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ABSTRACT
Introduction  Degenerative cervical myelopathy (DCM) 
is the most common cause of spinal cord impairment. 
Unfortunately, the condition remains poorly recognised 
and underdiagnosed. To better identify patients, screening 
tests that target individuals at high risk would be helpful. 
One group in particular known to have a high prevalence 
of DCM consists of patients with lumbar degenerative 
disease (LDD), with the combined presentation referred 
to as tandem stenosis. Given that LDD is one of the most 
common presentations in neurosurgical practice and 
primary care, it is the objective of the proposed study 
to administer a screening test to these patients as well 
as those with risk factors or symptoms which raise the 
suspicion of underlying DCM.
Methods and analysis  A screening test based on clinical 
signs/symptoms and known risk factors of DCM was 
designed. Screening will be performed in neurosurgical 
consultations for patients with LDD or those with any 
suspicion of myelopathy. Points are attributed based on 
the presence of signs/symptoms of DCM (eg, Hoffmann 
sign, hyper-reflexia) and for comorbidities that predispose 
or are frequently associated with cervical myelopathy 
(eg, rheumatoid arthritis, carpal tunnel syndrome). 
Patients with ≥3 points undergo cervical MRI examination. 
Patients with positive MRIs will be consulted and receive 
assessment via modified Japanese Orthopedic Association 
and Neck Disability Index scores, and subsequent clinical 
management will be based on practice guidelines. An 
exploratory multivariate analysis of the effectiveness and 
efficiency of this proposed screening test will be evaluated 
after positively screening 50 patients for DCM.
Ethics and dissemination  This study has received 
research ethics approval from the Swiss Association of 
Research Ethics Committees (ID: 2020-02785). The results 

of this study will be disseminated in a journal targeting 
physicians commonly encountering patients with LDD.

INTRODUCTION
Degenerative cervical myelopathy (DCM) is the 
most common cause of spinal cord injury, often 
presenting in a progressive manner. DCM is 
caused by arthritic changes of the cervical spine 
that encompasses varying degrees of disc degen-
eration, deformation of the vertebral bodies and 
changes in the ligamentous support structure, 
which results in narrowing of the spinal canal 
and spinal cord injury due to static and dynamic 
compression.1 2 Patients with DCM can present 
with a wide range of neurological deficits 
including motor and sensory deficits (including 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Screening for degenerative cervical myelopathy 
(DCM) will be principally undertaken for patients 
with lumbar spine pathology, with a target study en-
rolment of 600 patients.

	⇒ The screening tool assesses common clinical signs, 
symptoms and risk factors present in patients with 
DCM, and indicates whether there is a clinical need 
for further evaluation of DCM via a cervical MRI.

	⇒ The choice of signs, symptoms and risk factors in-
cluded in the screening process is based on clinical 
evidence and supporting literature.

	⇒ Points are attributed for the presence of signs, 
symptoms and risk factors, and patients with 3 or 
more points are advised to have a cervical MRI.  on S
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sphincter dysfunction in severe cases), walking instability (or 
gait impairment), and numerous signs of spinal cord dysfunc-
tion including hyper-reflexia and clonus.3 The initial onset 
of noticeable symptoms for patients may include numbness 
and loss of dexterity of the hands. Other patients may present 
with walking and stability issues that may initiate the search 
for an underlying pathology. Although some patients may 
suffer from osteoarthritic neck pain, spinal cord injury and 
dysfunction is often painless, and patients with slowly progres-
sive symptoms often attribute these neurological deficits to 
their age. In younger patients, or those who require fine 
motor skills and sensory function for regular activities, such 
as musicians, changes in function may be recognised earlier.

Despite being largely under-recognised by the general 
medical community, there are efforts to alert the medical field 
about the importance and relatively commonness of DCM. 
However, there remains an ongoing issue related to how indi-
viduals with mild symptoms of DCM, which are unlikely to 
be diagnosed, can be identified. This is an important knowl-
edge gap as it has been recognised that referral delays play 
a contributing role in the severity of DCM that arrives for 
consultations with a specialist.4 5 It is also evident with the rise 
in central cord syndromes among the elderly due to falls6 
that many of these patients likely suffered from undiagnosed 
DCM or significant cervical canal stenosis, which may have 
contributed to their initial fall. Indeed, it has also been shown 
that nearly one in five patients with femoral neck fractures 
have been identified with undiagnosed DCM.7

Screening tools present an attractive tool for improving the 
diagnosis of DCM. Two screening tools have been proposed 
so far;8 9 however, these are based on questionnaires, target 
the general population and have not yet been validated. A 
more specific approach would be to target high-risk patients, 
such as those who are already followed in clinic for lumbar 
radiculopathy or stenosis. Indeed, the prevalence of tandem 
stenosis (both lumbar and cervical stenosis) has been esti-
mated between 5% and 28%.10 11 These patients already 
consulted a specialist and as a consequence undergo expert 
clinical examination. Furthermore, some of the patients with 
lumbar degenerative disease (LDD) may undergo lumbar 
decompression in the prone position. Early postoperative 
neurological deterioration related to surgical positioning or 
anaesthetic manoeuvres is described in literature.12 Recog-
nition of DCM before a lumbar surgical procedure might 
prevent this unexpected complication. In light of this, a 
screening tool to unmask undiagnosed degenerative cervical 
myelopathy tailored for this population is highly desirable.

METHODS
Design and identification of population to be screened
In order to develop an effective screening tool based on 
clinical symptoms and history, a large number of individ-
uals with a high risk of subclinical or mild myelopathy 
need to be within the screened population. Patients with 
lumbar radiculopathy/stenosis represent the optimal 
cohort of patients to screen given the high prevalence of 
tandem stenosis. This condition also represents the most 

common problem present in our neurosurgical prac-
tice and therefore a large volume of individuals can be 
screened. Each new patient or patient actively followed 
for lumbar radiculopathy will be screened consecu-
tively. In addition, at the discretion of the physician, the 
screening may be carried out as well on patients who 
describe symptoms or present with clinical signs sugges-
tive of myelopathy. The envisioned clinical pathway of 
screened patients is presented in figure 1—with the ratio-
nale further discussed in the following sections. Patients 
will be excluded from screening if they are <18 years of 
age, were previously operated in the cervical spine, have 
known metastatic spine disease, are pregnant or prisoners.

The study will be conducted at multiple centres within 
Europe and the USA. The study began enrolling patients 
in February 2021 and is expected to be completed within 
3 years (February 2024).

Identification of symptoms and signs of DCM to be screened
The list of symptoms and signs with which patients can 
present with myelopathy is listed in table  1. While all 
of these symptoms and signs can be present in patients 
with DCM, the complete list rarely presents together 
unless patients are severely affected, and patients typically 
present with a subset of these. The prevalence of signs 
in patients with and without myelopathy has been previ-
ously reported (table 2).13 As is evident from this list, false 
positives also occur in patients without myelopathy. The 
combinations of symptoms and signs most appropriate 
for screening are those that are highly sensitive. However, 
given that patients are presenting to neurosurgical 
consultation, tests with high specificity are also desirable. 
The most appropriate symptoms and signs to incorporate 
into the screening tool were discussed among 11 neuro-
surgeons, and consensus for the use of symptoms was 
required for incorporation.

Identification of risk factors or comorbidities to be screened
Patients with DCM often present with symptoms that are 
indicative of other conditions, and may thus be inad-
vertently referred for these problems. In other cases, 
patients may suffer from both conditions, as with tandem 
stenosis. Furthermore, there are some comorbidities that 
are known to exist in patients with DCM, unfortunately 
however, the literature remains sparse. Based on previous 
publications1 14–17 and anecdotal knowledge, a list of 
comorbidities, risk factors or symptoms/signs relevant for 
screening DCM is listed in box 1.

Screening criteria and identifying the threshold for further 
investigation
Once patients screen positive for a potential diagnosis 
of DCM, the typical next step in the diagnostic process 
includes cervical imaging via MRI, and in some cases 
electrophysiological examination may be undertaken. 
However, as has been shown in the literature, false posi-
tive signs such as hyper-reflexia or a positive Hoffmann 
sign may be present in patients without myelopathy.13 18 
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Furthermore, it is also known that a large proportion of 
the population, particularly elderly patients, can present 
with asymptomatic spinal cord compression.19 20 It is thus 
imperative to devise a screening tool that is based on a 
combination of clinical symptoms and signs, and patient 
history. We therefore propose that patients must have 3 
or more points in our screening checklist displayed in 

table 3. All positive findings are given 1 point, with the 
exception of bilateral carpal tunnel syndrome, which will 
be attributed 2 points.

As the individuals under screening are principally those 
referred for lumbar disc disease or stenosis, symptoms 
and signs that are related to this, such as lower limb radic-
ular symptoms, motor weakness in the legs and sensory 
problems in the lower limbs, were not included in the 
screening to avoid falsely attributing points for non-
cervical pathology.

Clinical pathway of patients after screening
As outlined in figure 1, after a positive screen, the patients 
will undergo a cervical MRI. If no cord compression is 
seen, the patients are informed of this over the phone. 
If they should have nerve root compression, a follow-up 
can be scheduled based on the clinical presentation of 
the patient, whereas no follow-up is required in asymp-
tomatic patients. Should patients have cord compression 
with or without cord signal changes suggestive of possible 
spinal cord injury, a new consultation will be arranged. In 
equivocal cases, additional examination may be required 

Figure 1  Flow chart showing the clinical pathway of screened patients. DCM, degenerative cervical myelopathy; mJOA, 
modified Japanese Orthopedic Association; NDI, Neck Disability Index.

Table 1  Clinical symptoms and signs

Clinical symptoms Clinical signs

Motor deficits Inverted brachioradialis reflex

Numbness of hands Hoffmann sign

Loss of hand dexterity Ankle clonus

Hypothenar/thenar atrophy Babinski sign

Incontinence Spasticity

Clumsy hands Hyper-reflexia

Subjective weakness Romberg sign

Paresthesia Gait ataxia

Walking instability Lhermitte’s phenomenon
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such as flexion/extension MRI or electrophysiological 
examination to establish a positive screen for DCM. The 
determination of a diagnosis of DCM will be left at the 
discretion of the supervising physician considering the 
totality of clinical examination and data available. Once 
a determination has been made, a consultation will be 
undertaken where a modified Japanese Orthopedic Asso-
ciation (mJOA)21 and Neck Disability Index22 scores will 
be gathered. Patients will then be classified based on their 
level of neurological severity, separated in mild, moderate 
and severe impairment based on the mJOA scale.23 Subse-
quent management of patients thereafter will be based 
on practice guidelines for the management for mild, 
moderate and severe DCM.24

In some instances, it is possible that a patient has already 
received a cervical MRI for other reasons; if such an MRI 

has been undertaken within the preceding 6 months, it 
may be used instead of a new MRI if the patient has not 
remarked a recent change in symptoms.

Refinement of screening tool
After having obtained at least 50 patients with a confirmed 
diagnosis of DCM, a statistical analysis will be undertaken 
to investigate which positive factors and the number 

Table 2  Prevalence of signs in patients with DCM, taken from Rhee et al.13

CM (n=39) Control (n=37) P value* Sensitivity Specificity

Any (≥1) myelopathic sign 79% 57% 0.05† 79% 43%

Any (≥1) provocative sign 69% 32% 0.003† 69% 68%

Hoffmann 59% 16% 0.0001† 59% 84%

IBR 51% 19% 0.004† 51% 81%

Babinski 13% 0% 0.05† 13% 100%

Clonus 13% 0% 0.05† 13% 100%

Any (≥1) hyper-reflexia 72% 57% 0.2 72% 43%

Biceps 62% 51% 0.5 62% 49%

Triceps 36% 22% 0.2 36% 78%

Brachioradialis 21% 11% 0.3 21% 89%

Patella 33% 24% 0.5 33% 76%

Achilles 26% 19% 0.6 26% 81%

No myelopathic signs 21% 43% 0.05† 21% 57%

*Fisher’s exact test.
†Indicates statistical significance at the 0.05 level.
CM, Cervical Myelopathy; DCM, degenerative cervical myelopathy; IBR, inverted brachioradialis reflex.

Box 1  Important presentations and comorbidities 
frequently encountered in patients with degenerative 
cervical myelopathy

Referral for:
	⇒ Cervical pain
	⇒ Cervical radiculopathy
	⇒ Lumbar radiculopathy
	⇒ Lumbar stenosis
	⇒ Carpal tunnel syndrome

History of:
	⇒ Rheumatoid arthritis
	⇒ Klippel-Feil syndrome
	⇒ Parkinson’s disease
	⇒ Ehlers-Danlos syndrome
	⇒ Diffuse idiopathic skeletal hyperostosis
	⇒ Carpal tunnel syndrome

Table 3  Screening test for DCM

Signs Points Comorbidity Points

Hyper-reflexia 1 Rheumatoid 
arthritis

1

Hoffmann sign 1 Klippel-Feil 
syndrome

1

Ankle clonus 1 Carpal tunnel 
syndrome*

1 or 2

Neck pain 1

Babinski sign 1  �

Upper limb hypoesthesia/
paresthesia

1

Inverted brachioradialis 
reflex

1  �

Gait ataxia 1  �

Hand clumsiness/dropping 
items

1  �

Romberg sign 1

Total Total

*1 point for unilateral carpal tunnel surgery/diagnosis, 2 
points if bilateral.
DCM, degenerative cervical myelopathy.
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of positive factors that are present in patients with a 
confirmed diagnosis of DCM. The screening tool and 
the threshold of symptoms, signs and patients’ history 
necessary before considering patients as having a positive 
screen will then be re-evaluated.

Statistical analysis
It is difficult to identify the number of patients needed to 
screen in order to obtain 50 positive screening results, as the 
initial study is exploratory. Furthermore, it is difficult to say 
whether 50 positive screens will provide sufficient data to 
perform a rigorous analysis. Having said this, if we estimate 
that 10% of patients with LDD have DCM, and that 20% of 
these patients will be lost to follow-up, 600 patients would 
need to be screened to achieve 50 positive cases.

It is our aim to perform a multivariate logistic regres-
sion analysis where positive and negative screens will be 
the dependent variable, and individuals’ risk factors or 
positive clinical signs will be independent variables. Age 
and other demographic factors such as smoking may also 
be assessed as independent factors to improve the diag-
nostic capacity of the multivariable model.

Evaluation of the efficacy of the predictors to identify 
positive screens will be based on the area on the receiver 
operating characteristic curve and also on their clinical 
utility. For example, a highly predictive factor with a prev-
alence of 1 or 2 among the 50 positive cases may not be 
sufficiently useful for screening.

Additionally, economic evaluation of screening will be 
carried out by dividing the cost of all MRI examinations 
by the number of patients diagnosed to determine the 
cost per positive diagnostic screen.

Patient and public involvement
No patients or members of the public were involved.

Ethics and dissemination
All patients will be informed about the study objectives and 
details, and informed consent will be obtained. Patients will 
not undergo any harmful examination or additional radia-
tion exposure as a consequence of this screening; however, 
patients may receive a diagnosis for a condition they may not 
have been aware of. While being informed that they may have 
DCM may provoke anxiety, knowing that patients with DCM 
are likely to progress and may be irreversibly harmed suggests 
that providing the opportunity to address this is ultimately in 
the patient’s best interest. This study has received research 
ethics approval from the Swiss Association of Research Ethics 
Committees (ID: 2020-02785).

The results of this study will be disseminated in a 
journal targeting physicians commonly encountering 
patients with LDD. In addition, depending on the effec-
tiveness and efficiency of our screening test, we will share 
our findings at national and international conferences.

Limitations and special considerations
It is possible that for a positive screen, the cervical MRI 
may be equivocal and that further examination will be 
necessary via electrophysiological testing, particularly 

for patients with carpal tunnel syndrome, Parkinson’s 
disease or other neurological conditions (eg, cerebral 
stroke), which may increase the risks of false positives. 
Other common conditions such as diabetes mellitus may 
also perturbate the neurological clinical presentation 
and may limit the efficacy of the screening tool. In rare 
circumstances, it may also be possible that symptoms may 
be the result of cord compression in the thoracic region. 
However, given the relative rarity of thoracic myelopathy,25 
it is believed that this will be an exceptional circumstance. 
Finally, as patients are undergoing a consultation for 
lumbar problems, they may not be inclined to undertake 
testing for their cervical spine even though there is a high 
suspicion for a problem and it is thus possible that while 
positive screens are made, confirmation via imaging may 
not always be achievable.
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