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A B S T R A C T

Introduction: Evidence on degenerative cervical myelopathy (DCM) has frequently focussed on surgical man
agement, overlooking the role of non-surgical clinicians. Their contributions in the patient journey remain 
largely underexplored in the literature.
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Research question: What is the role of non-surgical clinicians in the assessment and management of people with 
DCM?
Material and methods: This narrative review synthesizes knowledge from a comprehensive MEDLINE search and 
the collective expertise of the RECODE-DCM Peri-Operative Rehabilitation Incubator, an expert working group 
hosted by Myelopathy.org. Key domains of non-surgical clinician involvement include: 1) early recognition and 
referral, 2) patient education, 3) pain management, 4) preoperative management, and 5) postoperative 
rehabilitation.
Results: Timely DCM diagnosis depends on first-contact clinicians recognizing hallmark symptoms. In the absence 
of standardized screening criteria, tools like the modified Japanese Orthopaedic Association score can support 
early identification. Non-surgical clinicians educate patients with mild or non-myelopathic spinal cord 
compression to recognize signs of DCM progression, ensuring timely surgical consultation. These clinicians also 
play a multidisciplinary role in the biopsychosocial management of pain, incorporating pharmacological and 
non-pharmacological strategies to address nociceptive and neuropathic pain. While predictors of postoperative 
outcomes, such as disease severity, gait dysfunction and smoking, are known, evidence on preoperative opti
mization and prehabilitation remains limited. Emerging research highlights the benefits of early postoperative 
rehabilitation, including cervical range of motion and stabilization exercises, in improving 12-month post
operative outcomes.
Discussion and conclusion: Non-surgical clinicians play an integral role in DCM management across the care 
continuum. A multidisciplinary, patient-centred approach is essential. Postoperative rehabilitation holds 
promise, but prospective trials are necessary to establish standardization and optimal strategies for clinical 
delivery.

1. Introduction

Degenerative cervical myelopathy (DCM) is the leading cause of 
adult spinal cord dysfunction, affecting an estimated 2.3 % of adults 
globally (Badhiwala et al., 2020; Nouri et al., 2015a). DCM arises from 
cervical spinal cord compression due to a combination of degenerative 
and congenital factors, manifesting in debilitating symptoms such as 
hand dysfunction, neck and arm pain, limb paraesthesia, gait and bal
ance decline and autonomic dysfunction (Jiang et al., 2023). With the 
aging population projected to grow worldwide, both the prevalence and 
socioeconomic impact of DCM are expected to increase significantly 
(Davies et al., 2018b). Although early diagnosis and timely surgical 
decompression are pivotal for optimal long-term outcomes (Fehlings 
et al., 2017), these are often delayed, contributing to preventable 
functional decline (Davies et al., 2018b).

Historically, DCM research has predominantly focused on surgical 
management, with little attention to the role of non-surgical manage
ment and the contribution of non-surgical clinicians (Boerger et al., 
2022b). However, non-surgical clinicians, particularly those in the pri
mary healthcare, medical and allied health disciplines, can play a key 
role in the comprehensive assessment and management of DCM. Their 
responsibilities encompass, but are not limited to, early identification 
and diagnosis, prehabilitation, pain management, patient education, 
non-surgical and post-operative rehabilitation (Boerger et al., 2022b). 
Current clinical practice guidelines recommend, as an option, structured 
non-surgical management for individuals with mild DCM and those that 
are non-myelopathic with spinal cord compression (NMSCC) and 
concomitant clinical evidence of radiculopathy (Fehlings et al., 2017). 
Yet, there is a lack of evidence-based care pathways and specific guid
ance on the content and structure of non-surgical management and 
rehabilitation for DCM (Boerger et al., 2022b).

Given the frequent diagnostic delays and progressive functional 
decline seen in DCM, optimizing early diagnosis and non-surgical 
management to enhance preoperative function and post-operative re
covery is critical (Loh et al., 2023). This gap in rehabilitative research 
and clinical practice has been acknowledged as the sixth key DCM 
research priority by AO Spine RECODE-DCM (REsearch objectives and 
COmmon Data Elements for DCM), a global multi-stakeholder research 
priority setting initiative (aospine.org/recode) (Boerger et al., 2022b). 
RECODE-DCM involved a multi-stakeholder community working to 
accelerate the creation and translation of knowledge in DCM. The 
community is now hosted by Myelopathy.org, a DCM Charity, and in
cludes a number of parallel projects and initiatives. To help address this 

and other research priorities, a number of expert working groups have 
been formed, termed incubators. The RECODE-DCM Peri-Operative 
Rehabilitation Incubator is an expert working group, made up of pro
fessionals from a range of different disciplines from around the world 
and patients with lived experience.

This narrative review explores the essential roles that non-surgical 
clinicians play in the multidisciplinary assessment and management of 
DCM, on behalf of the RECODE-DCM Peri-Operative Rehabilitation 
Incubator. This article represents their appraisal of the current state of 
the evidence base, which given its limited nature, draws upon their 
wider experience of the field and related fields, to showcase the need 
and opportunity. It includes suggestions of where research should now 
be targeted.

2. Materials and methods

2.1. Design

This review employs a non-systematic design with narrative syn
thesis, focusing on key non-surgical DCM management domains iden
tified by the RECODE-DCM Peri-Operative Rehabilitation Incubator, an 
expert multidisciplinary working group hosted by Myelopathy.org. 
Given the absence of sufficient literature evaluating the various aspects 
of non-surgical clinician involvement in DCM (Boerger et al., 2022b), a 
systematic review was not feasible. Instead, this review synthesizes key 
concepts identified by the expert incubator, emerging DCM research 
while also incorporating relevant literature from other related spinal 
conditions, where necessary.

2.2. Definition and scope

This review defines and provides recommendations for the role of 
non-surgical clinicians in optimizing the health and outcomes of people 
living with DCM (plwDCM) in the preoperative and postoperative 
stages. The roles of clinicians in the peri-operative stage, particularly in 
the hospital level of care has not been included in this review. Non- 
surgical clinicians play a crucial role across various stages of the pa
tient journey, including early recognition and patient education in the 
primary healthcare sector, as well as pain management, preoperative 
health optimization, preoperative and postoperative rehabilitation in 
the secondary and tertiary care settings (Fig. 1). These were the concepts 
broadly agreed upon by the RECODE-DCM Peri-Operative Rehabilita
tion Incubator.
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These non-operative clinicians include, but are not limited to, pri
mary care physicians, pain and musculoskeletal medicine physicians, 
rheumatologists, physical medicine and rehabilitation physicians, neu
rologists, nurse practitioners and allied health clinicians, such as phys
ical therapists, occupational therapists, osteopaths, and chiropractors. In 
addition to synthesizing existing literature, expert insights from the 
RECODE-DCM Peri-Operative Rehabilitation Incubator informed the 
key concepts for this paper, providing a multidisciplinary perspective in 
contextualising the available evidence, while identifying gaps in 
knowledge and clinical practice.

2.3. Literature review

To identify relevant peer-reviewed literature on the role of non- 
surgical clinicians for DCM, we conducted a MEDLINE search using 
the comprehensive search strategy developed by Davies et al. (2018a). 
The following additional search terms were applied: “non-surgical” OR 
“non-operative” AND “rehabilitation” OR “management,” “profession,*” 
OR “clinician” to capture articles published between January 1, 2000, 
and September 1, 2024.

The retrieved articles were reviewed for relevance to the topic of 
non-surgical management and clinician roles in DCM, with selection 
criteria favouring studies that discussed early diagnosis, rehabilitation, 
pain management and patient education aspects within this context. 
Only articles published in English and appearing in peer-reviewed 
journals were considered. Where dedicated DCM research was lacking, 
evidence from related spine conditions (e.g., spinal cord injury, chronic 
pain syndromes, degenerative spine diseases and elective cervical spine 
surgery) were reviewed and considered.

2.4. Evidence appraisal

The articles included in this narrative review were appraised for their 
relevance and contribution to understanding the role of non-surgical 
clinicians in the assessment and management of DCM. The appraisal 

process focused on identifying key concepts related to non-surgical 
involvement, including early recognition and referral, patient educa
tion, pain management, preoperative management and postoperative 
rehabilitation.

Given the non-systematic nature of this review, the appraisal 
emphasized recent articles with clinical applicability rather than formal 
quality assessment tools. As a result, this review does not include a 
structured risk-of-bias assessment, which is acknowledged as a limita
tion. However, the inclusion of expert consensus aims to provide a 
pragmatic overview of non-surgical management strategies while 
identifying areas where high-quality, systematic evidence is lacking. The 
appraisal findings informed the organization of the review topics and 
highlighted areas where additional research and clinical guidelines are 
needed.

3. Early recognition and referral

Although this paper focuses on non-surgical management, the early 
recognition of DCM by non-surgical clinicians is crucial to addressing 
the diagnostic delays commonly faced by plwDCM, which average 2.5 
years (Behrbalk et al., 2013). Studies highlight low awareness and 
diagnostic confidence among primary care providers internationally, 
particularly general medical practitioners, contributing significantly to 
these delays (Chauhan et al., 2025; Rufus-Toye et al., 2024; Waqar et al., 
2020). Consequently, many individuals with DCM remain undiagnosed 
(Grodzinski et al., 2023), and are only identified at which point they 
develop symptoms severe enough to warrant emergency or acute pre
sentations. Reducing diagnostic delays is a priority outlined by 
RECODE-DCM, as longer symptom durations and greater severity at 
presentation are associated with poorer outcomes (Davies et al., 2022; 
Pope et al., 2020).

In the earlier stages of DCM, patients often present with subtle and 
nonspecific symptoms, requiring greater clinician awareness to consider 
DCM in patients with subtle deficits such as hand clumsiness or poor 
balance, rather than dismiss them as part of an aging process (Jiang 

Fig. 1. Key Roles of Non-Surgical Clinicians for Degenerative Cervical Myelopathy. 
DCM - Degenerative Cervical Myelopathy; mJOA – modified Japanese Orthopaedic Association score; NMSCC – non-myelopathic spinal cord compression; ROM – 
range of motion.
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et al., 2023). While orthopaedic spine surgeons and neurosurgeons 
manage the majority of plwDCM, patients with early and undiagnosed 
DCM may present to a variety of clinicians including pain medicine 
physicians, rheumatologists, neurologists, general orthopaedic and 
neurological surgeons alongside primary care and allied health clini
cians prior to the diagnosis being confirmed. Raising awareness across 
disciplines is critical, encouraging clinicians to proactively screen at-risk 
populations for hallmark signs of DCM (Davies et al., 2022).

At-risk groups include individuals with lumbar degenerative condi
tions such as lumbar spinal stenosis (Overley et al., 2017), older adults 
(Smith et al., 2021), and those with a history of cervical trauma, such as 
retired contact-sport athletes (Anderson et al., 2024). Additionally, 
those having undergone prior cervical spine surgery or those with 
congenital conditions such as Klippel-Feil syndrome (Nouri et al., 
2015b) and Ehlers-Danlos syndrome (Baucher et al., 2022) are also 
established at-risk groups.

In the absence of validated diagnostic criteria, tools such as the 
modified Japanese Orthopaedic Association score can help clinicians 
identify key symptoms (Treanor et al., 2024). Awareness of referral 
pathways for cervical spine MRI and surgical consultation are equally 
important to ensure timely diagnosis and intervention (Davies et al., 
2022). Long wait times for diagnostics and consultations often exacer
bate symptom progression (Pope et al., 2020; Fehlings et al., 2013). In 
some healthcare systems, advanced practice clinicians assist with the 
clinical triage of orthopedic and neurosurgical cases, addressing the 
disparity between demand and service capacity (Williams et al., 2019). 
Such initiatives may improve the timeliness of diagnosis and treatment 
for plwDCM.

4. Patient education

Patient education is essential for improving awareness of DCM 
among both patients and family members, enhancing engagement with 
treatment options, and enabling patients, especially those with mild 
DCM or asymptomatic cord compression, to recognize early signs of 
disease progression (Jiang et al., 2023). Timely surgical reassessment is 
crucial to facilitate early intervention and prevent the adverse outcomes 
associated with delayed surgical decompression (Davies et al., 2018b). 
Studies reveal that up to 62 % of untreated DCM patients experience 
neurological decline over a three-to six-year period, with 75 % exhib
iting sudden, unpredictable stepwise neurofunctional deterioration 
(Wilson et al., 2013; Karadimas et al., 2013). Routine monitoring also 
shows that 8 % of patients with NMSCC develop symptomatic DCM 
within one year, increasing to 23 % at four years (Fehlings et al., 2013).

Clinical practice guidelines recommend serial monitoring for pa
tients with mild DCM or NMSCC to ensure early detection and timely 
intervention (Fehlings et al., 2017). While there is limited evidence to 
define optimal follow-up intervals, suggested protocols include 
follow-up every 3–6 months with repeat neuroimaging during the first 
two years, followed by 6–12 monthly follow-ups for patients who are 
neurologically and radiologically stable (Furlan, 2023). Expedited sur
gical consultation is imperative when neurological or functional decline 
is detected (Fehlings et al., 2017). Ongoing research through the 
RECODE-DCM Natural History Incubator seeks to refine follow-up pro
tocols. The use of validated tools such as the modified Japanese Or
thopaedic Association (mJOA) score (Fehlings et al., 2017), hand-held 
dynamometry, and gait assessments supports early detection of func
tional decline and informs surgical decision-making (Loh et al., 2023).

Although surgeons are primarily responsible for counselling patients 
on surgical approaches, recovery, and postoperative precautions 
(Fehlings et al., 2017), non-surgical clinicians play an essential com
plementary role in patient education. They can guide patients and their 
families in recognizing and monitoring disease progression, adopting 
lifestyle and occupational modifications, symptom management, and 
engaging with rehabilitation programs (Furlan, 2023). In particular, 
patients should be educated on precautions such as avoiding cervical 

manipulations and implementing fall-prevention strategies to reduce the 
risk of acute spinal cord injuries, such as central cord syndrome (Wilson 
et al., 2013).

Non-surgical clinicians also provide critical psychosocial support, 
helping patients navigate the emotional and practical challenges of 
living with DCM. Additionally, they can connect patients to support 
networks, such as the Myelopathy.org Facebook group, which offers 
both educational resources and psychological support to plwDCM and 
their families (Davies et al., 2018b).

5. Pain management

Pain is a significant symptom for plwDCM, profoundly impacting 
their quality of life (Boerger et al., 2022a). Pain in DCM arises from 
multiple mechanisms, including nociceptive somatic inputs from cervi
cal spondylosis and musculature, neuropathic processes affecting the 
somatosensory system, and nociplastic changes linked to alterations in 
central nervous system structures (Treede et al., 2008, 2019; Fard et al., 
2024).

Pain is the number one recovery priority for plwDCM irrespective of 
functional status (Davies et al., 2019), with over 50 % of plwDCM 
experiencing high-impact chronic pain (Cook et al., 2022), particularly 
neck and arm pain (Davies et al., 2019; Jiang et al., 2023). While surgery 
addresses spinal cord compression, it may not fully alleviate axial neck 
pain, highlighting the essential role of non-surgical clinicians (Wang 
et al., 2011). These clinicians contribute to pain management through 
pharmacological and non-pharmacological strategies, addressing noci
ceptive and neuropathic components while incorporating psychosocial 
support to mitigate chronic pain’s broader impacts.

Contemporary evidence in pain management emphasizes a bio
psychosocial approach to address the multifaceted pain experienced by 
plwDCM (Boerger et al., 2022a; Loh et al., 2023; Lee and Kim, 2023). 
Psychological distress is a key predictor of residual postoperative neck 
pain and disability in patients undergoing anterior cervical discectomy 
and fusion (Goh et al., 2019). Other predictors of persistent high-impact 
pain include preoperative depression, female sex, low baseline mJOA 
scores, and severe preoperative neck and arm pain (Cook et al., 2022). 
These findings highlight the importance of holistic pain management 
strategies across non-surgical, preoperative, and postoperative contexts.

Comprehensive pain assessment should incorporate psychosocial 
factors alongside traditional measures such as visual analogue scales and 
numeric pain rating scales (Loh et al., 2023). Tools like the Pain 
Self-Efficacy Questionnaire (Kondo et al., 2023) and the Hospital Anx
iety and Depression Scale provide valuable insights into psychological 
contributors to pain and disability (Menon et al., 2016). These assess
ments guide non-surgical clinicians in tailoring interventions for 
DCM-related pain.

A multimodal pain management strategy should integrate both 
pharmacological and non-pharmacological approaches (Rhee et al., 
2013). Pharmacological options may include non-steroidal anti-in
flammatory drugs, opioids, gabapentinoids, tricyclic antidepressants, 
serotonin-noradrenaline reuptake inhibitors and epidural or zyg
apophyseal injections (Cohen and Hooten, 2017; Moulin et al., 2014), 
though evidence supporting their effectiveness in DCM-specific pain is 
limited (Rhee et al., 2013; Manzur et al., 2023). While cervical epidural 
injections may provide short-term pain relief in cases of myeloradicul
opathy, caution is advised with cervical epidural and zygapophyseal 
injections, as they are linked to an increased risk of subsequent 
DCM-related surgery within one year (Manzur et al., 2023).

Non-pharmacological interventions, while not DCM-specific, can be 
adapted from persistent neck pain management strategies, including 
cervical traction, massage, therapeutic exercise, heat therapy, 
acupuncture, transcutaneous electrical nerve stimulation and mindful
ness techniques (Childress and Becker, 2016; Cohen and Hooten, 2017). 
Persistent postoperative neuropathic pain, well-documented in in
dividuals suffering from lower back pain (Alshammari et al., 2023), may 
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benefit from biopsychosocial management approaches such as the 
Explain Pain framework (Moseley and Butler, 2015), Acceptance and 
Commitment Therapy (Feliu-Soler et al., 2018), and mindfulness-based 
interventions alongside physical interventions.

Allied health clinicians, including physical therapists, psychologists, 
occupational therapists, and pain medicine specialists, are well- 
positioned to delivering these interventions within a multidisciplinary 
framework. Their role extends to supporting patients in living well 
despite persistent pain and optimizing quality of life.

6. Preoperative management

The role of preoperative management, including medical optimiza
tion and prehabilitation, in improving post-operative outcomes for 
plwDCM remains largely underexplored in current literature and 
guidelines (Boerger et al., 2022b; Fehlings et al., 2017). Evidence from 
elective spine surgery highlights the importance of a multidisciplinary 
approach to optimizing modifiable risk factors and medical comorbid
ities. These include endocrine, cardiovascular, and renal health, bone 
quality, frailty, cervical muscle function, nutrition, obesity, pain man
agement, psychological well-being, and smoking cessation (Wang et al., 
2021). Specific to DCM, advanced age, greater disease severity, gait 
impairment, and smoking are significant predictors of post-operative 
outcomes, with smoking cessation being particularly imperative in 
reducing post-operative complications such as non-union and infection 
(Tetreault et al., 2015).

Preoperative patient education, in the form of a structured 60-min 
class supplemented by written material, has demonstrated a signifi
cant reduction in hospital length of stay in patients undergoing lumbar 
and cervical fusion surgery (Edwards et al., 2022). Interventions as such 
may help to normalize expectations regarding surgery and recovery, 
supporting post-operative outcomes. Individualized prehabilitation 
programs can further enhance readiness for surgery by addressing 
muscle dysfunction, functional limitations, fall prevention, and general 
symptom management (Loh et al., 2023).

Muscle dysfunction, particularly fatty infiltration observed in cervi
cal extensor muscles on axial MRI sequences, is common among 
plwDCM and correlates with greater disease severity, greater canal 
compromise, and lower functional scores preoperatively (Fortin et al., 
2018; Naghdi et al., 2024). Higher cervical lean muscle mass is associ
ated with improved muscle strength in these patients (Fortin et al., 
2018). Recent multi-centric research also indicates that lower cervical 
muscle function and greater cervical muscle asymmetry are linked to 
poorer clinical outcomes, including function, disability, and quality of 
life at 6 and 12 months post-surgery (Naghdi et al., 2023). Targeted 
prehabilitation exercises focusing on muscle strengthening and neuro
muscular conditioning are therefore key clinical variables, and may 
enhance surgical outcomes and overall recovery.

Given the functional impairments seen in plwDCM, clinicians should 
incorporate aerobic and resistance exercises, balance training, and gait- 
specific interventions to mitigate risks, particularly falls, which can lead 
to severe complications like fractures or acute spinal cord injury 
(Boerger et al., 2022c; Horowitz et al., 2019). The use of walking aids 
should be considered on an individual basis to reduce falls risk. 
Although direct evidence for targeted balance training in DCM is lack
ing, clinical reasoning supports its inclusion, given the potential for 
catastrophic outcomes. Interventions may include trunk and limb 
postural exercises and reactive balance strategies to enhance stability 
(Furlan, 2023).

7. Post-operative rehabilitation

Although surgical decompression is the recommended intervention 
for moderate to severe or neurologically progressive DCM (Fehlings 
et al., 2017), up to 95 % of plwDCM experience chronic disability 
post-surgery (Boerger et al., 2022b; Fehlings et al., 2013). Unlike other 

neurological conditions such as stroke, traumatic brain injury, or spinal 
cord injury, standardized post-operative rehabilitation for DCM is 
neither common nor well-researched (Badran et al., 2018; Boerger et al., 
2022b). Given the shared clinical features and impairments, rehabili
tation strategies used in these conditions may provide a foundation for 
managing DCM (Loh et al., 2023).

An individualized multidisciplinary approach is essential, tailored to 
patient needs and rehabilitation goals (Loh et al., 2023). Recent evi
dence suggests that occupational- or physical-therapy focusing on cer
vical range of motion and stabilization within six weeks post-surgery 
yields the greatest improvements in physical function at 12 months, 
though no differences were observed in neck disability index scores 
(Rahman et al., 2024). Critically, this retrospective review did not 
discuss intensity, frequency, or sub-type of lower extremity physical 
therapy (Rahman et al., 2024). Standardized rehabilitation programs, 
encompassing goal setting, medical complication management, targeted 
strength and range of motion exercises, psychological intervention, and 
periodic functional and neurological monitoring, have been shown to 
enhance daily functioning in plwDCM beyond the benefits of surgery 
alone (Catz et al., 2024).

Recent years have seen a push towards high-intensity locomotor 
training in patients with stroke and traumatic spinal cord injury 
(Boerger et al., 2022b). While small trials have shown mixed results 
(Cheng et al., 2020; Magagnin et al., 2010), significant improvements in 
gait speed and time to complete the Timed Up and Go test were reported 
in one study (Cheng et al., 2020). Further advances may include 
combining rehabilitation with brain and/or spinal cord stimulation 
(Gharooni et al., 2021, 2022). A recent prospective clinical trial found 
that repetitive transcranial magnetic stimulation paired with rehabili
tation showed greater functional gains compared to standard rehabili
tation alone in the first six months postoperatively (Farrokhi et al., 
2024). Critically, this clinical trial demonstrated that ASIA, mJOA, 
Ashworth, and Nurick scores all improved in both groups (with and 
without stimulation) (Farrokhi et al., 2024). While both groups had 
improved function, the degree of improvement was indeed greater in 
those who received stimulation (Farrokhi et al., 2024). These findings 
demonstrate importantly, that 1) the provision of standard of care 
rehabilitation indeed increases function in plwDCM and 2) non-invasive 
stimulation may further maximize benefits of therapy beyond that of 
standard of care.

Targeted interventions addressing balance deficits (Boerger et al., 
2022c, 2024) are critical due to the risk of falls and fragility fractures in 
this population (Horowitz et al., 2019), particularly since lower ex
tremity recovery is less robust than upper extremity recovery (Friesen 
et al., 2024). High-intensity, prolonged programs to improve manual 
dexterity have shown promise but remain underutilized and 
under-researched in DCM rehabilitation (Loh et al., 2023). Compre
hensive post-operative care should also address secondary complica
tions, pain, and psychological distress to optimize outcomes (Loh et al., 
2023).

8. Research gaps

The RECODE-DCM initiative has played a pivotal role in identifying 
key research priorities to advance clinical practice and improve out
comes for people living with DCM (plwDCM). However, it has also 
highlighted significant gaps, particularly regarding the provision and 
efficacy of nonoperative management for NMSCC and pre- and post- 
operative rehabilitation for DCM (Boerger et al., 2022b). To address 
these gaps, prospective controlled studies are needed to delineate the 
benefits of non-surgical management, with a specific focus on stan
dardizing rehabilitative modalities, determining optimal dosage, in
tensity, and the need for supervised versus unsupervised elements 
(Boerger et al., 2022b).

Developing effective rehabilitation programs for DCM should inte
grate the perspectives of plwDCM to ensure a patient-centred approach 
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that aligns with their needs and preferences (Plener et al., 2024). While 
rehabilitation programs must remain flexible to accommodate individ
ual variability, data on specific modes and dosages of rehabilitation 
would enable the creation of evidence-based care pathways and stan
dardized practice guidelines, that can inform global practice changes. 
Importantly, the implementation of such care pathways depends on the 
availability of funding and appropriately trained clinicians. Conse
quently, developing sustainable and actionable rehabilitation models is 
crucial, both to enhance patient outcomes and to provide robust evi
dence for stakeholders to support the integration of structured, 
evidence-based non-surgical interventions alongside surgical care.

Additionally, long-term prospective studies are necessary to deepen 
understanding of the natural history of DCM. Such studies could inform 
evidence-based guidelines for follow-up and serial monitoring of in
dividuals with NMSCC or mild, non-progressive DCM undergoing 
nonoperative management. These efforts are essential for refining care 
protocols and ensuring timely intervention when needed.

9. Limitations

This review has several limitations. First, the non-systematic design 
may introduce selection bias, as studies were chosen based on thematic 
relevance rather than predefined inclusion/exclusion criteria. Second, 
while certain domains (e.g., postoperative rehabilitation, early recog
nition) have emerging evidence, other domains such as preoperative 
management, patient education, and pain management, lacked DCM- 
specific research, necessitating extrapolation from other related spinal 
conditions. This limits the direct applicability of some findings. Third, 
the absence of a formal critical appraisal process may affect the 
robustness of individual study interpretations. Finally, while expert in
sights provided a valuable framework, they inherently reflect current 
clinical perspectives rather than systematic evidence synthesis. Despite 
these limitations, this review provides a broad overview of the key role 
of non-surgical clinicians in DCM, highlighting critical gaps that warrant 
further research.

10. Conclusions

Non-surgical clinicians play a pivotal role in the assessment and 
management of plwDCM. This narrative review synthesizes current 
knowledge, highlighting their contributions across key domains, 
including early recognition, patient education, pain management, pre
operative optimization, and postoperative rehabilitation. Across these 
domains, a multidisciplinary and individualized, patient-centred 
approach remains integral. While the potential for postoperative reha
bilitation in DCM management is increasingly recognized, significant 
gaps persist in understanding optimal modalities, dosage, and clinical 
delivery strategies. Addressing these gaps through robust research and 
standardized care pathways is essential to enhancing the impact of non- 
surgical DCM management and ultimately improving outcomes and 
quality of life for plwDCM.

Author contributions

RVC: conceptualisation, investigation, writing - original draft prep
aration, reviewing and editing.

AKD: conceptualisation, writing - reviewing and editing.
TFB: investigation, writing - reviewing and editing.
JML: writing - reviewing and editing.
CT: writing - reviewing and editing.
SKR: writing - reviewing and editing.
VK: writing - reviewing and editing.
LW: writing - reviewing and editing.
JP: writing - reviewing and editing.
NW: writing - reviewing and editing.
MF: writing - reviewing and editing.

CA: writing - reviewing and editing.
AP: writing - reviewing and editing.
RSD: writing - reviewing and editing.
BD: writing - reviewing and editing.
MGF: writing - reviewing and editing.
DBA: conceptualisation, writing - reviewing and editing.

Ethical approval

Ethical approval was not required for this paper.

Funding

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. The authors 
have no other financial disclosures to declare.

Declaration of competing interest

The authors have no relevant financial not subject-related conflicts of 
interest to disclose.

Acknowledgments

This review represents a component of a broader initiative aimed at 
advancing knowledge discovery and fostering research into the nonop
erative and rehabilitative management of degenerative cervical 
myelopathy. The initiative was organized by the RECODE-DCM Peri- 
Operative Rehabilitation Incubator, a multidisciplinary consortium of 
international researchers and clinicians hosted by Myelopathy.org, a 
dedicated DCM charity. Further information is available at aospine.org/ 
recode. Fig. 1 was created with BioRender.com. MGF wishes to 
acknowledge support provided by the Robert Campeau Family Foun
dation/Dr. Charles H. Tator Chair in Brain and Spinal Cord Research. 
LW’s time is partly supported by the National Institute for Health and 
Care Research (NIHR) Exeter Biomedical Research Centre (BRC) and the 
NIHR School for Primary Care Research (SPCR). The views expressed are 
those of the author(s) and not necessarily those of the NIHR or the 
Department of Health and Social Care.

References

Alshammari, H.S., Alshammari, A.S., Alshammari, S.A., Ahamed, S.S., 2023. Prevalence 
of chronic pain after spinal surgery: a systematic review and meta-analysis. Cureus 
15 (7), e41841. https://doi.org/10.7759/cureus.41841.

Anderson, D.B., Peek, A.L., Van Gelder, J.M., Peek, K., 2024. Should we screen retired 
contact sport athletes for early signs of degenerative cervical myelopathy? Br. J. 
Sports Med. 58 (20), 1170. https://doi.org/10.1136/bjsports-2024-108306.

Badhiwala, J.H., Ahuja, C.S., Akbar, M.A., Witiw, C.D., Nassiri, F., Furlan, J.C., Curt, A., 
Wilson, J.R., Fehlings, M.G., 2020. Degenerative cervical myelopathy - update and 
future directions. Nat. Rev. Neurol. 16 (2), 108–124. https://doi.org/10.1038/ 
s41582-019-0303-0.

Badran, A., Davies, B.M., Bailey, H.-M., Kalsi-Ryan, S., Kotter, M.R.N., 2018. Is there a 
role for postoperative physiotherapy in degenerative cervical myelopathy? A 
systematic review. Clin. Rehabil. 32 (9), 1169–1174. https://doi.org/10.1177/ 
0269215518766229.

Baucher, G., Taskovic, J., Troude, L., Molliqaj, G., Nouri, A., Tessitore, E., 2022. Risk 
factors for the development of degenerative cervical myelopathy: a review of the 
literature. Neurosurg. Rev. 45 (2), 1675–1689. https://doi.org/10.1007/s10143- 
021-01698-9.

Behrbalk, E., Salame, K., Regev, G.J., Keynan, O., Boszczyk, B., Lidar, Z., 2013. Delayed 
diagnosis of cervical spondylotic myelopathy by primary care physicians. Neurosurg. 
Focus 35 (1), E1. https://doi.org/10.3171/2013.3.focus1374.

Boerger, T., Alsouhibani, A., Mowforth, O., Hamilton, J., Lalkhen, A., Davies, B.M., 
Kotter, M.R.N., 2022a. Moving beyond the neck and arm: the pain experience of 
people with degenerative cervical myelopathy who have pain. Glob. Spine J. 12 (7), 
1434–1442. https://doi.org/10.1177/2192568220986143.

Boerger, T.F., Hyngstrom, A.S., Furlan, J.C., Kalsi-Ryan, S., Curt, A., Kwon, B.K., 
Kurpad, S.N., Fehlings, M.G., Harrop, J.S., Aarabi, B., Rahimi-Movaghar, V., 
Guest, J.D., Wilson, J.R., Davies, B.M., Kotter, M.R.N., Koljonen, P.A., 2022b. 
Developing peri-operative rehabilitation in degenerative cervical myelopathy [AO 
spine RECODE-DCM research priority number 6]: an unexplored opportunity? Glob. 
Spine J. 12 (1_Suppl. l), 97S–108S. https://doi.org/10.1177/21925682211050925.

R.V. Chauhan et al.                                                                                                                                                                                                                            Brain and Spine 5 (2025) 104275 

6 

http://Myelopathy.org
http://BioRender.com
https://doi.org/10.7759/cureus.41841
https://doi.org/10.1136/bjsports-2024-108306
https://doi.org/10.1038/s41582-019-0303-0
https://doi.org/10.1038/s41582-019-0303-0
https://doi.org/10.1177/0269215518766229
https://doi.org/10.1177/0269215518766229
https://doi.org/10.1007/s10143-021-01698-9
https://doi.org/10.1007/s10143-021-01698-9
https://doi.org/10.3171/2013.3.focus1374
https://doi.org/10.1177/2192568220986143
https://doi.org/10.1177/21925682211050925


Boerger, T.F., McGinn, L., Bellman, M., Wang, M.C., Schmit, B.D., Hyngstrom, A.S., 2024. 
People with degenerative cervical myelopathy have impaired reactive balance 
during walking. Gait Posture 109, 303–310. https://doi.org/10.1016/j. 
gaitpost.2024.02.014.

Boerger, T.F., McGinn, L., Wang, M.C., Schmit, B.D., Hyngstrom, A.S., 2022c. 
Degenerative cervical myelopathy delays responses to lateral balance perturbations 
regardless of predictability. J. Neurophysiol. 127 (3), 673–688. https://doi.org/ 
10.1152/jn.00159.2021.

Catz, A., Watts, Y., Amir, H., Front, L., Gelernter, I., Michaeli, D., Bluvshtein, V., 
Aidinoff, E., 2024. The role of comprehensive rehabilitation in the care of 
degenerative cervical myelopathy. Spinal Cord 62 (5), 200–206. https://doi.org/ 
10.1038/s41393-024-00965-y.

Chauhan, R.V., Kennedy, J., White, S., 2025. Understanding gaps in the diagnosis of 
degenerative cervical myelopathy in Aotearoa New Zealand’s primary healthcare–a 
nationwide cross-sectional survey. Journal of Primary Health Care. https://doi. 
org/10.1071/HC24180.

Cheng, Y.-S., Chien, A., Lai, D.-M., Lee, Y.-Y., Cheng, C.-H., Wang, S.-F., Chang, Y.-J., 
Wang, J.-L., Hsu, W.-L., 2020. Perturbation-based balance training in postoperative 
individuals with degenerative cervical myelopathy. Front. Bioeng. Biotechnol. 8, 
108. https://doi.org/10.3389/fbioe.2020.00108.

Childress, M.A., Becker, B.A., 2016. Nonoperative management of cervical 
radiculopathy. Am. Fam. Physician 93 (9), 746–754.

Cohen, S.P., Hooten, W.M., 2017. Advances in the diagnosis and management of neck 
pain. Br. Med. J. 358, j3221. https://doi.org/10.1136/bmj.j3221.

Cook, C.E., George, S.Z., Asher, A.L., Bisson, E.F., Buchholz, A.L., Bydon, M., Chan, A.K., 
Haid, R.W., Mummaneni, P.V., Park, P., Shaffrey, C.I., Than, K.D., Tumialan, L.M., 
Wang, M.Y., Gottfried, O.N., 2022. High-impact chronic pain transition in surgical 
recipients with cervical spondylotic myelopathy. J. Neurosurg. Spine 37 (1), 31–40. 
https://doi.org/10.3171/2021.11.SPINE211260.

Davies, B., Mowforth, O., Sadler, I., Aarabi, B., Kwon, B., Kurpad, S., Harrop, J.S., 
Wilson, J.R., Grossman, R., Fehlings, M.G., Kotter, M., 2019. Recovery priorities in 
degenerative cervical myelopathy: a cross-sectional survey of an international, 
online community of patients. BMJ Open 9 (10), e031486. https://doi.org/10.1136/ 
bmjopen-2019-031486.

Davies, B.M., Goh, S., Yi, K., Kuhn, I., Kotter, M.R.N., 2018a. Development and validation 
of a MEDLINE search filter/hedge for degenerative cervical myelopathy. BMC Med. 
Res. Methodol. 18 (1), 73. https://doi.org/10.1186/s12874-018-0529-3.

Davies, B.M., Mowforth, O., Wood, H., Karimi, Z., Sadler, I., Tetreault, L., Milligan, J., 
Wilson, J.R.F., Kalsi-Ryan, S., Furlan, J.C., Kawaguchi, Y., Ito, M., Zipser, C.M., 
Boerger, T.F., Vaccaro, A.R., Murphy, R.K.J., Hutton, M., Rodrigues-Pinto, R., 
Koljonen, P.A., Fehlings, M.G., 2022. Improving awareness could transform 
outcomes in degenerative cervical myelopathy [AO spine RECODE-DCM research 
priority number 1]. Glob. Spine J. 12 (1_Suppl. l), 28S–38S. https://doi.org/ 
10.1177/21925682211050927.

Davies, B.M., Mowforth, O.D., Smith, E.K., Kotter, M.R., 2018b. Degenerative cervical 
myelopathy. Br. Med. J. 360. https://doi.org/10.1136/bmj.k186.

Edwards, R., Gibson, J., Mungin-Jenkins, E., Pickford, R., Lucas, J.D., Jones, G.D., 2022. 
A Preoperative Spinal Education intervention for spinal fusion surgery designed 
using the Rehabilitation Treatment Specification System is safe and could reduce 
hospital length of stay, normalize expectations, and reduce anxiety. Bone & Joint 
Open 3 (2), 135–144. https://doi.org/10.1302/2633-1462.32.Bjo-2021-0160.R1.

Fard, A.R., Mowforth, O.D., Yuan, M., Myrtle, S., Lee, K.S., Banerjee, A., Khan, M., 
Kotter, M.R., Newcombe, V.F., Stamatakis, E.A., 2024. Brain MRI changes in 
degenerative cervical myelopathy: a systematic review. EBioMedicine 99. https:// 
doi.org/10.1016/j.ebiom.2023.104915.

Farrokhi, M.R., Salehi, S., Nejabat, N., Safdari, M., Ramezani Abadeh, H., 2024. 
Beneficial effect of repetitive transcranial magnetic stimulation combined with 
physiotherapy after cervical spondylotic myelopathy surgery. J. Clin. Neurophysiol. 
41 (2), 182–187. https://doi.org/10.1097/wnp.0000000000000949.

Fehlings, M.G., Tetreault, L.A., Riew, K.D., Middleton, J.W., Aarabi, B., Arnold, P.M., 
Brodke, D.S., Burns, A.S., Carette, S., Chen, R., Chiba, K., Dettori, J.R., Furlan, J.C., 
Harrop, J.S., Holly, L.T., Kalsi-Ryan, S., Kotter, M., Kwon, B.K., Martin, A.R., 
Wang, J.C., 2017. A clinical practice guideline for the management of patients with 
degenerative cervical myelopathy: recommendations for patients with mild, 
moderate, and severe disease and nonmyelopathic patients with evidence of cord 
compression. Glob. Spine J. 7 (3 Suppl. l), 70s–83s. https://doi.org/10.1177/ 
2192568217701914.

Fehlings, M.G., Wilson, J.R., Yoon, S.T., Rhee, J.M., Shamji, M.F., Lawrence, B.D., 2013. 
Symptomatic progression of cervical myelopathy and the role of nonsurgical 
management: a consensus statement. Spine 38 (22S), S19–S20. https://doi.org/ 
10.1097/BRS.0b013e3182a7f4de.

Feliu-Soler, A., Montesinos, F., Gutiérrez-Martínez, O., Scott, W., McCracken, L.M., 
Luciano, J.V., 2018. Current status of acceptance and commitment therapy for 
chronic pain: a narrative review. J. Pain Res. 2145–2159. https://doi.org/10.2147/ 
jpr.s144631.

Fortin, M., Wilk, N., Dobrescu, O., Martel, P., Santaguida, C., Weber, M.H., 2018. 
Relationship between cervical muscle morphology evaluated by MRI, cervical 
muscle strength and functional outcomes in patients with degenerative cervical 
myelopathy. Musculoskelet Sci Pract 38, 1–7. https://doi.org/10.1016/j. 
msksp.2018.07.003.

Friesen, A.C., Detombe, S.A., Doyle-Pettypiece, P., Ng, W., Gurr, K., Bailey, C., 
Rasoulinejad, P., Siddiqi, F., Bartha, R., Duggal, N., 2024. Characterizing mJOA- 
defined post-surgical recovery patterns in patients with degenerative cervical 
myelopathy. World Neurosurg. X 21, 100267. https://doi.org/10.1016/j. 
wnsx.2023.100267.

Furlan, J.C., 2023. Chapter 18 - nonoperative management of degenerative cervical 
myelopathy. In: Fehlings, M.G. (Ed.), Degenerative Cervical Myelopathy. Academic 
Press, pp. 295–311. https://doi.org/10.1016/B978-0-323-95334-4.00005-X.

Gharooni, A.A., Khan, M., Yang, X., Anwar, F., Davies, B., Kotter, M., 2021. Therapeutic 
repetitive Transcranial Magnetic stimulation (rTMS) for neurological dysfunction in 
Degenerative cervical Myelopathy: an unexplored opportunity? Findings from a 
systematic review. J. Clin. Neurosci. 90, 76–81. https://doi.org/10.1016/j. 
jocn.2021.05.029.

Gharooni, A.A., Kwon, B.K., Fehlings, M.G., Boerger, T.F., Rodrigues-Pinto, R., 
Koljonen, P.A., Kurpad, S.N., Harrop, J.S., Aarabi, B., Rahimi-Movaghar, V., 
Wilson, J.R., Davies, B.M., Kotter, M.R.N., Guest, J.D., 2022. Developing novel 
therapies for degenerative cervical myelopathy [AO spine RECODE-DCM research 
priority number 7]: opportunities from restorative neurobiology. Glob. Spine J. 12 
(1_Suppl. l), 109s–121s. https://doi.org/10.1177/21925682211052920.

Goh, G.S.-H., Liow, M.H.L., Yeo, W., Ling, Z.M., Guo, C.M., Yue, W.M., Tan, S.B., Chen, L. 
T.J., 2019. Poor baseline mental health does not influence improvement in patient- 
reported outcomes, satisfaction, and return to work two years after single-level 
anterior cervical discectomy and fusion. Spine 44 (12), 839–847. https://doi.org/ 
10.1097/brs.0000000000002960.

Grodzinski, B., Stubbs, D.J., Davies, B.M., 2023. Most degenerative cervical myelopathy 
remains undiagnosed, particularly amongst the elderly: modelling the prevalence of 
degenerative cervical myelopathy in the United Kingdom. J. Neurol. 270 (1), 
311–319. https://doi.org/10.1007/s00415-022-11349-8.

Horowitz, J.A., Puvanesarajah, V., Jain, A., Raad, M., Gjolaj, J.P., Shen, F.H., 
Hassanzadeh, H., 2019. Fragility fracture risk in elderly patients with cervical 
myelopathy. Spine (Phila Pa 1976) 44 (2), 96–102. https://doi.org/10.1097/ 
brs.0000000000002762.

Jiang, Z., Davies, B., Zipser, C., Margetis, K., Martin, A., Matsoukas, S., Zipser- 
Mohammadzada, F., Kheram, N., Boraschi, A., Zakin, E., Obadaseraye, O.R., 
Fehlings, M.G., Wilson, J., Yurac, R., Cook, C.E., Milligan, J., Tabrah, J., Widdop, S., 
Wood, L., Tetreault, L., 2023. The frequency of symptoms in patients with a 
diagnosis of degenerative cervical myelopathy: results of a scoping review. Glob. 
Spine J. 0 (0), 21925682231210468. https://doi.org/10.1177/ 
21925682231210468.

Karadimas, S.K., Erwin, W.M., Ely, C.G., Dettori, J.R., Fehlings, M.G., 2013. 
Pathophysiology and natural history of cervical spondylotic myelopathy. Spine 38 
(22S), S21–S36. https://doi.org/10.1097/BRS.0b013e3182a7f2c3.

Kondo, Y., Higuchi, D., Miki, T., Watanabe, Y., Takebayashi, T., 2023. Influence of pain 
self-efficacy and gender on disability in postoperative cervical myelopathy. Pain 
Manag. Nurs. 24 (3), 335–341. https://doi.org/10.1016/j.pmn.2022.12.004.

Lee, Y.G., Kim, S.R., 2023. Predictors of quality of life in patients with degenerative 
cervical myelopathy receiving nonsurgical management due to chronic pain. Pain 
Manag. Nurs. 24 (4), e26–e34. https://doi.org/10.1016/j.pmn.2023.02.007.

Loh, E., Gholamrezaei, G., Alison, D., Ahrens, J., Curt, A., Kalsi-Ryan, S., 2023. Chapter 
13 - defining the position of rehabilitation in the management of degenerative 
cervical myelopathy. In: Fehlings, M.G. (Ed.), Degenerative Cervical Myelopathy. 
Academic Press, pp. 215–229. https://doi.org/10.1016/B978-0-323-95334- 
4.00001-2.

Magagnin, V., Bo, I., Turiel, M., Fornari, M., Caiani, E.G., Porta, A., 2010. Effects of 
robot-driven gait orthosis treadmill training on the autonomic response in 
rehabilitation-responsive stroke and cervical spondylotic myelopathy patients. Gait 
Posture 32 (2), 199–204. https://doi.org/10.1016/j.gaitpost.2010.04.010.

Manzur, M.K., Samuel, A.M., Vaishnav, A., Gang, C.H., Sheha, E.D., Qureshi, S.A., 2023. 
Cervical steroid injections are not effective for prevention of surgical treatment of 
degenerative cervical myelopathy. Glob. Spine J. 13 (5), 1237–1242. https://doi. 
org/10.1177/21925682211024573.

Menon, N., Gupta, A., Khanna, M., Taly, A.B., Thennarasu, K., 2016. Prevalence of 
depression, fatigue, and sleep disturbances in patients with myelopathy: their 
relation with functional and neurological recovery. J. Spinal Cord Med. 39 (6), 
620–626. https://doi.org/10.1179/2045772314Y.0000000284.

Moseley, G.L., Butler, D.S., 2015. Fifteen years of explaining pain: the past, present, and 
future. J. Pain 16 (9), 807–813. https://doi.org/10.1016/j.jpain.2015.05.005.

Moulin, D., Boulanger, A., Clark, A.J., Clarke, H., Dao, T., Finley, G.A., Furlan, A., 
Gilron, I., Gordon, A., Morley-Forster, P.K., Sessle, B.J., Squire, P., Stinson, J., 
Taenzer, P., Velly, A., Ware, M.A., Weinberg, E.L., Williamson, O.D., 2014. 
Pharmacological management of chronic neuropathic pain: revised consensus 
statement from the Canadian Pain Society. Pain Res. Manag. 19 (6), 328–335. 
https://doi.org/10.1155/2014/754693.

Naghdi, N., Elliott, J.M., Weber, M.H., Fehlings, M.G., Fortin, M., 2023. Cervical muscle 
morphometry and composition demonstrate prognostic value in degenerative 
cervical myelopathy outcomes. Front. Neurol. 14, 1209475. https://doi.org/ 
10.3389/fneur.2023.1209475.

Naghdi, N., Elliott, J.M., Weber, M.H., Fehlings, M.G., Fortin, M., 2024. Morphological 
changes of deep extensor neck muscles in relation to the maximum level of cord 
compression and canal compromise in patients with degenerative cervical 
myelopathy. Glob. Spine J. 14 (4), 1184–1192. https://doi.org/10.1177/ 
21925682221136492.

Nouri, A., Tetreault, L., Singh, A., Karadimas, S.K., Fehlings, M.G., 2015a. Degenerative 
cervical myelopathy: epidemiology, genetics, and pathogenesis. Spine (Phila Pa 
1976) 40 (12), E675–E693. https://doi.org/10.1097/brs.0000000000000913.

Nouri, A., Tetreault, L., Zamorano, J.J., Mohanty, C.B., Fehlings, M.G., 2015b. 
Prevalence of klippel-feil syndrome in a surgical series of patients with cervical 
spondylotic myelopathy: analysis of the prospective, multicenter AOSpine north 
America study. Glob. Spine J. 5 (4), 294–299. https://doi.org/10.1055/s-0035- 
1546817.

R.V. Chauhan et al.                                                                                                                                                                                                                            Brain and Spine 5 (2025) 104275 

7 

https://doi.org/10.1016/j.gaitpost.2024.02.014
https://doi.org/10.1016/j.gaitpost.2024.02.014
https://doi.org/10.1152/jn.00159.2021
https://doi.org/10.1152/jn.00159.2021
https://doi.org/10.1038/s41393-024-00965-y
https://doi.org/10.1038/s41393-024-00965-y
https://doi.org/10.1071/HC24180
https://doi.org/10.1071/HC24180
https://doi.org/10.3389/fbioe.2020.00108
http://refhub.elsevier.com/S2772-5294(25)00094-3/sref13
http://refhub.elsevier.com/S2772-5294(25)00094-3/sref13
https://doi.org/10.1136/bmj.j3221
https://doi.org/10.3171/2021.11.SPINE211260
https://doi.org/10.1136/bmjopen-2019-031486
https://doi.org/10.1136/bmjopen-2019-031486
https://doi.org/10.1186/s12874-018-0529-3
https://doi.org/10.1177/21925682211050927
https://doi.org/10.1177/21925682211050927
https://doi.org/10.1136/bmj.k186
https://doi.org/10.1302/2633-1462.32.Bjo-2021-0160.R1
https://doi.org/10.1016/j.ebiom.2023.104915
https://doi.org/10.1016/j.ebiom.2023.104915
https://doi.org/10.1097/wnp.0000000000000949
https://doi.org/10.1177/2192568217701914
https://doi.org/10.1177/2192568217701914
https://doi.org/10.1097/BRS.0b013e3182a7f4de
https://doi.org/10.1097/BRS.0b013e3182a7f4de
https://doi.org/10.2147/jpr.s144631
https://doi.org/10.2147/jpr.s144631
https://doi.org/10.1016/j.msksp.2018.07.003
https://doi.org/10.1016/j.msksp.2018.07.003
https://doi.org/10.1016/j.wnsx.2023.100267
https://doi.org/10.1016/j.wnsx.2023.100267
https://doi.org/10.1016/B978-0-323-95334-4.00005-X
https://doi.org/10.1016/j.jocn.2021.05.029
https://doi.org/10.1016/j.jocn.2021.05.029
https://doi.org/10.1177/21925682211052920
https://doi.org/10.1097/brs.0000000000002960
https://doi.org/10.1097/brs.0000000000002960
https://doi.org/10.1007/s00415-022-11349-8
https://doi.org/10.1097/brs.0000000000002762
https://doi.org/10.1097/brs.0000000000002762
https://doi.org/10.1177/21925682231210468
https://doi.org/10.1177/21925682231210468
https://doi.org/10.1097/BRS.0b013e3182a7f2c3
https://doi.org/10.1016/j.pmn.2022.12.004
https://doi.org/10.1016/j.pmn.2023.02.007
https://doi.org/10.1016/B978-0-323-95334-4.00001-2
https://doi.org/10.1016/B978-0-323-95334-4.00001-2
https://doi.org/10.1016/j.gaitpost.2010.04.010
https://doi.org/10.1177/21925682211024573
https://doi.org/10.1177/21925682211024573
https://doi.org/10.1179/2045772314Y.0000000284
https://doi.org/10.1016/j.jpain.2015.05.005
https://doi.org/10.1155/2014/754693
https://doi.org/10.3389/fneur.2023.1209475
https://doi.org/10.3389/fneur.2023.1209475
https://doi.org/10.1177/21925682221136492
https://doi.org/10.1177/21925682221136492
https://doi.org/10.1097/brs.0000000000000913
https://doi.org/10.1055/s-0035-1546817
https://doi.org/10.1055/s-0035-1546817


Overley, S.C., Kim, J.S., Gogel, B.A., Merrill, R.K., Hecht, A.C., 2017. Tandem spinal 
stenosis: a systematic review. JBJS Rev. 5 (9), e2. https://doi.org/10.2106/jbjs. 
rvw.17.00007.

Plener, J., Mior, S., Atkinson-Graham, M., Hogg-Johnson, S., Côté, P., Ammendolia, C., 
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