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Study Design: Cross-sectional study.

Objective: To evaluate for areas of consensus and divergence of
opinion within the spine community regarding the management
of cervical spondylotic conditions and acute traumatic central
cord syndrome (ATCCS) and the influence of the patient’s age,
disease severity, and myelomalacia.

Summary of Background Data: There is ongoing disagreement
regarding the indications for, and urgency of, operative intervention
in patients with mild degenerative myelopathy, moderate to severe
radiculopathy, isolated axial symptomatology with evidence of
spinal cord compression, and ATCCS without myelomalacia.

Methods: A survey request was sent to 330 attendees of the
Cervical Spine Research Society (CSRS) 2021 Annual Meeting
to assess practice patterns regarding the treatment of cervical
stenosis, myelopathy, radiculopathy, and ATCCS in 16 unique
clinical vignettes with associated MRIs. Operative versus non-
operative treatment consensus was defined by a management
option selected by > 80% of survey participants.

Results: Overall, 116 meeting attendees completed the survey.
Consensus supported nonoperative management for elderly pa-
tients with axial neck pain and adults with axial neck pain

without myelomalacia. Operative management was indicated
for adult patients with mild myelopathy and myelomalacia,
adult patients with severe radiculopathy, elderly patients
with severe radiculopathy and myelomalacia, and elderly
ATCCS patients with pre-existing myelopathic symptoms.
Treatment discrepancy in favor of nonoperative management
was found for adult patients with isolated axial symptomatology
and myelomalacia. Treatment discrepancy favored operative
management for elderly patients with mild myelopathy, adult
patients with mild myelopathy without myelomalacia, elderly
patients with severe radiculopathy without myelomalacia, and
elderly ATCCS patients without preceding symptoms.

Conclusions: Although there is uncertainty regarding the treat-
ment of mild myelopathy, operative intervention was favored for
nonelderly patients with evidence of myelomalacia or radicul-
opathy and for elderly patients with ATCCS, especially if pre-
injury myelopathic symptoms were present.

Level of Evidence: Level V.
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Cervical spondylosis is estimated to affect over 90% of in-
dividuals over 60 years old and can lead to symptoms of

radiculopathy and/or myelopathy, which represent major
causes of axial and/or radicular neck pain, functional decline,
and disability.1–3 In patients with severe degenerative cervical
myelopathy (DCM) and intramedullary T2-signal change on
magnetic resonance imaging (MRI), operative intervention is
performed to halt neurological decline and improve quality of
life and disability.4–7 Conversely, in patients with mild radi-
culopathy or isolated axial neck pain in the absence of central
compression, nonoperative management and as-needed sur-
veillance are most appropriate.8 However, significant dis-
agreement exists regarding the indications for, and urgency of,
operative intervention in patients with mild DCM, moderate
to severe radiculopathy, and isolated axial symptomatology
with evidence of spinal cord compression.9–12 Specifically, in
the 2017 Cervical Spine Research Society (CSRS) and AO
Spine clinical practice guidelines for both mild DCM and
asymptomatic cord compression with electromyographic
radiculopathy, the authors highlight that there is low-level
evidence in the recommendation of either operative treatment
or a trial of nonoperative care with structured rehabilitation,
with surgical management considered with clinical pro-
gression or stagnation.12 Furthermore, the importance of pa-
tient age and MRI intramedullary signal intensity on the
decision for surgical decision-making remains incompletely
characterized.13

Similarly, there is ongoing controversy regarding the
optimal treatment of central cord syndrome.14,15 Acute
traumatic central cord syndrome (ATCCS), the most
commonly encountered incomplete spinal cord injury,
generally occurs after a hyperextension injury resulting in
upper greater than lower extremity sensorimotor deficit
and myelopathic symptoms.16,17 ATCCS presents in a
bimodal distribution secondary to high-energy trauma in
younger patients and low-energy falls in the elderly pop-
ulation with or without pre-existing cervical stenosis.18
Historically, nonoperative management was often priori-
tized in ATCCS due to significant operative morbidity and
evidence of substantial neurological improvement with
observation alone.17 Subsequently, as operative techniques
improved, numerous investigations have demonstrated
greater functional recovery and quicker return of motor
function in operative relative to nonoperative ATCCS
groups with associated mechanical instability.19–22 How-
ever, there remains uncertainty regarding the indications
for, and urgency of, operative intervention in ATCCS
without mechanical instability.14,23 Moreover, the poten-
tial role of antecedent myelopathic symptoms and MRI
intramedullary signal intensity in ATCCS surgical deci-
sion-making is yet to be determined.24

The present investigation surveyed spine surgeons
regarding significant variations in the treatment of axial
neck pain, radiculopathy, DCM, and ATCCS. Utilizing
multiple clinical scenarios, this study aimed to determine
the presence or absence of cervical spine community
treatment consensus (operative vs. nonoperative) depen-
dent on patient age, acute and chronic symptomatology,
and intramedullary signal intensity.

MATERIALS AND METHODS

Study Participants
After approval from the Institutional Review Board,

a survey request was sent to all 330 physician attendees of
the CSRS 2021 Annual Meeting to recruit a diverse group
of surgeons who routinely treat patients with cervical
spondylotic conditions. The study was deemed exempt
from requiring informed consent by the Institutional Re-
view Board. The survey assessed practice patterns related
to the management of cervical stenosis and central cord
syndrome through theoretical clinical scenarios. Partic-
ipation criteria included post-graduate practicing spine
surgeons. As such, surgical trainees, medical students, and
allied staff were excluded.

Survey Design
The survey included 26 multiple-choice questions

administered virtually on SurveyMonkey. Participants
were asked demographic questions regarding their CSRS
membership status, surgical subspecialty, practice type,
number of years in practice, and location of practice.
Surgeons were asked how, if at all, magnetic resonance
imaging (MRI) intramedullary signal intensity (ISI) cor-
responding to myelomalacia, electrophysiological cervical
cord dysfunction on somatosensory and motor-evoked
potentials, and modified Japanese Orthopaedic Associa-
tion (mJOA) score influence operative decision-making in
cervical spondylosis. Participants were also questioned
regarding the frequency with which they obtain mJOA for
the evaluation of a patient with DCM. The remainder of
the survey evaluated surgeon treatment preferences in 16
clinical vignettes with selected sagittal and axial cuts
of associated MRI imaging (Supplemental Table 1,
Supplemental Digital Content 1, http://links.lww.com/
CLINSPINE/A334). Myelopathy severity was de-
termined from mJOA scores (Supplemental Table 2,
Supplemental Digital Content 2, http://links.lww.com/
CLINSPINE/A335). The clinical scenarios focused on
degenerative cervical stenosis or central cord syndrome
after traumatic injury. Patients were further defined by age
(older adult= age 60 or elderly= age 85), absence or
presence of myelopathy and radiculopathy symptoms
(presented as separate variables), and absence or presence
of myelomalacia on MRI (Fig. 1). In each degenerative
case vignette, surgeon participants recommended
operative versus nonoperative management according to
the following: return to clinic as needed, scheduled clinic
follow-up without new MRI, scheduled clinic follow-up
with new scheduled MRI, or surgical intervention.
In the central cord syndrome cases, operative versus
nonoperative management treatment decisions were
presented as admit for MAP control and serial exams
with no urgent surgical intervention, admit for MAP
control and serial exams with surgical intervention only if
neurological deterioration, urgent surgical intervention
(< 24 h), nonurgent surgical intervention during
admission (> 24 h), scheduled elective surgery post-
discharge, and scheduled clinical follow-up with new
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scheduled MRI. Participants were provided with the
option to receive a report with aggregated survey results
after survey completion.

Statistical Analysis
Survey responses were aggregated to evaluate the

presence or absence of consensus regarding the manage-
ment of cervical spondylosis and central cord syndrome in
each clinical vignette. Operative versus nonoperative
treatment consensus was defined by a single management
option selected by > 80% of survey participants per prior
studies.25,26 Within each presenting problem (axial neck
pain, radiculopathy, DCM, and ATCCS), pairwise com-
parisons were utilized to directly evaluate management
differences based on patient age and MRI ISI. Descriptive
statistics were used to compare respondent demographics
and survey responses in terms of mean and standard de-
viation or the number of occurrences and percent of the
total. All statistical analysis was performed with the Sta-
tistical Packages for the Social Sciences (SPSS).

RESULTS

Study Participants
A total of 116 of the 330 (35.2%) CSRS 2021 meeting

surgeon attendees completed the survey. Respondent
demographic characteristics, including the surgical sub-
specialty, practice type, number of years in practice, loca-
tion of practice, and CSRSmembership status, are shown in
Table 1. The majority of respondents were orthopedic
surgeons (84.5%), practiced in an academic setting (48.3%),
practiced in the United States (69.8%), and had been in
practice for > 10 years (70.4%) (Table 1).

Surgical Decision-Making Tools
The majority of respondents (58.7%) believed that

mJOA should be utilized to direct the clinical management
of patients with myelopathy. However, the frequency of
obtaining mJOA in clinical practice was variable among
surgeons: 23.3% always, 25.0% frequently (more than two-
thirds of cases), 23.3% in select cases (less than one-third
of cases), and 28.5% never. Similarly, 85.8% of re-
spondents reported that ISI on MRI impacted their sur-
gical decision-making. Specifically, surgeons noted that
the likelihood of surgery increased with the greater
longitudinal extent of myelomalacia on the T2-weighted
image (52.2%), greater ISI on the T1-weighted image

(48.7%), and more intense and sharply demarcated margin
of ISI on the T2 (38.1%). A small minority of surgeons
(9.73%) reported that the presence of myelomalacia in-
creased the probability of anterior surgery to achieve di-
rect decompression. Conversely, most survey respondents
(79.8%) did not believe that the presence of electro-
physiological cervical cord dysfunction on somatosensory
and motor-evoked potentials was an indication for surgery
in an asymptomatic patient.

Clinical Vignettes
Axial Neck Pain and Asymptomatic Stenosis

In patient cases with axial neck pain without myel-
opathy or radiculopathy symptoms, there was consensus
that nonoperative management was indicated for both
adult (98.3%) and elderly (99.1%) patients without myelo-
malacia and elderly patients with myelomalacia (82.8%)
(Fig. 2). The majority of surgeons favored scheduling
nonoperative clinical follow-up without a new scheduled
MRI (Fig. 2). There was discrepancy favoring nonoperative
(66.4%) versus operative (33.6%) management in adults
with axial symptoms and myelomalacia.

Mild Myelopathy
Consensus opinion (85.3%) supported the operative

management of adult patients with mild DCM (with ref-
erence to mJOA range) and myelomalacia on MRI.
However, discrepancies in surgical decision-making ex-
isted for elderly patients with myelomalacia and both
adult and elderly patients without myelomalacia (Fig. 3).

Radiculopathy in the Presence of Spinal Cord
Compression

In patients presenting with severe radiculopathy and
asymptomatic cord compression, surgeon consensus sup-
ported operative management for those with radiographic
evidence of myelomalacia (adult: 96.6%, elderly: 86.2%),
regardless of age, and adults without myelomalacia
(87.0%). Of note, the decision to proceed with operative
management was dependent on the severity of radiculop-
athy (Fig. 4). Adults with myelomalacia compromised the
patient demographic with the greatest likelihood of
surgical treatment independent of radicular symptom
severity (Fig. 3). There was a discrepancy favoring
operative intervention (77.6%) in elderly patients with
radiculopathy without myelomalacia.

FIGURE 1. Summary of clinical vignette scenarios.
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Central Cord Syndrome
In elderly patients with ATCCS who endorsed myelo-

pathic symptoms preceding the trauma, surgeon consensus
supported operative management (myelomalacia: 94.9%, no
myelomalacia: 89.6%). Most surgeons favored performing
surgery during the index hospitalization on an urgent (mye-
lomalacia: 44.4%, no myelomalacia: 43.1%) or nonurgent
(myelomalacia: 40.0%, no myelomalacia: 34.5%) basis. Con-
versely, in ATCCS patients without preceding symptoms,
there was a discrepancy favoring operative (myelomalacia:
79.3%, no myelomalacia: 71.4) versus nonoperative (myelo-
malacia: 20.7%, no myelomalacia: 28.6%) treatment (Fig. 5).

DISCUSSION
In cervical spondylosis associated with radiculop-

athy or myelopathy and ATCCS, there is an ongoing
controversy in the spinal literature regarding the in-
dications for and relative urgency of operative inter-
vention. The results of the present survey highlight the
continued uncertainty in the management of mild DCM
and cervical spinal cord compression with myelopathic
symptoms. Clinical practice guidelines developed by
CSRS and AO Spine in 2017 suggest surgical intervention
in patients with moderate or severe myelopathy, surgical
intervention or structured rehabilitation for patients with
mild DCM, no surgical intervention for non-myelopathic
patients with cervical spinal cord compression, and sur-
gical intervention or nonoperative care with close sur-
veillance for non-myelopathic patients with cervical spinal
cord compression and clinical evidence of radiculopathy.12
However, these treatment recommendations are not only
limited to aggregation of evidence from small ob-
servational studies but also do not account for patient-
specific demographic or diagnostic characteristics outside
of myelopathy severity assessment.

In agreement with prior literature and clinical practice
guidelines, the current investigation’s results favor non-
operative management for the majority of patients with
cervical stenosis with spinal cord compression not asso-
ciated with myelopathy or radiculopathy.10,13,27 Previous
investigations have shown that the short-term risk of de-
veloping myelopathy in asymptomatic patients with cer-
vical spondylosis is generally low.13,27 In an observational
cohort of patients with asymptomatic discogenic or osteo-
ligamentous spinal cord compression, < 25% developed
myelopathic symptoms by 2-year follow-up.28 Fur-
thermore, while it is possible that asymptomatic degener-
ative central stenosis increases the risk of neurological
injury after trauma, there has been minimal evidence to

TABLE 1. Summary of Respondent Demographics

Category Characteristic
Respondent

(%)

Geographic location,
n= 116

United States 69.8

North America—Outside of
the United States

6.0

Europe 12.9
South America 1.7

Asia 13.8
Number of years in
practice, n= 115

< 1 year 2.6

1–5 years 13.0
5–10 years 13.9
11–15 years 12.2
16–25 years 23.5
> 26 years 34.8

Surgical subspecialty,
n= 116

Neurosurgeon 14.7

Orthopedic spine 84.5
Other 0.9

Practice type,
n= 116

Private 25.9

Academic 48.3
Privademic 19.8

Other 6.0

FIGURE 2. Summary of survey responses in axial neck pain case scenarios.
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support this finding, and currently is not an indication for
prophylactic fixation.29 However, numerous patient ana-
tomic factors including greater canal occupancy ratio, native
cervical range of motion, and extent of posterior longitudinal
ligament ossification and evidence of electrophysiological
and ISI spinal cord changes may increase the risk or rate of
myelopathy development.8,13,27 As such, in the current study,
approximately one-third of survey respondents supported
surgical intervention for axial neck pain with central stenosis

only in younger patients if myelomalacia was present. The
survey results also underscore the importance of scheduled
clinical follow-up in patients with a younger age of pre-
sentation or who are at elevated risk of developing myelop-
athy. However, the majority of surgeons did not recommend
obtaining a new MRI at follow-up, which likely reflects that
progression to operative management in known cervical
central stenosis depends primarily on evolving myelopathic
symptoms and exam findings.

FIGURE 3. Summary of survey responses in mild myelopathy case scenarios.

FIGURE 4. Summary of survey responses in radiculopathy case scenarios.
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The current survey results highlight the dearth of
evidence to support operative or nonoperative intervention
for patients with mild DCM, demonstrating discrepancy
in the management of elderly patients with mild
DCM and adult patients with mild DCM without
myelomalacia.10,30,31 Prior literature has demonstrated that
preoperative cervical spinal cord T1 hypo-intensity, but not
T2 hyperintensity, is associated with lower mJOA score
after decompression and fusion for myelopathy.32,33 How-
ever, there is conflicting evidence to support T1 hypo-in-
tensity as an independent predictor of postoperative
neurological recovery.32,34 Furthermore, these inves-
tigations do not attempt to stratify patients with mild versus
moderate-severe myelopathy and are focused on post-
operative outcomes rather than operative indications.
Similarly, the impact of patient age on DCM operative
decision-making and postoperative outcomes remains
controversial.9,35–37 In a small cohort study of patients with
mild myelopathic symptoms and spinal cord compression
with T2 hyperintensity, patient age at presentation was not
found to predict the need for surgical intervention over the
3-year study period.9 Conversely, in a matched cohort
analysis of DCM patients < age 70 versus ≥ age 70, the
postoperative improvement in mJOA, neck disability index,
and physical and mental component scores were sig-
nificantly greater in the younger group.36 In the present
investigation’s mild DCM case scenarios, when patient age
and MRI ISI were altered independently, there was no
consensus on operative versus nonoperative management.
However, the mild DCM case scenario with both a younger
patient and myelomalacia present was generally found to
warrant operative intervention.

In the current study, there was consensus that op-
erative treatment is warranted for patients with severe
cervical radiculopathy, with the exception of elderly pa-
tients without myelomalacia. Cervical radiculopathy
randomized controlled studies comparing anterior cervical
discectomy and fusion with physical therapy to physical
therapy alone demonstrate excellent recovery of both
groups but significantly greater improvement in neck dis-
ability index and VAS pain directly after surgery that is
generally sustained at long-term follow-up.38,39 In contrast
to severe DCM, an initial trial of medical management,
physical therapy, and corticosteroid injections is generally
indicated in radiculopathy regardless of presenting symp-
tom severity due to good long-term improvement poten-
tial. It is possible that surgery for radiculopathy was
severity-dependent in this study because patients with se-
vere presentation were more likely recalcitrant to con-
servative management. Furthermore, clinical practice
guidelines have identified that cervical radiculopathy in
the presence of central stenosis increases the risk of de-
veloping symptomatic myelopathy.10,12,28 In a recent sys-
tematic review, electromyographic signs of anterior horn
cell lesions (relative risk= 2.4) and symptomatic radicul-
opathy (relative risk= 3.0) were identified as risk factors
for the development of myelopathy defined as the devel-
opment of myelopathic symptoms and a concurrent de-
crease in mJOA ≥ 1.27 As such, in adult patients with
radiculopathy and myelomalacia without myelopathy,
over half of the survey respondents supported operative
intervention independent of the radiculopathy severity,
likely reflecting the likelihood of myelopathy development
in this subgroup.

FIGURE 5. Summary of survey responses in ATCCS case scenarios.
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The survey results support operative management in
> 70% of elderly individuals with ATCCS, regardless of
MRI ISI or prior symptomology, which reflects the general
shift from historically nonoperative management to early
surgical decompression to maximize the rate and extent of
neurological and functional recovery.14,15,23 Numerous
patient and injury-specific factors have been associated with
poor prognosis in ATCSS and should be considered to
guide operative decision-making, including older age,
greater medical comorbidities, unstable injury patterns, and
greater severity of spinal cord injury assessed through ASIA
grade, spasticity, hand function, and cord compression on
MRI T1 and T2 sequences.15,24,40 In addition, underlying
cervical spondylosis with central stenosis may increase the
risk of neurological compromise associated with traumatic
injury proximity to a rigid segment.24 In this study, both
myelomalacia and pre-injury myelopathic symptoms in-
creased the likelihood of ATCCS operative intervention;
however, > 80% consensus supporting operative manage-
ment was only present in cases of pre-injury symptoms. To
the author’s knowledge, the present investigation is the first
to directly study the impact of pre-existing myelopathic
symptoms on ATCCS management, likely due to inherent
limitations in medical charting and retrospective data col-
lection. These novel survey findings suggest that provider
assessment of pre-injury motor, sensory, hand dexterity,
and bowel and bladder function should be prioritized for
ATCCS patients, especially in individuals with underlying
central stenosis.

The survey results highlight the ongoing controversy
regarding the optimal timing of surgical decompression in
ATCCS. Survey respondents generally agreed that oper-
ative decompression should be performed during the index
hospitalization, but there was a lack of agreement as to
whether surgery should be performed on an urgent
(< 24 h) or nonurgent basis. In the Surgical Timing in
Acute Spinal Cord Injury Trial, which evaluated operative
intervention less than versus greater than or equal to
24 hours after cervical spinal cord injury, patients in the
early decompression group were more likely to experience
a 2-grade improvement in ASIA grade at 6 months follow-
up.41 However, this study included all patients with in-
complete cervical spinal cord injury and was not specific to
ATCCS. A 2015 systematic review on ATCCS surgical
timing found that while urgent surgical intervention after
ATCCS was safe and effective, there was only low-level
evidence that urgent versus nonurgent intervention led to
significantly greater ASIA and mJOA improvement at 1-
year follow-up.23

This study is not without limitations, including those
inherent in the application of survey-based studies into
clinical practice. Though the case scenarios provided pa-
tient demographics, clinical symptoms, and MRI studies,
they are unable to reflect the nuances of actual patient
presentations with respect to operative decision-making and
are incompletely generalizable. Furthermore, while the
survey was delivered to a large group of experienced spine
surgeons at a prominent cervical spine research meeting,
the conference attendees likely imparted a selection bias

favoring American spine surgeons (69.8%) who practice in
an academic environment (48.3%). In addition, with an
approximately one-third survey response rate, there is a
significant response bias with unclear effects on survey re-
sults. Regarding survey design, this study focused primarily
on the effects of age and MRI ISI in cervical stenosis and
mild myelopathy, and as such, incompletely evaluated op-
erative decision-making in isolated radiculopathy or severe
myelopathy and the potential effects of additional clinical
or imaging findings on myelopathy management. Lastly,
future survey studies may aim to stratify degenerative and
traumatic myelopathy surgical indications based on re-
spondent demographics, training, and practice environ-
ments; however, this was not currently performed to
increase clarity and simplicity of data presentation. In this
investigation, stratification by multiple respondent demo-
graphics could not be performed while maintaining the
deidentified nature of survey responses.

Though there is a general lack of consensus re-
garding the treatment of mild DCM, the survey results
suggest that operative intervention may be considered in
younger patient populations and those with evidence of
myelomalacia or clinical findings of radiculopathy. In
contrast, the majority of surgeons preferred operative
management of elderly patients with ATCCS, especially
if pre-injury myelopathic symptoms were present. There
was a strong consensus against operative treatment in
patients, regardless of age, with MRI evidence of cord
compression but without clinical myelopathy. The
management of mild DCM is an important area of
controversy that requires attention and this knowledge
gap represents an opportunity for translational research.
In addition, management standards for ATCCS likely
require revision in view of mounting evidence favoring
an important role of surgical intervention. It is also
recognized that the management of elderly patients and
those with medical frailty remain challenges that require
further research and discussion.
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