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Background: The incidence of degenerative cervical myelopathy (DCM) has increased over the years
due to an increasing aging population, yet there is a dearth of recent comprehensive data evaluating the
multiple facets of this degenerative condition. Recent publications have highlighted the biochemistry and
biomechanics of DCM, which are paramount to understanding the degenerative nature of the condition
and selecting the most optimal treatment options for improved patient outcomes. In addition, there have
been recent studies establishing the superiority of surgical to non-surgical treatments for DCM, which until
now was a poorly substantiated claim that has permeated the medical field for decades. The authors of this
systematic review sought to collect and assess available high quality peer reviewed data to analyze the nature
of DCM and gain a better understanding for its treatment choices.

Methods: PubMed and Cochrane Central Register of Controlled Trials were systematically searched on
January 19, 2023 with date restrictions of 2015-2023 imposed. For initial data collection, five independent
searches were completed using the following keywords: pathogenesis, pathophysiology, and epidemiology of
DCM; cervical spondylotic myelopathy (CSM) and DCM recent developments; management and treatment
for CSM and DCM; diagnosis and management of DCM; and pathophysiology of DCM. The results were
screened for their application to DCM; any study that did not directly address DCM were identified and
removed through abstract assessment, such studies included those pertaining to alternative fields including
cardiology and psychiatry. Studies found relevant through full-text assessment and those published in English
were included in this study and unpublished studies and studies found irrelevant based on titles and keywords
were excluded from this study. The 115 articles that met criteria were critically appraised independently
by the 2 reviewers and the principles of Grading of Recommendations, Assessment, Development, and
Evaluations (GRADE) were applied to assess the quality of evidence from each study.

Results: A total of 352 studies resulted from the original search. There were 71 duplicate articles that were
removed and a total of 281 articles were screened. 166 articles were then removed based on the exclusion/
inclusion criteria, title, and abstract. Of the 138 articles that remained, a final list of 115 articles was created
based on the reporting measures.

Conclusions: DCM is a multifactorial disease that has the potential to impair neurological function and
cause significant paralysis. Although the multiple facets of this disease have not been fully elucidated, there
have been significant breakthroughs in understanding the mechanisms involved in this disease process.

The use of complex imaging modalities, genetic sequencing, biomarkers, and pharmacological agents has
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provided insight into the factors involved in the progression of DCM, which has consequently cultivated

more refined approaches for diagnosis and treatment of DCM.
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Introduction
Background

The incidence of degenerative cervical myelopathy (DCM)
has increased over the years due to an increasing aging
population, yet there is a dearth of recent comprehensive
data evaluating the multiple facets of this degenerative
condition (1,2). DCM is characterized as the chronic

compression of the spinal cord between the upper

Highlight box

Key findings

* The synergistic effect of imaging, genetic sequencing, biological
markers, and pharmacology has the potential to favorably shift
the prognosis of patients with degenerative cervical myelopathy
(DCM).

¢ Implementing standardized approaches that use individual
preoperative characteristics to predict postoperative outcomes
can address the discrepancies of postoperative surgical outcomes
between patients with DCM.

What is known and what is new?

e DCM is a progressive neurological disorder that can lead to
significant impairment in affected individuals. The incidence of
DCM has increased over the years due to an increasing aging
population, making it a salient area of research.

® This manuscript discusses the biochemistry and biomechanics of
DCM, which are paramount to understanding the degenerative
nature of the condition and selecting the most optimal treatment
options for improved patient outcomes.

What is the implication, and what should change now?

e The field of orthopedic surgery has tremendously evolved with
recent technological developments. These advancements have
provided detailed insight into the pathophysiology of DCM, which
have subsequently enhanced management and treatment options
for the disease. This systematic review highlights the importance
of increased accessibility to imaging modalities, genetic sequencing,
biomarkers, and pharmacological agents for the management of

DCM as these may improve patient outcomes.
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cervical region and the upper thoracic region resulting
in a wide range of neurologic disabilities. Classically it
has an insidious onset progressing in a stepwise manner
with functional decline. Without the necessary medical
interventions, patients may progress toward significant loss
of function (3). The treatment of DCM is multifactorial;
while conservative options exist, surgical intervention yields
superior results in improving functional outcomes (4,5).
The goal of surgical intervention is decompression of the
spinal cord and prevention of symptomatic progression (6).
The authors of this systematic review sought to collect and
assess available high quality peer reviewed data to analyze
the nature of DCM and gain a better understanding for its
treatment choices.

Rationale and knowledge gap

Recent publications have highlighted the biochemistry
and biomechanics of DCM, which are paramount to
understanding the degenerative nature of the condition and
selecting the most optimal treatment options for improved
patient outcomes. In addition, there have been recent
studies establishing the superiority of surgical to non-
surgical treatments for DCM, which until now was a poorly
substantiated claim that has permeated the medical field for
decades.

Objective

To consolidate the emerging data surrounding the
pathogenesis, pathophysiology, natural history, epidemiology,
diagnosis, and treatment of DCM into a systematic review
that serves to educate physicians on this disease process
including current treatment options available. We present
this article in accordance with the PRISMA reporting
checklist (available at https://jss.amegroups.com/article/
view/10.21037/jss-23-123/rc).
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Methods
Search strategy

The initial search was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines (7). The guidelines released by
Fehlings et al. in 2017 dictated parameters to guide clinician
approach to DCM. The aim of this study is to capture
updates in clinical knowledge and practices that have
occurred in the years leading up to and following the release
of these guidelines (8). The date restriction was extended to
cover articles released following the updates of the widely
cited 2015 release outlining the updates in the diagnosis and
treatment of DCM (9). Two electronic full-text databases
PubMed and Cochrane Central Register of Controlled
Trials were systematically searched with date restrictions of
2015-2023 imposed. For the initial data collection, five (5)
independent searches were completed using the following
keywords: pathogenesis, pathophysiology, and epidemiology
of degenerative cervical myelopathy; cervical spondylotic
myelopathy (CSM) and degenerative cervical myelopathy
recent developments; management and treatment for
CSM and degenerative cervical myelopathy; diagnosis and
management of degenerative cervical myelopathy; and
pathophysiology of degenerative cervical myelopathy. Study
titles and abstracts were filtered against the inclusion and
exclusion criteria by two reviewers independently (K.'T.,
H.T.). Full texts of the relevant studies were retrieved, and
their references were perused to identify other relevant
studies. The articles that met inclusion criteria were blindly
assessed by two junior authors independently and the
principles of Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) were applied,
resulting in each study being assigned a score of high,
moderate, low, or very (10). The principal investigator
completed the same process independently. Scores from
all three assessors were reviewed and it was found authors
concurred on the ratings of the studies; scores have been
provided in Table S1.

Authors of relevant studies were not contacted in this
process for original data, therefore, all data in the present
study was extrapolated from published literature. The last
literature search conducted on PubMed and Cochrane
Central Register of Controlled Trials was January 19, 2023.

Inclusion criteria

Relevance was classified as any article resulting from the
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search terms examining the etiology, pathophysiology,
epidemiology, diagnosis, or treatment of cervical stenosis
or DCM. Studies found to be relevant through abstract
screening followed by full-text assessment and those
published in English were included in this study.

Exclusion criteria

Unpublished studies and studies found irrelevant based on
titles and keywords were not used in this study.

Selection of studies

A total of 115 studies fit the inclusion criteria and a full-
text literature review was conducted of each relevant source.
After relevant study articles were identified, abstracts and
full-texts were assessed independently by the reviewers
K.T. and H.T. and evaluated for accuracy. There was no
disagreement among the 2 researchers in the determination
of study inclusion and data inclusion.

Results
Literature search results

The literature search process is summarized in Figure 1. A
total of 352 studies resulted from the original search. There
were 71 duplicate articles that were removed and a total of
281 articles were screened. 166 articles were then removed
based on the exclusion/inclusion criteria, title, and abstract.
Of the 138 articles that remained, a final list of 115 articles
was created based on the reporting measures.

Quality assessment

The 115 selected studies were assessed for quality of
evidence. Of the 115 selected studies, 1 was considered “high
quality”, 21 were considered “moderate quality”, 66 were
considered “low quality”, and 27 were considered “very low
quality” evidence according to the GRADE criteria (10).

Discussion
Etiology

DCM consists of acquired and congenital abnormalities
related to the cervical spine (11). The most common cause
of DCM in patients of more than 55 years of age is CSM,
which is the age-related deterioration of intervertebral
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Additional records identified through
other sources (n=44)

Records after duplicates removed (n=281)

Y

Abstracts screened (n=281)

Records excluded based on title and
keywords (n=143, irrelevant studies)

Y

Y

Full text articles assessed for eligibility (n=138)

Full-text articles excluded based
on exclusion criteria (n=23)

Y

(n=115)

[Included ] [Eligibility ] [Screening ] [Identification ]

Studies included in qualitative/quantitative analysis

Figure 1 Flow of studies through literature review.

discs (12,13). Intervertebral disc herniation, ossification of
posterior longitudinal ligament (OPLL), bony architectural
pathologies, ligamentum flavum hypertrophy, canal stenosis
or a combination of these account for the remainder of
acquired cervical myelopathy cases (4,14). The underlying
problem unifying these conditions is injury to the spinal
cord due to pathologic compression (1).

Congenital spinal stenosis (CSS) is defined as the
“decreased spinal canal diameter at multiple levels of the
cervical spine in the absence of degenerative changes” (15).
Patients with CSS have pathoanatomical features of their
cervical spines that contribute to the narrowing of their
spinal canals. Compared to controls, they have significantly
smaller AP lateral masses, lamina lengths, lamina-pedicle
angles, and larger lamina-disc angles at levels C3 to C7. A
decrease in the lamina-pedicle angle with an increase in the
lamina-disc angle ultimately leads to a smaller mid-sagittal
canal diameter. These anatomic elements devise a right
triangle that results in the progressive narrowing of the
spinal canal over time, and the eventual onset of DCM (15).

Pathophysiology

There has been increasing interest in the pathophysiology
of DCM recently. Studies have shown that the
pathophysiology is multifactorial encompassing static factors
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causing stenosis, dynamic factors resulting in continuous
mechanical injury to the spinal cord, and histopathologic
factors resulting in ischemia and inflammation
(13,16-18). Du er al. reports that serum Interleukin-6, a
potent proinflammatory cytokine, is significantly elevated in
patients with DCM and hypothesizes that its concentration
may predict symptom severity (19). Other studies note
additional pathophysiological mechanisms of DCM include
alterations of the vascular architecture, endothelial cell
impairment, disruption of the blood-spinal cord barrier, and
oligodendrocyte and neuronal apoptosis (20).

Static factors result from either congenital stenosis
or acquired stenosis secondary to spondylosis, disc
degeneration, or pathology of the ligamentum flavum
(12,21). The degenerative cascade of cervical myelopathy
typically begins with the deterioration of an intervertebral
disc (16,22,23). As time progresses, the disc annulus
weakens and the nucleus pulposus bulges posteriorly,
creating a herniated disc and a narrowed spinal canal at that
level. Deteriorated discs can also shorten, which causes the
spinal column to shorten, resulting in nerve impingement
and numbness (13,22,24-26). An additional static factor
contributing to the development of DCM is pathology
of the ligamentum flavum. The ligamentum flavum lies
posterior to the spinal column and as it loses its elasticity
and vigor, it thickens and applies mechanical pressure to
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the spinal cord. The ligament can also calcify, resulting in
a thick and rigid band-like structure impinging the spinal
cord (13,14,22,23).

Dynamic factors involve pathologic repetitive movement
of the cervical spine, which can aggravate spinal cord
compression (SCC) in physiologic and pathologic
movements (16). Researchers explain flexion may
compress the spinal cord against anterior osteophytes and
intervertebral discs while hyperextension might lead to cord
pinching between the posterior margins of the vertebral
bodies anteriorly and a hypertrophied buckled ligamentum
flavum posteriorly (16,17,22,23). Although both flexion and
extension can exacerbate myelopathy, there is a significant
increase of spinal stenosis in extension more so than in
flexion because in extension, the ligamentum flavum folds,
which further constricts the spinal canal, exacerbating cord
impingement (17,27).

SCC can lead to histopathologic changes such as ischemia
and inflammation secondary to vascular compression.
Chronic cord compression can lead to neuronal cell loss,
excitotoxicity, degeneration of the posterior columns and
anterior horn cells, and endothelial damage resulting in a
compromised blood-spinal barrier, which all accumulate to
the demise of the patient (16,17,22).

The known risk factors for developing DCM are age,
smoking, male gender, and genetics. Recent studies have
identified certain conditions that are significant risk factors
for developing DCM such as Klippel-Feil and Down
syndromes. As technology becomes readily available, there
has been an interest in the potential diagnostic utility for
genetics in the future evaluation of CSM. Single nucleotide
polymorphisms have been tracked to specific features of
the disease including inflammatory levels in intervertebral
discs (28). Genes implicated in the processes of
inflammation, bone metabolism, and survival in the
cell cycle were correlated to features of CSM including
susceptibility to, severity of symptoms, and clinical
progression of CSM (28). Other studies have noted that
genetic polymorphisms may be associated with increased
risk of DCM and can even affect postoperative outcomes
(28,29). The genes involved are primarily related to bone
pathophysiology pathways and include: osteopontin
(OPN), vitamin D receptor (VDR), bone morphogenetic
protein-4 (BMP-4), collagen IX tryptophan, apolipoprotein
E (APOE), hypoxia-inducible factor a (HIF-1a)
(30-37). Given the known importance of vitamin D in the
metabolism and development of bone, studies queried
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VDR’ role in CSM, finding that specific polymorphisms
related to disc degeneration and severity of disease on
magnetic resonance imaging (MRI) (31,32). Collagen IX
acts as a bridge between proteins in tissues, and specific
alleles of collagen IX (specifically Trp2) increased the risk
of CSM, similar to findings with BMP4 which induces
de novo cartilage formation and bone formation (33,34).
BMP4 was also found to be useful in the assessment of
postoperative outcomes (33). The specific allele APOE &4,
previously known to impact outcomes in other neurologic
disorders, has been implicated in increased likelihood of
development of DCM and was an independent predictor
of CSM occurrence in patients with SCC and outcomes
in operative management (29,35,36). HIF-1a expression
in the nucleus pulposus plays a critical role in the survival
of disc cells, with polymorphisms affecting susceptibility
to CSM and expression associated with clinical features in
affected patients (37). Ultimately, associations in specific
gene loci may lead to the availability of genetic testing
for the evaluation of DCM. In a 2021 study, MR T-2
hypersensitivity and CSS were determined risk factors for
rapid progressive CSM (38).

Epidemiology

Cervical stenosis appears to be common and is present
in 4.9% of the adult population, 6.8% of the 50-year-old
or older population, and 9% of the 70-year-old or older
population (1,39). The number of patients with CSM,
specifically, has increased due to the increase in the aging
population (12). Most patients with CSM are diagnosed in
their 50s, as it is uncommon to present before the age of
40 years (40).

Although DCM is the most common cause of spinal cord
injury in the developed world, the epidemiology of DCM
remains poorly characterized (1). In the Netherlands, the
prevalence of surgically treated CSM cases was reported
at 1.6 per 100,000 people, though the actual prevalence is
likely significantly higher (41-43). In a North American
study, the incidence and prevalence of DCM were estimated
at a minimum of 41 and 605 per million in North America,
respectively (43). In Taiwan, the incidence of CSM-related
hospitalizations was reported at 4.04/100,000 person-years
(1,43,44). Published studies also report that males are more
commonly affected than females. However, it is anticipated
that these are underestimated as they are based on operative
incidence and fail to account for underdiagnosis (1).
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Diagnosis

Incidental cervical SCC is a frequent finding in the age of
technological advancement. Individuals with asymptomatic
SCC tend to go undetected until they encounter an
unrelated health issue requiring an imaging modality,
reasserting the epidemiology of DCM is poorly understood,
partly due to undetected/asymptomatic individuals
(13,43). In a series of randomly selected volunteers aged
40-80 years, incidental cervical cord compression was
detected on MRI in 59% of individuals, yet only two
individuals reported related symptoms (40).

The preliminary diagnosis of a patient with spinal
stenosis often begins with a detailed history of symptoms
and physical exam, focusing on sensation, motor strength,
reflexes, and gait. Confirmatory diagnoses can be made
with X-ray, CT, or MRI imaging modalities, but there
is drastic variability in these techniques and they each
have their own strengths and limitations (20,45,46). Plain
radiographs are of limited value although it provides an
exceptional contrast between the vertebrae and surrounding
structures. Plain radiographs also permit various patient
positionings, allowing evaluation of spinal alignment and
instability under physiological conditions. Similar to plain
radiographs, CT offers an exceptional visualization of bony
structures with an even greater level of detail. CT can be
especially useful in distinguishing bony sources of compression
le.g., ossified disc herniations, osteophytes, ossification of the
posterior longitudinal ligament (OPLL)] (47). Furthermore,
CT myelography involving the use of contrast dye offers
a pristine view of spinal cord contour and potential
compressive surrounding structures. The limitation of
its use, however, is the significant exposure to ionizing
radiation and the restriction to supine positioning. MRI
is considered the gold standard to diagnose DCM as it
provides a detailed visualization of soft tissue structures
such as the spinal cord and surrounding structures
(4,47-49). MRI can detect the extent of pathologic changes
in the intervertebral disk, hypertrophy or buckling of the
ligamentum flavum, amount of decrease in spinal canal
diameter, severity of SCC, and abnormal signal intensity
of the intramedullary lesion (50). Researchers strongly
advise visiting a specialist if CSM, a subset of DCM, is
suspected as early intervention is paramount for a better
prognosis (4,51,52).

DCM frequently leads to severe neurologic disability,
but is still frequently underdiagnosed. One explanation
may be the variability of the symptoms presented by the
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patients, from paresthesia to quadriplegia, making it a
great masquerader (53). While currently available imaging
modalities can detect DCM in many cases, the sensitivity
could be improved with the recent advances of technology.
For instance, there is future promise for the use of
functional MRI (fMRI), MR spectroscopy, myelin imaging
and diffusion tensor imaging (DTI) techniques to detect
metabolic and microstructural abnormalities in patients
before conventional MRI can detect differences. Such
techniques may be more effective in predicting outcomes
(42,48,46,54,55). Banaszek et al. remarks, “DTI provides
quantitative information about the myelopathy severity that
could help select patients who would benefit most from
surgical decompression” (18). DTT has even been named as
a valuable diagnostic tool in identifying patients who may
benefit most from surgical interventions (56). Rajan ez al.
concurs and adds perfusion imaging and positron emission
tomography (PET) are additional promising techniques in
the diagnosis of DCM-all of these modalities precisely assess
the physical structure, biochemical composition, perfusion,
and intrinsic connectivity of the spinal cord, aiding in the
diagnosis of DCM (50). They further that MR spectroscopy,
which utilizes MRI to measure the concentration of
different chemical components within tissues, can aid in the
detection of DCM as studies have shown that individuals
with DCM have lower N-acetylaspartate/creatine ratio and
lactate peaks compared to age-matched controls (47,57-61).

Emerging research on the use of serum biomarkers and
T2-weighted MRI in the diagnosis and staging of DCM
has the potential to innovate the field of medicine. In 2019,
researchers published an article comparing the level of
microRNAs in OPLL patients’ plasma or serum to that of
normal and patients with intervertebral disc degeneration
to assess the accuracy of OPLL-specific microRNAs in
identifying OPLL (62). Experts found that miR-10a-
5p, miR-563, and miR-210-3p showed high accuracy
and significance in discerning OPLL from other groups
individually, however an index condensing these miRNAs
achieved the highest accuracy among these individual
miRNAs (62). The discovery of these OPLL- disease
specific microRNAs can possibly aid in early detection
of OPLL and with timely interventions halt progression
to DCM.

While serum biomarkers are an exciting new focus,
improvements in imaging technology, namely high-
resolution computed tomography (hrCT) have improved
identification of pathology in vivo (62). Despite being the
gold standard imaging technique used in diagnosis, hrCT
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use is limited clinically by concern for radiation exposure
and lower resolution when viewing soft tissue structures
compared to MRI. New quantitative magnetic resonance
imaging (QMRI) has the potential to allow physicians to view
specific properties of the spinal cord in DCM, including
microstructures (63). State of the art protocols leveraging
MRI technology have the potential to be transformative
in the assessment of DCM before development of severe
clinical symptomatology (64). Furthermore, in the imaging
space, T2-weighted MR imaging (T2WI) can act as a
biomarker detecting white matter injury (62-64). On MRI,
T2-hyperintensitivity is a nonspecific marker for spinal
cord injury, and demonstrates variability between patients
requiring normalization. MR "T2-hyperintensity was found
to be a risk factor in progression of CSM (38). T2WI was
found to provide strong diagnostic accuracy in identifying
subclinical white matter degeneration correlated with
features of DCM. Fine tuning of this tool for clinical use
may improve sensitivity in the diagnosis of cord injury in
DCM (63). Before these tools can be adopted clinically,
more work is required to fine tune protocols and more
prospective, randomized, group studies with long term
follow-up are required to validate the implementation of

T2WIL

Presentation and progression

Cervical stenosis does not necessarily cause symptoms.
Cervical stenosis is a chronic condition that is generally well
compensated, however an acute traumatic event can trigger
the onset of neurological deficits (65). These deficits may be
due to radiculopathy, defined as the compression of a nerve
root or myelopathy, compression of the spinal cord and even
then, presentation is contingent on the levels of spinal cord
that are impinged (12,14). Lannon & Kachur report that no
pathognomonic sign exists for DCM, thus, clinicians must
be knowledgeable on the array of manifestations associated
with this disease process (66). Marie-Hardy & Pascal-
Moussellard further state that the severity of symptoms can
greatly differ from one person to the next, earning it the
title “the great masquerader” (53). Interestingly enough
some patients may not experience neurological impairment
at all despite SCC (50).

Though patients with DCM have heterogeneous
presentations, the typical signs and symptoms include
pain in the neck or back, ataxia, abnormal gait, lack of
coordination, muscle weakness, rhythmic muscle spasms,
stiff muscles, muscular atrophy, reduced sensation,
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bladder dysfunction and paresthesia in the extremities
(17,40). Most patients’ symptoms worsen over the years;
however, deterioration can occur rapidly and is sometimes
irreversible (67). Generally, the neurological examination
of patients with DCM appears either normal or with
minor abnormalities such as brisk deep tendon reflexes,
extensor plantar response, positive Romberg’s sign, positive
Hoffman’s sign, Babinski reflexes, and hyperactive reflexes,
including clonus (68-70). In addition, there may be
decreased and painful range of motion, Lhermitte sign, and
upper motor neuron reflexes (70,71). The manifestations
of this disease are localized to pathology within the
spinothalamic and corticospinal tracts as they are impacted
first due to their location in the lateral aspect of the spinal
cord (70-72).

The progression of DCM can be monitored with
advanced imaging modalities and self-report assessments
evaluating functionality. gMRI is capable of detecting
features characteristic of DCM including microstructural
processes including tissue changes, axonal injury,
demyelination, and atrophy (73). The modified Japanese
Orthopaedic Association (m-JOA) scale is a self-report
tool used to assess neurological function in patients with
cervical myelopathy and includes the following categories:
upper and lower extremity motor function, upper extremity
sensory function and sphincter function. Patients can then
be stratified into mild, moderate, and severe disease based
on their mJOA score with higher scores denoting greater
neurological function (74). As the disease progresses,
patients’ m-JOA scores decline denoting neurological
deterioration (75).

The natural course of DCM is one of progressive
functional neurological decline and surgery is often
recommended for patients with moderate and severe
disease. For mild cases, surgery is not necessarily required,
clinicians must exercise their clinical judgment and assess
patients on a case-by-case basis, considering the various
factors that influence the disease course. Factors such as
medical comorbidities, level of inflammatory markers,
congenital and genetic conditions, neurophysiological
states, mJOA scores, and duration of symptoms should be
assessed for each individual patient as these factors influence
the decision to opt into surgical or nonsurgical treatment
options (76).

Treatment

The criteria for surgical intervention vary amongst surgeons,
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but the general threshold consists of severe compression of
the spinal cord, progressive signs of neurological impact, or
a diagnosis of CM for >6 months (8,77). Prior to pursuing
surgical intervention in patients with minor, nonprogressive
symptoms or when considering patients who are not
suited for surgical options, conservative measures may be
implemented and evaluated for efficacy. These measures
include immobilization with a cervical collar, physical
therapy, analgesics, and anti-inflammatories (78). Despite
the widespread use of anti-inflammatory agents, a
retrospective cohort study conducted in 2021 found that
there is an overall increased odds of surgery after cervical
injections (79). Historically, conservative treatment has
not been recognized as a feasible approach for prevention
of chronic disease progression or complete symptom
relief (80). Zarate-Kalfopulos e /. and Gulati ez al., remark
that early surgical management is vital in achieving better
neurological outcomes (81,82). Likewise, Choi & Kang
report that surgical management will not only suppress
progression, but also improve quality of life (52). The
decision to pursue surgical treatment, however, does depend
on a variety of factors including severity of symptoms,
etiology of symptoms, comorbidities, compression ratio of
the cervical spinal cord and surgical options (8,52,53,83).
Kadartika et 4/. described in a 10-year retrospective study that
there was no significant difference in outcomes for patients
treated conservatively versus surgically for mild to moderate
spondylotic cervical myelopathy (CSM) (6,84). Conversely,
other studies have demonstrated that surgical intervention
yields superior outcomes when compared to conservative
intervention for improvement of functional outcomes (4,5).
Similarly, it has been described that the majority of patients
undergoing conservative measures showed worsening in the
ability to undergo their daily activities, without any evidence
of halted progression, and increased risk of hospitalization
(85,86). It is important to consider, however, that spinal
surgery comes with significant risk including infection, non-
fusion, and reoperation (8,77,78). In addition, the point
of irreparable damage to the spinal cord can be reached in
severe cases; in such situations, surgery is done to arrest
the progression, but may not improve functionality (87).
Fehlings er al. composed a clinical guideline practice to
determine appropriate interventions for patients with
DCM. For patients with moderate and severe DCM,
surgical interventions are recommended. In contrast,
patients with mild DCM are recommended for surgical
intervention or supervised rehabilitation services. In the
event neurological function deteriorates while pursuing a
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nonsurgical approach, surgical intervention is recommended
(8,77). It can be argued that conservative treatments such
as cervical collar, muscle relaxers and analgesics should
be offered to patients with mild DCM, before surgery
is indicated. In progressive cases, however, pain and an
intramedullary signal change on MRI make surgery more
salient. Nonetheless, these factors should not be analyzed
in a vacuum, they should be considered a conglomerate of a
patient’s story (88).

The goal of surgical intervention is to achieve
decompression of the spinal cord and to prevent
progression (6,53). Conventionally, there are 3 approaches
to decompression of the spinal cord: anterior, posterior, and
combined. Selection of approach depends on the disease
state (i.e., number of involved spinal levels), nature of the
underlying disease, surgeon specific preference, and patient
specific factors (i.e., surgical history) (6,20,89). Farrokhi
et al. recently devised a stepwise approach considering
patient characteristics such as sagittal balance, number of
levels affected, age, etc. to select the most optimal surgery
for patients with CSM (90). However, a body of evidence
has been generated over the past two decades comparing
anterior to posterior approaches, without naming either as a
definitively superior as a standard of care (7,8,14,69,91-94).

Anterior approaches including anterior cervical
discectomy with fusion (ACDF) and anterior
decompression with fusion (ADF) have been considered
the “gold standard” for many years and is one of the
most frequent spinal surgeries performed in the U.S (95).
Such anterior approaches can be contrasted with cervical
laminoplasty (LAMP), cervical laminectomy, and posterior
decompression with fusion (PDF). Anterior approaches
are specifically useful in cases of significant kyphosis and
OPLL (4). The traditional ACDF procedure consists
of generating a wide anterior exposure to allow for
decompression. A widely accepted technique for performing
ACDF follows the Smith-Robinson anterior cervical
approach to ensure proper exposure and verification of
the appropriate vertebral levels (96). Historically, ACDF
is associated with more technical difficulty as compared
to LAMP. As such, there are drawbacks to ACDF,
including the concern for long operative time, respiratory
complications, loss of mobility, and dysphagia (97-99).
Dysphagia is a particular concern in the early postoperative
period for ACDF patients, but can persist. There has
been investigation into the etiological factors of dysphagia
to attempt to decrease the prevalence, with limited
success (100). To prevent complications seen in anterior
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surgeries, a retrospective case study conducted in 2017
attempted to identify modifiable preoperative risk factors
but concluded that awareness, early recognition, and
appropriate management were of great importance in
mitigating complications (97).

In contrast, LAMP is used to provide posterior
decompression to the spinal cord in DCM. It was proposed
in the early 1970 by Japanese surgeons to treat OPLL and
congenital cervical stenosis (95,101,102). The procedure
involves the incision of the skin and division of the nuchal
ligament followed by a removal of the spinous process, with
preservation of surrounding architecture. While the goals
of LAMP and ACDF are similar: to decompress the spinal
cord, they differ in that LAMP generally better preserves
motion and ACDF creates fusion (85). A 2015 systematic
review found that patients with moderate and severe CSM
may benefit from either a LAMP or laminectomy and
fusion approach opposed to anterior approaches (103).
Common concerns for postoperative complications with
LAMP include C5 palsy and axial neck pain.

The combined approach combines the LAMP or
laminectomy with ACDF or anterior cervical corpectomy
fusion (ACCF) approaches. The technique is used to
resect both ventral and dorsal compressions directly in
one operation to provide decompression bidirectionally.
Theoretically this procedure may be most effective for
severe cases of multilevel DCM, but is associated with
higher risk of complication (53). This approach is also
associated with a high technical level of skill compared
to simpler traditional approaches and is reserved for
severe cases (1). An alternative hybrid surgical approach
makes use of both ACDF and cervical disc arthroplasty
(CDA) to preserve segmental motion and prevent adjacent
degeneration. While this approach also shows theoretical
promise in multilevel cervical disc degeneration, further
investigation is required to verify the generalizability of the
results (3,104,105).

Despite the lack thereof clarity on the standard of care for
DCM, surgical intervention is widely employed and varies
between surgeons, institutions, and regions. While specific
patient metrics including findings of radiological studies,
physiological curvature of the cervical spine, and number
of levels involved can be used to direct the selection of one
procedure over the other, often times surgeon preference
plays a large role in technique selection (14,53,106). To
improve surgical outcomes in patients with DCM, Jannelli
et al. developed an approach incorporating the clinical,
radiological, and electrophysiological components of

© Journal of Spine Surgery. All rights reserved.

321

each patient’s disease process to predict those more likely
to benefit (this approach is also said to diagnose DCM
early) (107). Generally, younger, nonsmoking patients
with fewer comorbidities and milder preoperative
myelopathy tend to see sooner and superior outcomes
following treatment (78,85,108,109). Despite this trend,
a retrospective study found that after controlling for
comorbidities and demographics, compared with patients
60-69 and 70-79 with CSM, octogenarian patients with
CSM did not have different surgical outcomes (110).
Likewise, Madhavan et a/. in 2016 and Zhang ez 4l. in 2017
report that despite the higher risks involved in operating
on older patients, there is no difference in the incidence of
postoperative complications compared to younger patients
(111-113), while Wilson et /. demonstrates that frailty
has a greater effect size and a higher discriminative value
to predict complication than age alone (114). Lastly, a
2021 research study found that patients who are ApoE4"
displayed poorer progress after decompression surgery,
reinforcing individual characteristics influence surgical
outcomes (115).

The future of DCM treatment is quite promising.
Researchers are evaluating the use of pharmacological
agents as adjuncts to surgical interventions. In 2012,
researchers conducted a multicenter, double-blind, placebo-
controlled, randomized trial to investigate the effects of
riluzole, a glutamate antagonist, on patients with DCM
undergoing decompression surgery. Although riluzole had
no impact on m-JOA scores, it was found to substantially
reduce neck pain 6 and 12 months post-decompression
surgery compared to the placebo (64,116). The results of
this study may have profound implications for treatment
and management of DCM and can potentially spark the
emergence of similar studies.

Conclusions

DCM is a multifactorial disease that has the potential to
impair neurological function and cause significant paralysis.
Although the multiple facets of this disease have not been
fully elucidated, there have been significant breakthroughs
in understanding the mechanisms involved in this disease
process. The use of complex imaging modalities, genetic
sequencing, biomarkers, and pharmacological agents
has provided the necessary insight to cultivate better
approaches for diagnosis and treatment of DCM in addition
to understanding the factors involved in the progression
of DCM. To address the discrepancies of postoperative
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surgical outcomes between patients, researchers have
developed standardized approaches to predict postoperative
outcomes based on individual preoperative characteristics.
DCM is an active area of research, and the technological
advancements that have been fundamental in understanding
the structural and biochemical mechanisms involved in its
onset, progression, treatment, and postoperative outcomes
may significantly enhance patient outcomes.
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