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�Introduction

Cervical spondylotic myelopathy (CSM) is the 
result of progressive degenerative narrowing of 
the spinal canal causing spinal cord compression. 
The pathophysiology of CSM involves both pri-
mary mechanical and secondary biological injury 
to the spinal cord. Primary mechanical spinal 

cord injury is frequently caused by a combination 
of disc degeneration, facet hypertrophy, and liga-
mentum flavum thickening. This results in com-
pressive, distracting, or shear forces on the spinal 
cord. Secondary biological injury is multifacto-
rial and involves elements of glutamate-related 
toxicity, cell injury from free radicals, apoptosis, 
or spinal cord ischemia [5]. While surgery is able 
to relieve primary mechanical compression of the 
spinal cord, it does not directly treat secondary 
biological injury. As the inherent recuperative 
capacity of the spinal cord is unpredictable, neu-
rological recovery should never be guaranteed to 
patients considering surgery  – although this is 
commonly the case.

The prevalence of CSM is estimated at 604 
per million in North America, with 16 per mil-
lion requiring surgery [3, 17]. Although over 
half of all middle-age people have radiographic 
evidence of cervical spondylosis, only 10% 
have myelopathic or radicular symptoms [13]. 
Furthermore, for patients with cervical spondy-
lotic myelopathy, approximately 20% to 60% 
will deteriorate neurologically overtime with-
out surgery [12]. In order to prevent this dete-
rioration and irreversible neurological injury, 
some surgeons offer decompression surgery to 
all patients with radiographic evidence of cervi-
cal spinal cord compression, regardless of 
symptom severity. However, a small but signifi-
cant risk of neurological injury or other compli-
cations exists with any surgical intervention. 
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Pitfalls/Pearls
•	 Asymptomatic and mild cervical spon-

dylotic myelopathy patients can be 
treated with nonoperative therapy.

•	 Surgical decompression should be 
offered in cases of progressive, moder-
ate, or severe cervical spondylotic 
myelopathy or in those who have failed 
nonoperative treatment.

•	 Surgical decision-making requires care-
ful consideration in elderly, chronically 
ill, or mildly symptomatic patients.
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Based on data [2] from the National Inpatient 
Sample of CSM patients undergoing surgery 
from 1993 to 2002, the postoperative complica-
tion rate was 13.4%. A single postoperative 
complication led to a 4-day increase in mean 
length of hospital stay, increased the mortality 
rate twofold, and added more than $10,000 to 
hospital charges. Patients aged 65–84 years had 
8- and 14-fold increases in complications and 
mortality, respectively, compared to patients 
less than 64 years of age.

Despite a high prevalence of this disease and 
different surgical treatment options, there remains 
a lack of universally accepted guidelines regard-
ing the timing of operative intervention for 
patients with CSM. This chapter aims to provide 
evidence-based recommendations to determine 
the need and timing for surgical decompression 
in patients with cervical spondylotic myelopathy 
(Table 12.1).

�Assessment and Treatment

�Evaluation

�History and Physical Examination
Each patient with suspected cervical spondylotic 
myelopathy should have a detailed history and 
physical exam. Signs and symptoms of myelopa-
thy may be subtle, including changes in axial bal-
ance, dysfunctional bladder control, decreased 
dexterity, distorted proprioception, or abnormal 
gait. The interviewer should explore risk factors 
that may accelerate the degenerative processes of 
cervical spondylosis, including occupational or 
lifestyle hazards (carrying objects on the head or 
contact sports), as well as associated comorbidi-
ties, such as Down syndrome, rheumatoid arthri-
tis, or Klippel-Feil syndrome. Additionally, 
patient lifestyle may have an impact on whether 
patients considered “on the bubble” for surgery 

Table 12.1  CSM clinical presentation, radiographic findings, and treatment plan

Presentation Imaging
Clinical 
grades Initial treatment

Follow-up or 
treatment

Asymptomatic 
spondylosis

No symptoms of 
myelopathy, may 
have radiculopathy
Neck pain common

Spinal canal 
narrowing with 
spinal cord 
effacement or 
compression

Nurick 
grade 0
mJOA 
score 18

Observation
Physical therapy

3–6 months

Mild 
spondylotic 
myelopathy

Mild symptoms, 
frequently upper 
extremity 
predominant

Spinal cord 
effacement or 
compression; 
commonly no MRI 
signal abnormality in 
cord

Nurick 
grade 0–1
mJOA 
score 
15–17

Physical therapy, 
dangerous behavior 
avoidance, external 
bracing

3 months

Moderate 
spondylotic 
myelopathy

Moderate symptoms, 
often diminished 
fine motor skills, 
may have mild to 
moderate gait 
abnormality

Spinal cord 
compression; 
frequently high T2, 
but not as often low 
T1 signal change in 
cord

Nurick 
grade 2–3
mJOA 
score 
12–14

Surgical 
decompression

1–2 months

Severe 
spondylotic 
myelopathy

Severe symptoms, 
often progressive, 
significant dexterity 
and gait dysfunction

Severe cord 
compression; high 
T2, low T1 signal 
change in cord

Nurick 
grade 4–5
mJOA 
score 0–11

Surgical 
decompression

2 weeks

(summary of diagnostic and treatment recommendations). The typical clinical presentation, radiographic findings, and 
clinical grades are described for patients with asymptomatic spondylosis, mild spondylotic myelopathy, moderate spon-
dylotic myelopathy, and severe spondylotic myelopathy. Recommendations for initial treatment and time to follow-up 
are also listed for each group of patients
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based on rather modest symptomatology would 
be more optimally treated with surgical interven-
tion. This could include individuals who engage 
in recreational or occupational high-impact activ-
ities, (e.g., surfing) or those with a history of fre-
quent falls.

A comprehensive physical examination is crit-
ically important and should focus on strength 
testing, evaluation of reflexes, and sensation. 
Objective clinical findings of myelopathy include 
increased deep tendon reflexes, positive patho-
logical reflexes, and sensory disturbances. 
Finally, consideration should be given to other 
etiologies of myelopathy, such as syringomyelia, 
trauma, amyotrophic lateral sclerosis, multiple 
sclerosis, progressive polyarthritis, congenital 
pathologies, or vitamin B12 deficiency.

The presence and severity of cervical myelop-
athy can be assessed with multiple quantitative 
scales, including Nurick grade, Japanese 
Orthopaedic Association score, modified 
Japanese Orthopaedic Association (mJOA) score, 
the short form-36, walking test, and grip and 
release test. We typically use the mJOA score, 
one of the most frequently used measurements, 
which utilizes a functional assessment scale in 
patients with CSM [14]. It cannot be stressed 
enough, however, that although quantitative 
scores may be used to evaluate patients and 
improve documentation, they should be consid-
ered adjunctive, and not the primary tool used in 
surgical decision-making.

�Radiographical Imaging
All patients with presumed cervical stenosis 
should have AP/lateral X-rays with dynamic 
flexion and extension views, as well as MRI of 
the cervical spine. X-ray imaging is important to 
visualize bony anatomy, evaluate cervical stabil-
ity, assess cervical alignment, and accurately 
localize spinal levels. CT scans are helpful in 
diagnosing lesions that are poorly evaluated with 
MRI such as ossification of the posterior longitu-
dinal ligament or calcified intervertebral discs. 
However, MRI is the most useful imaging 

modality overall, as it provides a detailed visual-
ization of soft tissue anatomy and high-resolu-
tion imaging of the spinal cord macrostructure. It 
is believed that an anteroposterior compression 
ratio (anterior-posterior cord diameter divided 
by the transverse cord diameter) of less than 
40%, a reduction in the size of the spinal cord by 
30%, or a transverse area less than 60 sq mm are 
likely to result in myelopathic symptoms [8, 18]. 
Many surgeons also use an AP diameter cutoff of 
7 mm to assess for potential cervical cord com-
pression. In 2009, the Joint Section on Disorders 
of the Spine and Peripheral Nerves of the 
American Association of Neurological Surgeons 
published Guidelines for the Surgical 
Management of Cervical Degenerative Disease, 
which concluded that multilevel T2 hyperinten-
sity, T1 focal hypointensity combined with T2 
focal hyperintensity, and spinal cord atrophy 
were all associated with poor prognosis after 
surgery [16]. Some believe that areas of increased 
T2-weighted signal change represent edema, 
gliosis, ischemia, and potentially reversible 
change, whereas corresponding areas of T1 
hypointensity have been correlated histopatho-
logically with late stages of myelomalacia or 
cystic necrosis and, thus, represent irreversible 
spinal cord injury [19].

�Electrophysiological Testing
Some surgeons report that electrophysiological 
testing before and after surgery can aid in preop-
erative diagnosis, assist with disease monitoring, 
and provide accurate prognostic information [9]. 
However, we do not advocate routine electro-
physiological testing. Yet in cases when distin-
guishing myelopathy from radiculopathy is 
challenging (or when myelopathy and radicu-
lopathy coexist), then electrophysiological test-
ing should be considered. Of note, this type of 
testing is distinct from intraoperative electro-
physiological monitoring that alerts the surgeon 
to intraoperative neurophysiological changes, 
although it’s overall intraoperative utility remains 
controversial.

12  Timing of Operative Intervention
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At present, no radiographic, serologic, or elec-
trophysiological sign is regularly used clinically 
for predicting functional impairment due to 
CSM. Recent research has pointed to advanced 
imaging techniques, such as diffusion tensor 
imaging, as potentially showing promising 
results which may be useful in the future [6]. 
Until a reliable and reproducible biomarker is 
discovered, determination of when to offer sur-
gery to patients with CSM requires integrating 
physical exam findings, imaging results, and 
careful analysis of the patient’s history. Patients 
should then be stratified into asymptomatic, mild, 
moderate, and severe categories, which will be 
reviewed here.

�Non-myelopathic Spondylosis

Non-myelopathic spondylosis refers to patients 
without symptoms of myelopathy but with imag-
ing evidence of cord compression (Fig.  12.1). 
The diagnosis of cervical spondylosis in this 
patient population is often made incidentally 

after imaging has been obtained for other reasons 
such as neck pain or trauma.

Cervical spondylosis is an expected conse-
quence of aging, with an incidence of 10% at age 
25 and 95% by the age of 65 [22]. Senior citizens 
are the fastest-growing age group in the United 
States, and by the middle of this century, it is pre-
dicted that they will represent 23% of the popula-
tion [23]. Thus, asymptomatic cervical 
spondylosis is likely to be encountered with 
increasing frequency in the coming years.

Non-myelopathic spondylosis patients can be 
subdivided into those with and without radicu-
lopathy. The rationale for this distinction is that 
the presence of symptomatic radiculopathy, 
either clinical or electrophysiological, has been 
reported as a significant predictor of myelopathy 
development. Utilizing multivariate analysis, in a 
recent systematic review, Wilson et  al. deter-
mined that clinically symptomatic radiculopathy 
(p  =  0.007; moderate level evidence) and pro-
longed somatosensory (SEP) (p = 0.007; moder-
ate level evidence) and motor evoked potentials 
(MEP) (p = 0.033; moderate level evidence) were 

a b

Fig. 12.1  Asymptomatic spondylosis. A 38-year-old 
male with neck pain, found to have hyperreflexia but no 
weakness, sensory change, or gait abnormality (mJOA 
18). He was treated with physical therapy and has not 

required surgical intervention (mJOA 18). (a) CT cervical 
spine showing areas of osteophyte formation. (b) MRI 
cervical spine with mild spondylosis and ventral cord 
effacement without spinal cord signal change

A. M. Tucker et al.



133

significantly associated with early (≤1  year) 
myelopathic development [25]. Additionally, a 
diagnosis of radiculopathy was encountered in 
63% of patients that developed myelopathy 
within 1 year compared to only 23% that did not 
develop myelopathy. Expectedly, abnormal SEP 
and MEP were present in a much larger percent-
age of patients that developed myelopathy than 
those that did not. One of the most cited clinical 
studies in this patient population was performed 
by Bednarik et al., who longitudinally evaluated 
the clinical examination, EMG, and SEP in a 
group of 66 non-myelopathic patients with spinal 
cord compression [1]. Development of myelopa-
thy was defined by neurological examination and 
a decrease in mJOA score of 1 point or greater. 
Approximately 20% of the cohort developed 
CSM, and radiculopathy was encountered in 92% 
of those that developed CSM and 24% of those 
that did not (p  <  0.0001). EMG abnormalities 
were observed in 61% of those that developed 
CSM and 11% of those that did not (p < 0.01).

However, there is no evidenced-based consen-
sus to support prophylactic surgical decompres-
sion in asymptomatic patients with spinal cord 
compression. These patients should be informed 
about the signs and symptoms of myelopathy, the 
risks of progression, and observed clinically. In 
contrast, the treatment of non-myelopathic 
patients with spinal cord compression and radicu-
lopathy is more controversial. While there have 
been no published studies comparing operative to 
nonoperative treatment in this patient population, 
there is mounting evidence that the presence of 
radiculopathy is associated with the development 
of myelopathy [1]. Moreover, some of these 
patients will require surgery for significant radic-
ulopathy that is refractory to nonoperative ther-
apy. As such, surgery can be considered in this 
patient population, and consideration should be 
made to treat both the radiculopathy and the spi-
nal cord compression. These entities may be 
located at different spinal levels, and a multilevel 
procedure may be required, even if the radiculop-
athy originates from a single level. Nonoperative 
intervention consisting of close longitudinal fol-
low-up or a supervised trial of structured rehabili-
tation can also be offered and, in fact, may be the 

most appropriate initial option for the majority of 
these patients. However, if myelopathy develops 
during the course of nonoperative treatment, sur-
gical management should be entertained.

�Mild Spondylotic Myelopathy

Mild spondylotic myelopathy refers to patients 
with subtle or relatively minor myelopathic 
symptoms that may not be disabling in any one 
category but with objective radiographic or phys-
ical exam findings of spinal cord narrowing. 
These patients typically have a mJOA score of 
15–17. As with non-myelopathic patients with 
spinal cord compression and radiculopathy, con-
troversy remains regarding optimal treatment of 
patients with mild CSM due to a relative lack of 
high-level published data directly comparing 
operative to nonoperative treatment for this 
patient population. Kadanka et al. [10] performed 
a prospective study that included both mild and 
moderate CSM patients (n = 68) that were ran-
domized to either surgical (n = 33) or nonopera-
tive treatment (n  =  35). The patients were 
evaluated using the mJOA scale, a timed 10-meter 
walk, video assessment of daily activity perfor-
mance, and self-reported evaluation at standard-
ized time points over a 3-year period. There was 
no significant deterioration in the mJOA score in 
the two groups over the 3-year follow-up period. 
However, there was a significant difference in the 
time walk that favored the nonoperative group. 
Nonetheless, the mJOA score demonstrated no 
difference between groups. The authors con-
cluded that there was no significant difference 
between surgery and nonoperative therapy in the 
treatment of patients with mild to moderate 
CSM.  This initial cohort was subsequently fol-
lowed for a total of 10 years, and the results were 
reported in a separate publication [11]. Once 
again the authors did not find a significant dif-
ference between nonoperative and surgical 
intervention at the latter time point. However, it 
must be noted that the lack of improvement fol-
lowing surgical intervention in these two stud-
ies is contrary to the results from a number of 
other investigations [20].

12  Timing of Operative Intervention
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Although nonoperative management has been 
demonstrated to stabilize disease progression in 
some mildly affected CSM patients, the ability of 
this modality to effect neurological improvement 
is another matter. Based on the available litera-
ture, it appears as though neurological improve-
ment that reaches the minimal clinically 
important difference (MCID) may be possible in 
a cohort of nonoperatively treated patients with 
soft disc herniation and/or dynamic myelopathy 
[15]. Intuitively this makes sense as a soft disc 
herniation may resorb with immobilization, and 
cessation of movement is a well-known treatment 
of dynamic myelopathy. However, nonoperative 
treatment is less likely to induce neurological 
recovery that reaches the MCID in patients with 
severe static compression from spondylotic bars 
or ossified spinal elements. In contrast, surgery 
may result in neurological improvement in 
patients with a wide variety of pathophysiology 
and radiographic findings compared to 
immobilization alone. Results from the AOSpine 
North America prospective multicenter study 
have suggested that mildly affected CSM patients 
can achieve statistically significant improve-
ments in both the mJOA and Nurick scores 
despite the ceiling effect associated with these 
functional assessment tools [7].

Based on the aforementioned data, it is there-
fore reasonable to offer surgical intervention or a 
supervised trial of structured rehabilitation for 
patients with mild CSM. In patients treated non-
operatively, surgery should be recommended if 
there is neurological deterioration during the 
observation period. Although there are no pub-
lished guidelines regarding the duration of obser-
vation, many surgeons offer surgery if symptoms 
persist after 3 or more months of nonoperative 
therapy. There is no convincing available data 
that mild or asymptomatic patients should 
undergo prophylactic decompression surgery to 
prevent the occurrence of paralysis following a 
traumatic event, such as a fall or motor vehicle 
accident. A recent study by Chang et al. [4] pro-
spectively followed 55 asymptomatic or mildly 
affected patients with cervical stenosis that were 
treated nonoperatively. Thirty-one patients (56%) 
were previously recommended surgery by a pre-

vious physician. Twenty-six patients (47%) were 
told that they would be paralyzed after a motor 
vehicle accident or fall unless surgery was per-
formed. The patients were followed for a mean of 
2.3 years. Ten patients (18%) experienced a trau-
matic event during the follow-up, with none sus-
taining an SCI.  The authors concluded that 
occurrence of SCI in this patient population after 
minor trauma is likely smaller than many physi-
cians surmise, yet a prospective study with a 
large cohort of patients is necessary to fully elu-
cidate their true risk stratification.

�Moderate Spondylotic Myelopathy

Moderate spondylotic myelopathy refers to 
patients with clear signs and symptoms of 
myelopathy and that typically have a mJOA 
score of 12–14 (Fig.  12.2). They may present 
with mild to moderate hand coordination and 
gait difficulty or relatively profound isolated 
impairment in one of these functions. Although 
nonoperative treatment may be attempted in 
patients at the cusp of mild to moderate myelop-
athy, current literature suggests that patients 
with moderate CSM should undergo surgical 
intervention. In fact, patients are 1.22 times 
more likely to achieve a postoperative mJOA 
score of >16 for every 1-point increase in preop-
erative mJOA [24]. Conversely, in a study of 
patients with a mJOA score of 11–14 who were 
treated nonoperatively, the change in mJOA 
score was minimal (0–2.3), and up to 54% of 
patients eventually required surgery [25]. As 
such, nonoperative treatments are typically con-
sidered stopgap measures prior to surgery. Part 
of the rationale with this recommendation is that 
spinal cord compression severe enough to result 
in moderate spinal cord dysfunction can be 
associated with progressive permanent micro-
structural changes that cannot be reversed 
through decompression surgery. Therefore, 
pursing nonoperative treatment in this patient 
population confers the risk of neurological func-
tional decline. As part of a large multicenter 
study, Fehlings et al. prospectively followed 110 
moderately affected CSM patients that under-
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went surgical decompression [7]. The mean 
improvement in the mJOA score was 2.58, the 
Nurick grade 1.51, and the NDI 9.79. All of 
these were statically significant improvements 
compared to the preoperative baseline and sur-
passed the MCID measurements for moderate 
CSM.

This sentiment was also found in a study by 
Sampath et al. who prospectively compared the 
results of operative versus nonoperative treat-
ment for moderate to severe CSM [21]. Surgical 
patients had improved functional status and over-
all pain but with nonsignificant improvement in 
preoperative neurological symptoms. In contrast, 
nonoperative patients had significant worsening 
of their functional status and nonsignificant wors-
ening of their baseline neurological symptoms. 
The fact that the operative cohort noted func-
tional improvement while the nonoperative group 
declined infers a benefit to operative manage-
ment in this patient population.

Nonoperative treatment may be appropriate in 
this patient population under certain circum-
stances, including severe medical comorbidities 
that significantly increase surgical risk, personal 
aversion to surgery, or improving symptomatol-
ogy. However, if a nonoperative strategy is pur-
sued, patients in this moderate category must be 
closely monitored for progressive symptoms or 
red flags, such as bowel/bladder symptoms, sex-
ual dysfunction, or new-onset paresis.

�Severe Spondylotic Myelopathy

Severe spondylotic myelopathy refers to patients 
with significant signs and symptoms of myelopa-
thy or those with rapidly progressive disease 
(Fig. 12.3). These patients typically have a mJOA 
score of 0–11 and may be wheelchair bound or 
completely dependent on a walking assist device. 
MRI characteristics frequently include an AP 

a b

Fig. 12.2  Moderate CSM. A 40-year-old male with bilat-
eral hand weakness, paresthesias, and positive Hoffman’s 
sign (mJOA 14). Per patient wishes, conservative therapy 
was trialed for 3 months with persistent symptoms, and 
thus, the patient underwent C3–6 laminoplasty. 
Postoperatively the patient’s hand strength and sensation 

improved significantly (mJOA 16). (a) X-ray cervical 
spine showing cervical straightening and moderate osteo-
phyte formation. (b) MRI cervical spine with diffuse 
spondylosis and focal stenosis at C5–6, with correspond-
ing spinal cord T2-weighted signal hyperintensity
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diameter of 7 mm or less, suggesting severe spi-
nal canal narrowing with cord compression, and 
may demonstrate evidence of spinal cord injury. 
This includes high T2-weighted intramedullary 
signal intensity, corresponding low T1-weighted 
intramedullary signal intensity or spinal cord 
atrophy.

A recent study of patients with severe spon-
dylotic myelopathy found that with surgery, 
the average mJOA score improved by 4.91 and 
Nurick score improved by 1.74 [7]. Although 
the nearly 5-point increase in mJOA appears 
impressive, these patients with severe CSM 
still have a relatively low postoperative mJOA 
score, suggesting only a minimal change in 
true functional capacity. Therefore, surgery 
should ideally be performed before the symp-
toms become severe. Nonetheless, Yoshimatsu 
et  al. [26] performed a retrospective study in 
which CSM patients chose to either undergo 
operative intervention or nonoperative treat-
ment. Patients that underwent surgery had 
more severe CSM, with a mean JOA of 9.1, 

compared to those in the nonoperative group. 
In the immediate surgery group, 78% improved 
their JOA score at last follow-up, whereas only 
23% of patients in the nonoperative group 
improved from their baseline scores. 
Accordingly, results of this study advocate for 
urgent surgical decompression in this patient 
population, typically within a few weeks. 
Nonoperative treatments are of limited utility 
and could delay surgical intervention, resulting 
in further neurological injury.

�Specific Time Frame of Surgery
There are no published studies that support a spe-
cific time frame for surgery, and the majority of 
previous investigations and guidelines have 
assessed this important question by stratifying 
timing based on severity of disease, as presented 
in this chapter. However, we have provided some 
time frames based on our experience and inter-
pretation of the available medical literature in 
Table 12.1. The overall concept of erring toward 
earlier instead of later surgical intervention 

a b

Fig. 12.3  Severe spondylosis. An 82-year-old male with 
hand weakness, progressive gait abnormality, and hyper-
reflexia (mJOA 7). The patient underwent C3–7 laminec-
tomy and fusion 1 week after consultation. Postoperatively, 
the patient’s dexterity and ability to ambulate improved, 

although some gait dysfunction persisted (mJOA 11). (a) 
X-ray cervical spine demonstrating severe degenerative 
changes, kyphosis, osteophyte formation, and auto-fusion. 
(b) MRI cervical spine with multilevel stenosis and T2 
signal change at C6–7
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appears to be supported in a large prospective 
multicenter study of CSM patients undergoing 
surgical intervention [24]. They found that the 
odds of a successful outcome decreased by 22% 
when the duration of symptoms increased from ≤ 
to 3 months to at least 3 but less than 6 months.

�Conclusions

Surgical decision-making for cervical spondy-
lotic myelopathy requires careful integration of 
patients’ subjective symptoms, objective physi-
cal exam findings, radiographic evidence, patient 
lifestyle, and overall health. Based upon this 
analysis, patients may be stratified into asymp-
tomatic, mild, moderate, and severe disease cat-
egories. Patients with non-myelopathic disease 
do not require treatment, per se, but should be 
followed closely, particularly if there is evidence 
of concurrent radiculopathy. Patients with mild 
disease may improve or stabilize with nonopera-
tive treatment, but surgical management has been 
also demonstrated to provide benefit. Patients 
with moderate disease usually require surgery, 
which should be considered first-line treatment. 
Conservative measures may be offered to patients 
who refuse surgery or who have elevated opera-
tive risk. However, these patients require vigilant 
monitoring for signs of disease progression, 
including gait dysfunction or loss of dexterity. 
Finally, patients with severe spondylotic myelop-
athy should be managed with surgical decom-
pression, as delays in utilizing nonoperative 
management may result in further irreversible 
neurologic decline.
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