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What is degenerative cervical myelopathy (DCM)?

DCM, or cervical spondylotic myelopathy, is a condition 
resulting from chronic compression of the spinal cord in 
the cervical spine. Patient presentation may vary, though 
symptoms typically include gait disturbance, balance and 
coordination issues, hyperreflexia, and/or loss of finger 

dexterity. Additionally, DCM can manifest with autonomic 
symptoms such as bowel or bladder dysfunction. These 
patients commonly have neck pain, stiffness, and may have 
concomitant cervical radiculopathy affecting one or more 
nerve distributions (1).

Degeneration in the cervical spine is quite common 
in patients older than 50 years old. However, only a 
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small portion of these patients will exhibit symptoms 
of DCM (2,3). A number of studies have shown that a 
disproportionate number of patients with DCM have some 
form of preexisting spinal canal narrowing or congenital 
stenosis of the cervical spine which may predispose them 
to developing DCM (4-7). These studies typically defined 
congenital stenosis as a canal sagittal diameter of <13 mm. 

DCM is generally considered a progressive disease, 
with patients exhibiting a stepwise decline in function (7). 
However, the rate at which DCM progresses can vary 
widely from patient to patient. This variability in clinical 
course can make both the diagnosis and management of 
DCM challenging for providers (8). Furthermore, the exact 
impact of surgical intervention timing on the natural history 
of the DCM is an area of ongoing research (9).

Pathophysiology of DCM 

The pathophysiology of DCM is related to both heritable 
and environmental contributions (6). Degenerative changes 
in the cervical spine occurring as a result of aging and 
repetitive stress cause structural changes in both the bone 
and soft tissues surrounding the spinal cord. Anteriorly, disc 
degeneration and herniation, hypertrophy or ossification 
of the posterior longitudinal ligament, and uncovertebral 
osteophyte formation can contribute to stenosis. Posteriorly, 
hypertrophy or infolding of the ligamentum flavum, as well 
as degeneration of the facet joints, further reduces space 
available for the spinal cord. Dynamic compression from 
pathologic movement or instability of the cervical spine 
may compound these static changes. Figure 1 demonstrates 
the most common etiologies of spinal cord compression  
in DCM. 

Sources of mechanical compression on the cervical 
spine create microvascular compromise in the spinal cord 
resulting in ischemia and inflammation, ultimately leading 
to demyelination, axonal degeneration, and neuronal 
degradation (1). Ischemia is supported by the literature as 
a major underlying pathologic process in DCM (11-13). 
One cell type that is particularly sensitive to ischemic injury 
is the oligodendrocyte which is primarily responsible for 
insulating axons with myelin sheaths (14). Based on human 
and animal studies, oligodendroglial apoptotic death related 
to ischemia is seen in the same location as demyelinated 
axons (15,16). Based on oligodendrocytes known role in 
insulating axons and maintaining axonal integrity, it follows 
that axonal demyelination and ultimate destruction in the 
setting of ischemia may be preceded by apoptosis of the 

surrounding oligodendrocytes (15,16). The progressive 
apoptotic loss of neuroglial cells and subsequent axonal 
degeneration is expressed as the progressive neurological 
deficits seen clinically with DCM (17).

Epidemiology

The true incidence of DCM is not well-defined given its 
relative diagnostic complexity, but is the most common 
cause of spinal cord dysfunction in those greater than  
50 years old (8,18,19). The prevalence of operatively-
treated DCM is estimated to be 1.6 per 100,000, though 
this number likely greatly underestimates the actual 
prevalence of DCM in the general population (20). DCM is 
more prevalent in males than females, and patients are most 
commonly initially diagnosed in their 50s (18). DCM is 
an increasingly important clinical consideration given that 
its incidence is projected to increase dramatically with the 
aging population (21,22).

How is DCM diagnosed?

Clinical evaluation

DCM is a clinical diagnosis that requires careful correlation 
between patients’ history, physical examination, and 
imaging. The presenting symptoms of DCM are often quite 
subtle and there is considerable variability in symptoms 
between patients. Additionally, DCM’s symptoms often 
overlap with other neurological conditions leading to 
potential misdiagnosis. Specifically, one previous report 
showed that a significant portion of patients with DCM 
associated hand numbness were initially misdiagnosed in 
the community with carpal tunnel syndrome (23). Other 
disorders with which DCM can easily be confused are 
multiple sclerosis, intracranial pathology, normal pressure 
hydrocephalus, vitamin B12 deficiency, and amyotrophic 
lateral sclerosis (24). To make matters more difficult, there 
are no universal criteria for diagnosis of DCM (25,26).

In the upper extremity, patients often present with loss 
of dexterity and coordination in the hands. In the lower 
extremities, patients commonly experience gait and/or 
balance disturbances (27). Additionally, DCM can manifest 
with autonomic symptoms such as bowel or bladder 
incontinence, retention, or erectile dysfunction (27).  
Clinicians must be able to distinguish between cervical 
radicular pain and myelopathic features, which can often 
coexist (27). Furthermore, some patients may present 
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with atypical symptoms of DCM including blurred vision, 
headache, nausea, palpitation, tinnitus, vertigo, hypomnesia, 
and abdominal discomfort (28,29).

There are multiple physical exam findings described 
as associated with DCM. A systematic review evaluated 
each of these physical exam tests based on their diagnostic 
accuracy and found that the most sensitive tests were the 
inverted brachioradialis sign (61%), hyperreflexic patellar 
tendon reflex (56%), and Hoffmann’s sign (44%). The most 
specific signs were sustained clonus (92%) and Babinski sign 
(96%) (30). One recent study found a diagnostic specificity 

of 94–99% in patients who exhibited 3 of 5 of the following 
clinical indicators: gait deviation, positive Hoffmann’s test, 
inverted supinator sign, positive Babinski test, and age  
>45 years. In those with ≤1 of these symptoms, the likelihood 
of DCM is low with a negative likelihood ratio of 0.18 (31).  
Importantly, many patients do not present with all or 
any of these physical exam findings, with up to 20% of 
myelopathic patients not exhibiting any of these discrete 
exam findings (32).

Several patient reported outcomes have been created to 
grade and monitor the severity and progression of DCM. 
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Figure 1 Illustration of different etiologies of degenerative cervical myelopathy. This illustration is reprinted with permission from the Yale 
Journal of Biology and Medicine (10). Medical illustration by Diana Kryski. PLL, posterior longitudinal ligament; CSF, cerebrospinal fluid.
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The most commonly used outcomes are the Japanese 
Orthopaedic Association (JOA) and modified JOA (mJOA) 
scoring systems (33). This classification system classifies 
patients as mild (mJOA 15–17), moderate (mJOA 12–14), 
or severe (mJOA 0–11). In brief, more severe upper and 
lower extremity sensory and motor deficits and bladder 
dysfunction lead to more severe disease classification. The 
inter-reader variability of the mJOA score is reported as 
good in the literature, though it is important to remember 
that these measurements are imperfect and standardizing 
the clinical assessment of DCM remains difficult (34).

Another major classification system for DCM is the 
Nurick grading system, which aims to correlate degree 
of cord compression to symptom severity (35,36). Nurick 
grades span from 0 to 6, with 0 indicating clinical evidence 
of root involvement but no evidence of spinal cord 
compression, and 5 indicating that the patient is bedridden. 
The Nurick scale is more lower extremity focused and 
has been found less sensitive than mJOA (37). One recent 
study endorses the use of the National Institutes of Health 
(NIH) Toolbox as a sensitive and quantitative evaluation 
tool for DCM (38,39). The NIH Toolbox includes objective 
measure of motor, sensory, cognitive, and emotional 

dysfunction including physical tests instead of questions 
on a questionnaire. Finally, there are numerous additional 
commonly used measures including but not limited to the 
Prolo Scale and Neck Disability Index, the details of which 
may be outside the scope of the current article (40,41).

Imaging evaluation

Magnetic resonance imaging (MRI) is the gold standard 
imaging modality as part of the diagnosis of DCM. 
MRI directly visualizes the degree of stenosis and cord 
compression and can display intramedullary spinal cord 
signal change (42). Examples of MRI findings in mild and 
severe DCM are provided in Figures 2,3, respectively. There 
are many advanced MRI techniques which can be employed 
to evaluate the specific microstructural features of DCM 
including diffusion tensor imaging (DTI), magnetization 
transfer (MT), myelin water fraction (MWF), and magnetic 
resonance spectroscopy (MRS) (43,44). Additionally, 
functional MRI may add to our understanding of the 
upstream functional effects of DCM in the brain (45). With 
the exception of DTI, data supporting widespread routine 
use of these metrics is somewhat limited to date. However, 

A B

Figure 2 An example of clinically mild degenerative cervical myelopathy in a 58-year-old woman manifested by neck pain, headaches, and 
intermittent bilateral arm pain and numbness. (A) A sagittal T2-weighted magnetic resonance image demonstrating multilevel cervical 
spondylosis with disc-osteophyte complex-associated spinal stenosis at C4–7 (*) with corresponding spinal cord signal change in the form of 
signal hyperintensity (arrow); (B) an axial T2-weighted slice at the C6 level demonstrating cord compression and mild signal change (arrow).
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they may be a promising step towards earlier diagnosis 
of DCM pending further study (44,46). DTI has been 
shown to reliably distinguish between Nurick grades in a 
prospective study (47). Asymptomatic cord compression 
on imaging is prevalent in the general population (48-50), 
and it is important to remember that both MRI evidence of 
central stenosis and the presence of neurologic symptoms 
consistent with myelopathy must be present in order to 
make a diagnosis of DCM. Patients with imaging findings 
of central stenosis without clinical symptoms should 
be educated to remain vigilant for the development of 
myelopathic symptoms.

How is DCM treated?

The decision between nonoperative and operative 
management is typically based on the severity of disease 
and evidence of disease progression. In cases of moderate 
to severe DCM, surgical intervention is recommended. In 
cases of mild DCM, it is reasonable to offer patients a choice 
between surgical intervention and a trial of rehabilitation 
under close surveillance. If there is evidence of neurologic 
deterioration during a trial of conservative treatment, 

the patient should undergo decompressive surgery (51). 
Incidental imaging findings of cord compression in the 
absence of clinical symptoms of DCM are not an indication 
for surgery (22). Surgical management of DCM involves 
decompression of the involved spinal levels which can be 
achieved by several different surgical techniques from either 
an anterior or posterior approach to the cervical spine. Both 
anterior and posterior approaches to cervical decompression 
have been validated as efficacious, but the specific technique 
and approach used may depend on patient factors, surgeon 
preference, number of levels involved and sagittal alignment 
of the cervical spine (52).

How does surgical timing affect outcomes?

Several high-quality studies have shown that surgical 
decompression is an effective treatment method for DCM 
(53-56). Specifically, the goal of surgical treatment is to halt 
disease progression. Typically decompressive surgery also 
leads to improved function, pain, and quality of life (53-56). 
However, the effect of surgical timing on surgical efficacy is 
less clear. Previous literature has defined timing of operative 
intervention in two primary ways: (I) duration of patients’ 

A B

Figure 3 An example of clinically severe degenerative cervical myelopathy in a 59-year-old woman manifested by neck pain, severe bilateral 
arm pain and numbness, loss of hand dexterity, and balance issues. (A) Sagittal T2-weighted magnetic resonance image demonstrating 
multilevel degenerative cervical spondylosis (*) on congenital stenosis with significant signal change in the spinal cord most prominently at 
C3–4 and C4–5 (arrows). (B) An axial T2-weighted slice at the C3–4 disc level demonstrating severe cord compression and signal change 
(arrow).
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symptoms and (II) disease severity based on JOA, mJOA, or 
other DCM scores. 

When examining outcomes based on duration of 
symptoms, the literature is inconclusive. Several studies have 
concluded that all patients can expect to see symptomatic 
and neurological improvements based on postoperative 
JOA and mJOA scores irrespective of symptom duration 
(57-60). These articles are contradicted by other large 
multicenter studies and national registry data which have 
concluded that, although patients can expect to benefit from 
surgery, those who have more longstanding symptoms may 
experience a greater degree of residual disability (61-63). 
The odds of achieving an mJOA score >16 decreased by 
22% in a stepwise fashion from shorter to longer symptom 
duration, with durations of symptoms stratified as <3, 3–6, 
7–12, 13–24, and >24 months (62).

When defining intervention timing by disease severity 
scores, the literature is more unanimous that patients with 
greater severity of disease have a lower chance of returning 
to normal functional and neurological status (53,62,64,65). 
Patients with severe myelopathy (<12 mJOA scores) 
achieved the greatest improvement in score from baseline 
after surgery, but still achieved a postoperative mJOA 
score that was lower than those who started with mJOA 
scores ≥15 (53). The chances of achieving an mJOA >16 at  
1 year postoperatively increased by 22% for every one point 
increase in preoperative mJOA score, indicating that those 
with more mild disease had superior absolute outcomes (62). 
Another study specifically found that patients with very 
severe (mJOA <8) or severe DCM (mJOA 9–11) improved 
from preoperative status, but had significant residual 
disability (65).

The heterogeneity in conclusions based on how timing 
of surgery is defined may, in part, be due to the significant 
variability in the timeline of disease progression. Indeed, 
several high quality studies have found no correlation 
between a patient’s disease severity based on JOA or 
mJOA scores and the duration of their symptoms (61,66). 
The authors therefore feel that disease severity based 
on JOA or mJOA score may be a more reproducible and 
less confounded way to quantify surgical timing given 
the variability in disease progression between patients. 
Additionally, the degree of spinal cord injury on MRI 
may also lend insight into disease severity and can impact 
surgical decision making. Several studies have found high 
intensity signal within the spinal cord on MRI to be a 
predictor of worse neurologic outcomes after surgical 
intervention (66-68).

There does remain a subset of patients who have some 
form of transient neurologic decline post decompression, 
and one mechanism posited to be responsible is ischemia-
reperfusion injury (IRI) (69). One animal study performed 
by Vidal et al. investigated the effects of early versus delayed 
intervention on DCM on neurological outcomes and 
examined the inflammatory response to decompression in 
each study group, which is thought to be the underlying 
mechanism for IRI (70). Interestingly, they found that the 
rats with delayed intervention had a more prolonged period 
of increased cytokine response, astroglial apoptosis, and 
inflammatory monocytes and this correlated with lack of 
neurological improvement when compared to the early 
intervention group (70).

Overall, the literature suggests that early surgical 
intervention is essential to minimizing long-term disability 
and maximizing quality of life. Regardless of the metric 
used for surgical timing, patients with symptomatic and 
worsening DCM benefit from surgical decompression and 
can expect a halt in disease progression and at least some 
meaningful functional improvement. 

Limitations

The present article is not intended as a systematic review 
or meta-analysis of all studies to date, but rather to present 
a concise and meaningful guide for identifying, diagnosing, 
and managing DCM, with a special focus on the importance 
of intervention timing. The article is aimed at a full range 
of readers, from general practitioners to the practicing spine 
surgeon. No novel data is presented in the current article.

Conclusions

	 DCM is an important consideration in patients over 
50 with progressive neurological symptoms including, 
but not limited to, gait and/or balance disturbances, 
loss of hand dexterity, and neck stiffness and pain. 

	 Patients with suspected DCM based on history, 
physical exam, and/or MRI findings should be referred 
to a spine specialist promptly. 

	 Early surgical intervention is essential to limit long-
term functional disability and maximize quality of life 
in patients with DCM.

	 Patients with symptomatic and worsening DCM 
benefit from surgical decompression and can expect 
a halt in disease progression and at least some 
meaningful improvement in neurologic function. 
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