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egenerative cervical myelopathy (DCM) is the most
common form of spinal cord impairment in adults.
DCM is an important, disabling and unfortunately
frequently overlooked condition, which is esti-
mated to affect as many as one in 50 adults.!* Despite the
prevalence of DCM, awareness of this condition among
members of the public and even among physicians is lack-
ing. Thus, many patients do not receive a timely diagnosis,
with wait times to the time of diagnosis ranging on average
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two to five years. Given the frequent delays in diagnosis and
treatment, many will be left with lifelong disabilities despite
appropriate surgical intervention.®> AO Spine RECODE
DCM (REsearch Objectives and Common Data Elements
for Degenerative Cervical Myelopathy) (https://www.
aospine.org/recode) was formed as an international,
interdisciplinary, and interprofessional initiative, including
patients with DCM. One of the research priorities is
the development of comprehensive diagnostic criteria
for DCM®’ to facilitate early diagnosis and timely
management.? This requires standardized clinical evalua-
tion metrics based on objective and reproducible signs and
symptoms coupled with advanced magnetic resonance
imaging (MRI) approaches with standardized evaluation
approaches. This is pertinent to DCM, as MRI findings,
such as cord compression, are often incidental and only
weakly correlate with disease severity. To stimulate research
and awareness, we discuss a proposed diagnostic frame-
work to advance the role of imaging in the diagnosis of
DCM.?

THE ROLE OF NEUROIMAGING FOR
DIAGNOSIS OF NEUROLOGICAL DISEASES

In neurological conditions, the additional value of imaging for
diagnosing a specific disorder ranges between “rule in” a di-
agnosis and being “optional” (Figure 1). In most conditions,
imaging is additionally used to exclude differential diagnoses.
For instance, for the diagnosis of intracerebral hemorrhage, a
computed tomography scan can “rule in” the diagnosis
(Figure 1A).10 In other conditions, such as multiple sclerosis,
when clinical signs and/or symptoms are present, additional
imaging is needed to “support” the final diagnosis
(Figure 1B).!! Then, in some conditions, such as amyotrophic
lateral sclerosis, imaging is needed to “rule out” differential
diagnoses, while the diagnosis relies on clinical findings
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Figure 1. Diagnostic framework to understand the role of neuroimaging in neurological diseases and application to degenerative cervical

myelopathy.

(Figure 1C).12 Last, imaging can be considered “optional,” for
example, in migraine (Figure 1D).!3 This framework represents
a simplification not covering cases with aberrant findings or all
advantages that highly specialized imaging provides. However,
this framework reflects the implicit system routinely used by
neurologists and neurosurgeons. Therefore, it is logical to
conclude that DCM criteria following this framework would
permit high levels of acceptance and utility.

APPLICATION OF NEUROIMAGING
FRAMEWORK IN DCM

In DCM, cervical spine imaging, and in particular MRI, is
essential for the diagnosis and is not optional, as spinal
canal narrowing is a prerequisite for spinal cord com-
pression. However, given the high prevalence of patients
with asymptomatic spinal canal stenosis,'* the strong in-
terrelation of degenerative features,!> and the challenges of
correlating clinical and radiological findings,'® we advocate
that spinal canal narrowing alone does not suffice to make
the diagnosis of DCM. An accurate diagnostic
approach will thus need to define the other characteristics,
such as signs and symptoms, that permit a final diagnosis
when cervical canal narrowing is present on MRI In
addition, differential diagnoses, for example, multiple scle-
rosis and tumor, should be ruled out with MRI (Figure 1E).

ADVANCED NEUROIMAGING: FROM SPINAL
STENOSIS TO MEASURES OF SPINAL CORD
DISTRESS

To enhance the utility of cervical spine MRI, several ad-
vanced neuroimaging methods are in various stages of
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translation.!” Their entry into clinical practice may adjust
the role of MRI in the diagnosis of DCM, for example, to
rule in a diagnosis of DCM. These include phase-contrast
magnetic resonance imaging (PCMR) to measure cranio-
caudal motion of the spinal cord and cerebrospinal fluid,
microstructural and functional imaging of the spinal cord,
and spinal cord perfusion imaging.!®1° PCMR in DCM has
repeatedly demonstrated that spinal cord motion was in-
creased at the level of stenosis and adjacent to the level of
stenosis.?%23  This approach also demonstrated cere-
brospinal fluid flow was increased at the level of stenosis.?*
Interestingly, the authors have demonstrated a correlation
between deranged cerebrospinal fluid flow and radiological
evidence for myelopathy, and normalization of flow fol-
lowing decompressive surgery. Therefore, PCMR holds the
potential to detect correlates of effective decompression.
Microstructural imaging provides the unique opportunity to
quantify spinal cord tissue properties. Diffusion tensor
imaging allows for the assessment of axonal and myelin
integrity. Among the best studied diffusion tensor imaging
metrics, apparent diffusion coefficient, a rate of water mo-
tion without reference to the direction, and fractional ani-
sotropy, a measure for water to diffuse in one direction, are
best investigated in DCM. It was consistently demonstrated
that an increased apparent diffusion coefficient and reduced
fractional anisotropy had higher sensitivity and specifi-
city to identify patients with DCM than T2-weighted
hyperintensity.?>2® Moreover, quantitative MRI allowed
for detection of subclinical tissue injury in patients with
asymptomatic spinal canal stenosis before the onset of
symptoms,?” and it was shown to be sensitive for myelo-
pathic progression.?® In addition, it has been demonstrated
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that tract-specific neurodegeneration can be found remote
to the level of compression,?=3! indicating that the mech-
anisms behind the clinical evolution of DCM are not
restricted to focal cervical cord pathology, but involve
complex degeneration across the spinal axis. Functional
MRI and perfusion imaging are still nascent in the field of
DCM but hold potential to increase our understanding of
impaired spinal neuronal networks in DCM,3? respectively,
to elucidate the role of chronic hypoperfusion for the
clinical evolution of DCM.33

SPINAL CORD DISTRESS AND TIMELY
MANAGEMENT

The translation of these techniques is most likely to benefit
patients with mild forms of DCM where there is greater
diagnostic uncertainty, for example, with fewer displaying
the more objective examination findings (e.g., Hoffman
sign), but also given the management uncertainty; are the
risks of surgery warranted against the natural history of
mild DCM? In keeping with DCM research in general,3*
relatively few imaging studies have investigated mild myel-
opathy. Martin et al?’ used microstructural MRI, in par-
ticular T2* gray matter/white matter ratio assessment, to
identify subclinical evidence of spinal cord damage in a
cohort of patients with cervical stenosis, thus confirming
promise. This finding is supported by similar studies using
multimodal evoked potentials, suggesting solutions may
also lie outside of imaging.3*-3¢ Whatever the modality, the
development of assessments to unlock this conundrum is
crucial: being able to identify who requires surgery, and
perform it before there is irreversible damage, would
transform outcomes for DCM, moving it from a paradigm
of reactive to pre-emptive care.’

IMMEDIATE OUTLOOK

While these new modalities remain in development, there
are many simpler gains. For example, from discussions
within the RECODE DCM working group, it became ap-
parent the imaging framework would support educational
initiatives. For example, those living with DCM referenced
the common “lay” misconception that a diagnostic test
provides certainty. For similar reasons, this could help raise
awareness among nonexpert professionals, to identify those
with seemingly mild stenosis and symptoms and allow for
timely management, while avoiding surgery in patients with
asymptomatic stenosis.

Future directions in the neuroimaging evaluation of
DCM require a standardized definition of spinal canal
narrowing, spinal cord compression and intrinsic cord sig-
nal changes. Systematic literature reviews with consensus-
based evidence synthesis could set the stage for the devel-
opment of an objective imaging diagnostic framework for
DCM. Creating a simple framework for diagnosis in
DCM has the potential to dramatically change care and
outcomes.>” Novel methods for determining spinal cord
distress are currently under examination and may reshape
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our view on DCM, but remain a work in progress. We look
forward to the feedback and perspectives of the community
and hope more will work with us on this endeavor.
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