an anterior surgical approach did not significantly
improve patient-reported physical functioning at 1 or 2 years as
indicated by the Physical Component Summary score of the SF-
36v2.84 However, patients undergoing anterior surgery had a
significantly greater risk of complications than dorsal surgery
(47.6% vs 24%; 95% CI, 8.7–38.5%; P= 0.002). Of particular
note, most of the complications were minor, including dysphagia
(41% vs. 0% for anterior vs posterior surgery, respectively), and
resolved within one year after surgery.

In sum, the current evidence does not show superiority of one
surgical approach over another. And yet, in order to provide
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optimal surgical treatment and move toward an individual,
patient-tailored approach, several factors need to be considered
including the underlying pathology, management of sagittal
deformity as well as surgical expertise.85

Considerations in Surgical Decision-Making

Several clinical factors have been shown to affect outcomes
from DCM surgery including patient age, duration of symptoms,
comorbidities, preoperative imaging characteristics and the res-
toration of sagittal alignment.86

Indeed, recent studies have ascribed increasing importance to
the consideration of preoperative cervical alignment parameters
(such as the C2–7 angle and the modified K-line method) in
surgical decision-making.87 Cervical lordosis, for example, is
commonly assessed from C2–C7 using the Cobb angle method.12

In that regard, patients with a cervical kyphosis exceeding 13°
have demonstrated improved neurologic recoveries when under-
going an anterior surgical approach or posterior surgery where the
correction of local kyphosis is being addressed by instrumenta-
tion as compared to laminoplasty.88 Another helpful measure-
ment tool attempting to predict residual anterior compression of
the spinal cord after DCM surgery has been introduced with the
modified-K line method.89 On a mid-sagittal cervical MRI, the
modified K-line represents a connecting line from the sagittal
midpoints of the spinal cord at the levels of C2 and C7. The
minimum interval distance (mINT) describes the distance be-
tween the anterior compressing elements and the modified K-line.
Using this concept, the authors suggest a mINT of >4.4 mm as a
cutoff for an optimal neurologic recovery in nonlordotic patients
after laminoplasty.90 On the other hand, a mINT of <4 mm
should direct the surgeon toward an anterior or combined anteri-
or/posterior approach in order to avoid residual anterior com-
pressive forces and achieve best possible neurologic outcomes.
These data clearly stress the importance of cervical alignment
parameters, which as a result should be incorporated into surgical
decision-making.

Factors that guide the choice between the varied anterior or
posterior surgical techniques have been recently reviewed in
detail by Wilson et al.91 In brief, when an anterior surgical
approach is chosen in the setting of minimal retrovertebral
disease, a multilevel ACDF is recommended over an ACCF or
a hybrid ACDF-ACCF approach. However, in the presence of
significant retrovertebral disease, a hybrid discectomy-corpect-
omy approach is preferred over multiple corpectomies.91,92

In the setting of a posterior approach, the current body of
evidence does not show superiority of one surgical procedure
over the other (laminoplasty versus laminectomy and fusion) in
terms of neurologic outcomes.91,93–96 This stresses the impor-
tance of having a high-quality RCT in order to provide final
clarity on this subject.

NONOPERATIVE MANAGEMENT

A structured nonoperative approach is often adopted in the
management of patients with mild DCM. It is imperative that
patients who are receiving nonoperative management are moni-
tored as any clinical deterioration would change their candidacy
for surgical intervention. There is variability in different
approaches to nonoperative treatment and patient specific factors

with available resources at the treating facility often dictating the
approach to care. Non-operative protocols include immobiliza-
tion, cervical bracing, neck therapy, cervical traction, and a
combination of drug therapies.91 Patients with a soft disc hernia-
tion and dynamic myelopathy can achieve resolution of their
symptoms with structured neck therapy.74 Specific physiotherapy
protocols have also been published demonstrating pain relief as
well as functional improvements.97–100

Currently, medical, and regenerative therapies are in their
infancies for the treatment of DCM. Halting the chemical
cascade behind degeneration is an ideal target for medical
therapies. Mesenchymal stem cells 101,102 and therapeutic pro-
tein injections 103,104 have been studied and show early prom-
ising results in the treatment of DCM. Off label use of Riluzole
has shown promising pre-clinical results in improving outcomes
in DCM.105 In clinical trials, while the use of adjuvant Riluzole
did not improve functional outcomes beyond surgical decom-
pression, there were improvements in secondary outcomes such
as pain which warrant further investigation.106 Further research
could isolate populations that would benefit from adjuvant
therapies such as Riluzole.

ILLUSTRATIVE CASE

We present the case of a 62-year-old, right-handed female
who was seen by her PCP due to neck pain. She was initially
given a diagnosis of bilateral carpal tunnel syndrome when she
presented with paresthesia in both hands. The patient was started
on a trial of braces with no alleviation of her symptoms. On
further history she indicated that she has been dropping objects.
Suggestive of impairment of her manual dexterity, she could
button up her shirt only with great difficulty. The patient could
not go up the stairs without holding on to a handrail indicating
potential gait imbalances. There was no history of trauma.

On physical examination, the patient had intact strength in all
the major muscle groups of the lower and upper extremities. She
had a positive Hoffman sign bilaterally. She showed brisk
reflexes in the biceps and triceps tendons bilaterally. The patient
had marked difficulty with tandem gait. Sensation was altered to
light touch and pin prick in the upper extremities bilaterally.

Given the raised concerns for cervical myelopathy, she was
sent for an urgent MRI of the cervical spine. Mid-Sagittal T2
images (Figure 2A) revealed multilevel degenerative changes of
the IVDs with significant compression of the cord at the C4/5,
C5/6 and C6/7 levels with T2-hyperintense myelopathic signal
changes. Given her MRI findings and her clinical presentation,
she was diagnosed with a mJOA 12 cervical myelopathy. This
patient was offered a 3-level ACDF which was done successfully.
At 1-year follow-up, the patient was no longer reporting any pain,
paresthesia or difficulties with hand motor function but was noted
to have continued gait disturbance. Her post-operative mJOA was
16. A postoperative mid-sagittal T2 MRI scan shows a sufficient-
ly decompressed spinal cord (Figure 2B), while the radiograph at
follow-up shows an intact anterior plate and evidence of osseous
fusion, (Figure 2C).

CONCLUSION

The early diagnosis and management of DCM is paramount
and requires a personalized multidisciplinary approach to care.
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DCM can have subtle and varied presentations with a range of
underlying pathophysiology. Given the importance of early
diagnosis, clinicians need to be attuned to early presenting signs
of DCM and quick to complete workup. With advancements in
imaging modalities, chemical biomarkers, and clinical ancillary
testing in the near future, we can expect a complete personalized
approach to the diagnosis of DCM that would enhance sensitivity
of diagnosis and disease progression.

The treatment and clinical decision-making for patients with
DCM depends on the severity of the disease and patient-specific
factors. With the current evidence, there is clinical equipoise
between operative and nonoperative intervention in mild DCM.
As such, patient-specific factors and wishes would play a domi-
nant role in the eventual treatment modality. The necessity of
better understanding the uncertainties and needs of patients with a
lived experience of DCM has been investigated in a recent online
poll.107 This multi-stakeholder consensus process, termed AO
Spine Research objectives and Common Data Elements for
Degenerative Cervical Myelopathy (RECODE-DCM), aims to
promote research efficiency in DCM through generation and
ranking of research questions. An essential component to this
process was found to be the inclusion of people with cervical
myelopathy. Eventually, treatment outcomes can be enhanced in
all patients by incorporating a personalized approach. The opera-
tive approach, pre- and post-operative care can be optimized to
ultimately enhance patient outcomes.
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