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Abstract
Study Design: Narrative Review.

Objectives: The objective of this review is to provide a stepwise approach to the assessment of patients with potential
symptoms of degenerative cervical myelopathy (DCM).

Methods: N/A

Results: DCM is an overarching term used to describe progressive compression of the cervical spinal cord by age-related
changes to the spinal axis. These alterations to normal anatomy narrow the spinal canal, reduce the space available for the spinal
cord, and may ultimately compress the ascending and descending neural tracts. Patients with DCM present with a wide range of
symptoms that can significantly impact quality of life, including bilateral hand numbness and paresthesia, gait impairment, motor
weakness of the upper and lower extremities, and bladder and bowel dysfunction. Unfortunately, DCM is often misdiagnosed,
resulting in delayed assessment and management by the appropriate specialist. The proper evaluation of a patient with suspected
DCM includes obtaining a detailed patient history, conducting a comprehensive neurological examination, and ordering ap-
propriate tests to rule in or out other diagnoses.

Conclusion: This review summarizes a stepwise approach to the diagnosis of patients with DCM.
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Introduction

Degenerative cervical myelopathy (DCM) is an overarching
term used to describe progressive compression of the cervical spinal
cord by age-related changes to the spinal axis." These changes
include facet arthropathy, spondylosis, and disc degeneration;
subluxation of the vertebral bodies; and hypertrophy, ossifi-
cation, or calcification of the supporting ligaments.” These
alterations to the normal anatomy narrow the spinal canal,
reduce the space available for the spinal cord, and may ulti-
mately compress the ascending and descending neural tracts.’
In addition to static spinal cord compression, hypermobility and
instability of the spinal column may cause chronic, repetitive
injury to the neural elements. Injury to the spinal cord, whether
through static or dynamic mechanisms, initiates a series of
pathological events, including vascular changes, neuro-
inflammation, disruption of the brain—spinal cord barrier, and
apoptosis.*> These cellular events subsequently result in de-
myelination, neuronal loss, and astrogliosis.

In a systematic review of the literature, Boogaarts and
Bartels® (2013) were unable to identify studies discussing the
incidence or prevalence of DCM. They did, however, estimate
that 1.6 per 100, 000 individuals in their area were operated on
for symptomatic cervical spondylotic myelopathy. Similarly,
in a study by Kokubun et al” (1996), the annual rate of surgical
intervention for individuals with DCM was 5.7 per 100, 000
residents in a northeastern region of Japan (estimated pop-
ulation 2.6 million). Finally, Nouri et al® (2015) estimated the
incidence and prevalence of DCM to be at least 41 and 605 per
million, respectively, in North America. Although the exact
incidence and prevalence of DCM are unknown, it is antic-
ipated that, with an aging population, clinicians worldwide
will be expected to manage an increasing number of patients
with degenerative spine disease.® As a result, there needs to be
an improved understanding of the diagnosis, assessment, and
monitoring of this condition.

DCM is often misdiagnosed, resulting in delayed assessment
and management by the appropriate specialist. In a systematic
review by Karadimas et al’ (2013), moderate evidence suggested
that approximately 20 to 62% of patients with DCM exhibit
clinical deterioration by 3 to 6 years if not managed surgically.
Given the potential for disease progression, a diagnosis must be
made promptly and patients should be referred in a timely fashion
to an appropriate specialist. In a study by Behrbalk et al'® (2013),
the mean time to diagnosis of DCM was 2.242.3 years (range
1.7 months to 8.9 years) after the first physician visit. Further-
more, patients, on average, attended 5.2+3.6 physician visits with
DCM-related complaints before obtaining a diagnosis. DCM was
commonly mistaken for carpal tunnel syndrome and cervical
radiculopathy without neurological deficit. Finally, a study by
Radcliff et al'' (2016) identified a higher incidence of

undiagnosed cervical myelopathy among patients with hip
fractures compared to a control population.

The objectives of this review are to provide a stepwise
approach to the assessment of patients with potential symp-
toms of DCM.

Assessment of Patients With Potential Symptoms
of DCM

A proper assessment of a patient with suspected DCM in-
cludes obtaining a detailed patient history, conducting a
comprehensive neurological examination, and ordering ap-
propriate tests to rule in or out other diagnoses. This section
will summarize a stepwise approach to the evaluation of
patients with potential symptoms of DCM.

Obtain a Detailed Patient History

It is estimated that 70 to 90% of medical diagnoses can be
made by history alone.'? Important principles for taking a
medical history include to (i) ask a combination of open-ended
and specific questions; (ii) provide adequate time for a patient
to respond; (iii) actively listen and ask for clarification when
necessary; and (iv) avoid medical jargon.'? Table 1 summa-
rizes important open-ended and specific questions that should
be asked to a patient with suspected DCM.

According to a systematic review by Kim et al'® (2013),
there are several diagnoses that can mimic DCM, including
amyotrophic lateral sclerosis (ALS), peripheral nerve en-
trapment, and vitamin B12 deficiency. Furthermore, any
process that compresses or damages the neural tracts within
the spinal cord can also present like DCM. These differential
diagnoses can be divided into compressive and non-
compressive myelopathies and can often be distinguished
based on medical history (Table 2).

Perform a Comprehensive Physical Examination

A physical examination that assesses motor and sensory
function, coordination, reflexes, and tone is required to identify
and localize problems of the nervous system. A complete
neurological examination also consists of assessment of the
cranial nerves and mental status; however, these components
are not relevant to the evaluation of suspected DCM and will
not be discussed in this article. They must be considered in
cases where other potential diagnoses should be excluded.
DCM presents as bilateral motor and/or sensory deficits in
the upper and lower extremities without facial involvement.
Furthermore, patients with DCM have a combination of lower
and upper motor neuron signs. Lower motor neuron signs can
be localized to a particular level as they are caused by
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Table I. A Summary of Important Open-Ended and Specific Questions to Ask a Patient with Suspected Degenerative Cervical Myelopathy.

Open-ended questions
* What brings you in today?

* When did your symptoms start? When was the first time you noticed your symptoms, even in a milder form than they are today?

* Have your symptoms gotten worse over time?

* Was there anything in particular you were doing when your symptoms started?
* Have you tried anything to relieve your symptoms? Has anything improved your symptoms?

* What makes your symptoms worse?

* Is there a particular time of day when your symptoms are worse!
* How do your symptoms affect your quality of life and activities of daily living?

Myelopathy-specific questions
A. Upper extremity symptoms
* Do you have numbness or tingling in your arms or hands?
* Have you noticed any weakness in your hands?
* Do you often drop things like your phone or your pen?
* Do you have difficulties tying up buttons or your shoelaces?
* Have you noticed a change in your handwriting?
* Do you have difficulties opening jars or bottles?
B. Lower extremity symptoms
* Do you have numbness or tingling in your legs or feet?
* Do you feel unsteady when walking?

* Have you ever lost your balance! Have you ever fallen? Is your balance worse in the dark?
* Do you need to use the handrail when walking up and down the stairs?

* Has anyone mentioned to you that you are walking differently?
C. Bladder and bowel symptoms and sexual function

* Have you ever had a hard time urinating despite having the need to?

* Do you ever get a strong urge to urinate with little warning?
* Have you ever lost control of your bladder?
* Have you ever lost control of your bowel?

* Do you ever experience difficulties with sexual performance? Have you taken any medications to enhance your sexual performance?

D. Pain

* Do you have any pain in your neck, shoulders, or arms? If yes, can you describe the pain? Does the pain radiate anywhere? Is the pain
constant or does it come and go? What makes the pain worse? What makes the pain better? Is the pain worse when lying down, sitting, or

standing?

* If you put your chin to your chest, do you have the sensation that there is an electrical shock moving down your spine or into your arms?

Specific questions that may point to an alternative diagnosis

* Do you suffer from headaches?

* Have you noticed any changes in your vision (eg, blurred vision, sensitivity to light, or changes in color perception)?

* Do you have trouble swallowing!

* Has anyone mentioned to you that your voice has changed?
* Do you have any tingling or numbness in your face!

* Do you have difficulty hearing or ringing in your ears?

* Have you noticed any changes in your memory?

* Have you ever lost consciousness?

* Have you ever had a seizure!

compression of specific nerve roots as they leave the spinal
canal. In contrast, upper motor neuron signs are elicited below
the level of the lesion. Table 3 summarizes important com-
ponents of the physical examination for DCM and outlines the
differences between upper and lower motor neuron signs.
Figure 1 provides an overview of the clinical pathway to the
diagnosis of DCM.

Acquire Imaging of the Cervical Spinal Axis and Cord

If DCM is suspected from a patient’s history and physical
examination, the next best step is to acquire imaging of the
cervical spinal axis and cord (Figure 2).

Plain Radiographs

Plain radiographs are generally the initial imaging modality
for evaluating a patient with suspected DCM.' Although
radiographs cannot visualize the spinal cord, they provide
versatile two-dimensional views of the spinal axis that can
depict various sources of pathology.'* For example, lateral
radiographs are useful for evaluating spinal alignment and
disc spaces. The swimmer’s view can be obtained if C7 to T1
cannot be visualized on a normal lateral image.'> Anterior—
posterior radiographs are useful for identifying uncovertebral
joint spurs and assessing the vertebral bodies, intervertebral
spaces, and pedicles. Finally, right and left oblique views
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Table 2. Distinguishing Differential Diagnoses of Degenerative Cervical Myelopathy through Medical History.

Type of myelopathy Differential diagnosis

Important clues in the medical history

Compressive
myelopathies

Non-compressive
myelopathies

Trauma

Spinal dural arteriovenous malformation
Epidural hematoma

Neoplasms, including meningioma, epidural
metastasis, schwannoma, astrocytoma,
ependymoma, and hemangioblastoma

Spinal epidural abscess

Syringomyelia

Chiari malformations

Spinal cord infarction

Nutritional deficiencies (vitamin BI2 or vitamin E)

Copper deficiency
Infectious myelitis (HIV, HTLV-I, Lyme disease,

tertiary syphilis, and schistosomiasis)

Transverse myelitis

Neurosarcoidoisis

Radiation-induced myelopathy
Metabolic and toxic myelopathies

*Sudden onset of neurological symptoms following a traumatic
event

+Difficult to distinguish on history alone

*Recent history of a procedure that involves a spinal dural
puncture

*Medical history of thrombocytopenia or bleeding disorders

*Current use of anti-platelets or anticoagulants

*Presents as severe localized pain followed by loss of sensory,
motor, and autonomic function

*Known primary tumor

*May have non-specific, constitutional symptoms such as fatigue,
weight loss, and malaise

+Difficult to distinguish on history alone

*Recent spinal surgery or another invasive spinal procedure

*Medical history of diabetes, HIV, or alcoholism

*May have fever

*Medical history of a Chiari malformation

*May also be post-infectious, post-inflammatory, or post-
traumatic

*May have loss of sensitivity to pain and temperature in neck,
shoulders, forearms, or hands

*May have headache, facial numbness, or thoracic kyphoscoliosis

*May have an occipital headache, cranial nerve palsies, severe
neck pain, or cerebellar symptoms

*Recent surgery involving the aorta

*Recent episode of severe hypotension or cardiac arrest

*Medical history of atherosclerosis, hypercoagulable disorders,
vasculitis, or embolism

*Medical history of gastric malabsorption syndromes (eg,
Crohn’s disease, pernicious anemia, cholestatic hepatobiliary
disease, pancreatic insufficiency, and short-bowel syndrome),
abetalipoproteinemia, or tapeworm infection

*Personal history of veganism or reduced vitamin intake

*Additional symptoms vary depending on specific nutritional
deficiency

*Recent history of gastrointestinal surgery or excessive zinc
ingestion

*History of recent viral infection

*Recent travel history

*May have fever, headache, or meningism

*Additional symptoms vary depending on type of infection

*Medical history of multiple sclerosis, neuromyelitis optica,
systemic lupus erythematous, mixed connective tissue
disease, Sjogren’s syndrome, scleroderma, antiphospholipid
syndrome, or rheumatoid arthritis

*Symptoms often develop rapidly over several hours

*May have other systemic symptoms

*Symptoms often depend on whether the brain, spinal cord, or
cranial nerves are affected

*May also present with symptoms similar to diabetes insipidus,
hypopituitarism, optic neuritis, and meningitis

*History of radiation therapy 2 to |2 months ago

*History of clioquinol use or substance abuse (eg, heroin and
nitrous oxide)

*Recent immigration from a third world country
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Table 3. Relevant Components of the Neurological Examination in Patients with Suspected Degenerative Cervical Myelopathy.

Description

Lower motor neuron signs in
degenerative cervical
myelopathy

Upper motor neuron signs in
degenerative cervical myelopathy

Motor exam
Inspection

Assessment of
muscle tone

Functional testing

Evaluate the
strength of
individual
muscle groups

Assess the reflexes

Assess
coordination

Inspect several muscle groups for wasting,
fasciculations, tremors, or any other
involuntary movements. Observe
posture and spinal alignment

Ask the patient to relax, passively move
each limb at multiple joints, and feel for
any resistance to movement

Check for pronator drift by asking a patient
to hold up both of their arms with
forearms in supination and close their
eyes for 30 seconds. A positive testis one
in which the forearm protonates with or
without a downward shift. Check rapid
finger tapping

Assess the strength of a muscle group that
corresponds with each nerve root.
Evaluate for any differences in strength
between the right and left side. Strength
is rated from O to 5.

0/5: No contraction

1/5: Muscle flicker, but no movement

2/5: Movement possible, but not against
gravity

3/5: Movement possible against gravity, but
not against resistance by the examiner

4/5: Movement possible against some
resistance by examiner

5/5: Normal strength

Assess each deep tendon reflex using a
reflex hammer and compare with the
contralateral side to detect any
asymmetries.

0: Absent reflex

|+: Trace or seen only with reinforcement

2+: Normal

3+: Brisk

4+: Non-sustained clonus

5+: Sustained clonus

Evaluate a patient’s ability to accurately
perform the finger-to-nose and heel to
shin tests

None Fasciculations or atrophy of
muscles in the upper
extremities. Myelopathic
hand

Reduced tone of the muscles
supplied by the
compressed nerve root

N/A

Increased tone below the level of spinal
cord compression.

Lower limb spasticity

Positive pronator drift.

Slowed finger tapping

Pyramidal distribution of weakness;
weakness in the extensors of the upper
extremities and flexors of the lower
extremities

Reduced strength in the
muscles supplied by the
compressed nerve root

Hyperreflexia of deep tendon reflexes or Hyporeflexia or absent

clonus. reflexes.
Spreading of reflexes to other muscles Downgoing plantar
not directly being tested. responses

Crossed adduction of the opposite leg
when the medial aspect of the knee is
tapped.

Flexion and adduction of the thumb when
flicking the middle fingernail downward
(Hoffmann’s sign).

Hyperactive finger flexion when eliciting
the brachioradialis reflex (Inverted
supinator sign).

Hyperreflexive shoulder adduction and
internal rotation when stimulating the
pectoralis tendon.

Hyperreflexive knee extension when
stimulating the suprapatellar tendon of
the quadriceps.

Upgoing plantar responses

A patient may not be able to perform these tests accurately due to
weakness in the upper or lower extremities

(continued)
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Table 3. (continued)

Upper motor neuron signs in

Lower motor neuron signs in
degenerative cervical

Description degenerative cervical myelopathy myelopathy
Observe gait Assess a patient’s walking Broad-based unstable gait.
Spastic gait.
Positive Romberg’s sign.
Impaired tandem gait
Sensory exam
Evaluate sensation Evaluate a patient’s response to pinprick, N/A N/A

temperature, light touch, vibration and
proprioception to assess the integrity of
the spinothalamic tracts, dorsal columns,
and peripheral sensory nerves

display the neural foramina as well as uncovertebral and facet
joints.

Radiographs provide useful information on bone quality,
cervical alignment, and can identify osteophytes, spondylosis
as well as ossification of the posterior longitudinal ligament.'*
Spinal alignment is best evaluated under load-bearing con-
ditions (eg, while sitting or standing), which cannot be
achieved in traditional computed tomography or magnetic
resonance imaging (MRI) scanners.'* Specific measurements
of cervical alignment include cervical lordosis, sagittal plane
translation, and horizontal gaze. Cervical lordosis is assessed
by computing the C1 or C2 to C7 Cobb angle; this is done by
measuring the angle between two lines parallel to the C1 or C2
and the C7 inferior plate.'® According to Batzdorf and
Batzdorff, a patient with ideal cervical alignment will have no
portion of the C3 to C6 vertebra cross a line drawn from the
posteroinferior aspect of the C2 vertebral body to the pos-
terioinferior aspect of the C7 vertebral body.'® Sagittal plane
translation is evaluated by computing the distance between
the C2 or C7 plumb line and the posterior superior corner of
the sacrum.'® Regional cervical sagittal alignment is often
computed by drawing a plumb line from the center of C2 to
the posterior superior aspect of C7. Horizontal gaze is also a
useful measure of cervical lordosis and is assessed by the
chin-brow vertical angle.'” This angle is measured between a
vertical line from the forehead and a line drawn between the
eyebrow and chin. Finally, T1 slope is the angle between a
line along the superior endplate of T1 and a horizontal
reference line.'® Long cassette or three-feet standing ra-
diographs may also be used to assess global spinal alignment
as pathology below the cervical region often impacts cervical
alignment.'®

Radiographic views in flexion and extension postures can
help depict spondylolisthesis as well as cervical instabil-
ity and be used to calculate sagittal range of motion.'* This
information is essential for surgical planning, can influence the
surgical approach, and help decide whether fixation is nec-
essary. Finally, post-operative radiographs are useful for as-
sessing fusion status and the position of bone grafts, pedicle

screws, cages, and plates.'* Postoperative films can also be
compared to preoperative images to evaluate correction of
cervical alignment and issues with instability.

Computed Tomography

Computed Tomography (CT) provides three-dimensional
images of the spinal axis and can help detect bony abnor-
malities and ossification of ligamentous structures. Unfortu-
nately, in CT images, there is usually little contrast between
the cervical spinal cord and subarachnoid space, preventing
visualization of intradural processes, intramedullary lesions,
and cord compression. CT scans, however, can be used to
classify the type of OPLL, determine the extent of the ossi-
fication, and assess bone quality.'” They are also used to
measure screw trajectories if instrumentation is required,
navigate intraoperatively, and assess the location of metallic
hardware such as pedicle screws and plates.'* CT is the im-
aging modality of choice in patients who cannot undergo MRI
due to ocular metallic foreign bodies, pacemakers, stimulators,
embedded wires, aneurysm clips, nitroglycerin patches, or
severe claustrophobia.?’ Finally, although not routine practice,
CT angiography can visualize anomalies of the vertebral ar-
teries and identify cases with a higher risk of injury.”'

Magnetic Resonance Imaging

MRI is the preferred modality for assessing patients with
DCM as it provides high resolution, multiplanar images of the
neural, soft-tissue, and bony structures.? Furthermore, MRI
can clearly depict the extent of spinal canal stenosis and the
presence of cord compression, intramedullary signal changes,
and bony constriction of the neural foramina.> Finally, MRI is
useful to exclude other disease processes of the cervical spine
that may clinically present like DCM, such as neoplastic
infiltration, demyelinating plaques, and syringomyelia.
Several tools can be used to qualify and quantify the extent
of degenerative changes, the degree of canal stenosis and cord
compression, and the presence of intramedullary signal
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Obtain a detailed
medical history

Does the patient
answer yes to any of
the myelopathy specific
questions?

No

Yes

Did the patient

answer yes to any of

the specific questions

that may point to an Yes
alternative diagnosis?

No

Conduct a
comprehensive
neurological exam of
the upper and lower
extremities

Lower motor
neuron signs only

Nerve root compression

Likely not cervical
myelopathy

Address other concerns
the patient may have

Consider other
neurological processes

Peripheral nerve or plexus

Neuromuscular junction Muscle

- Consider a trial of
conservative management.

- If no symptom improvement
in 4-6 weeks, obtain
imaging of the spinal
column +/- EMG and NCS

- Consider referral to spine
surgeon for opinion

Combined
upper and lower
motor neuron signs

Degenerative
cervical myelopathy,
amyotrophic lateral
sclerosis or motor
neuron disease

Spinal Cord

Upper motor
neuron signs only

Brain

- Vascular - Vasculitis, SLE, RA

- Infectious - Lyme, leprosy

- Immune-mediated - AIDP, CIDP

- Hereditary

- Neoplastic - Paraneoplastic,
myeloma, lymphoma

- Toxin - Alcohol, medications,
heavy metals

- Metabolic - Diabetes, thyroid
dysfunction

- Nutritional

Potential diagnostic tests

+ Vitamin B1, B6, B12 (+MMA), E
+ SPEP + immunofixation

« HbAIC

+ Lyme, HIV, RPR

« ANCA

+ C3/C3, RF, ESR/CRP

« ACE

«Cu, Zn

« TSH/fT4

+ EMG/NCS +/- neural imaging

Obtain imaging of the
cervical spine

« Vascular

« Inflammatory

« Toxic

« Immune-mediated
« Metabolic

« Infectious

- Neoplastic

- Hereditary

- Myasthenia gravis
- Lambert-Eaton
- Botulism

+ EMG/NCS

+ Myasthenia antibody
panel

- CT chest

Obtain imaging of the
brain +/- spinal cord

- Inflammatory - Sarcoidosis,
IBM, dermatomyositis,
polymyositis

- Endocrine

- Toxic

- Infectious

- Hereditary dystrophy

- Hereditary metabolic

- Hereditary periodic paralysis

« Hereditary mitochondrial

+ CK, aldolase, LDH, LFTs,
TSH/fT4, PTH

+ ESR/ICRP

+ Inflammatory myopathies
antibody panel

« EMG/NCS

+ Muscle biopsy

Figure |. An approach to the diagnosis of degenerative cervical myelopathy. EMG, electromyography; NCS, nerve conduction studies; SLE,
systemic lupus erythematosus; AIDP, acute inflammatory demyelinating polyneuropathy; CIDP, chronic inflammatory demyelinating

polyneuropathy; IBM, influsion body myositis; SPEP, serum protein electrophoresis; HIV, human immunodeficiency virus; RPR, rapid plasma

reagin; ANCA, antineutrophil cyoplasmic antibody; C3/C4, complement 3/4; RF, rheumatoid arthritis; ESR, erythrocyte sedimentation rate

y

CRP, C-reactive protein; ACE, angiotensin-converting enzyme; Cu, copper; Zn, sinc; TSH, thyroid stimulating hormone; fT4, free T4; CT,
computed tomography; CK, creatinine kinase; LDH, lactate dehydrogenase; LFTs, liver function tests; PTH, parathyroid hormone.



1888

Global Spine Journal 12(8)

3‘*‘ flon N, v

15562

Figure 2. The role of various imaging modalities in the diagnosis and management of degenerative cervical myelopathy. (i) Lateral radiograph
for the assessment of cervical alignment; (i) flexion-extension radiographs for evaluation of spondylolisthesis and cervical instability;

(iii) post-operative radiographs for assessment of fusion status and the position of instrumentation; (iv) computed tomography scans for the
detection of bony abnormalities and ossification of the posterior longitudinal ligament; and (v) magnetic resonance imaging for the evaluation of
the extent of spinal canal stenosis, degree of cord compression, and presence of intramedullary signal change.

change on MRIL** These classification systems and mathe-

matical equations are summarized in Table 4.

Advanced Imaging Techniques

Although conventional MRI has revolutionized the ability to
visualize the neural elements, it still has its limitations. Spe-
cifically, certain MRI findings often do not correlate with a
patient’s clinical presentation or disease severity. Several ad-
vanced imaging techniques are available that quantify physical
properties of neural tissues and better detect injury to the axons
and myelin of the white matter tracts.'* These include diffusion
tensor imaging (DTI), magnetization transfer (MT), myelin
water fraction (MWF), and MR spectroscopy. Metrics derived
from these modalities are more sensitive at detecting subclinical
tissue injury and myelopathy progression than conventional
MRI and may be more accurate at predicting surgical outcomes.

Electrophysiology

Electrophysiological tests are not routinely used to diagnose
patients with DCM." However, they can assess the functional
involvement of the spinal cord and help bridge the gap between
MRI findings and a patient’s clinical picture. Furthermore,
neurophysiological tests are valuable for excluding other mim-
icking diagnoses, identifying the presence of concomitant rad-
iculopathy, and monitoring disease progression.”
Electromyography (EMG) is the study of the electrical
activity of muscles and is used to evaluate the integrity of the
motor unit. EMG assesses insertional activity, spontaneous
activity of the muscle at rest, the motor unit action potential
(MUAP) during minimal voluntary contraction, and the re-
cruitment of motor units during increasing voluntary con-
traction. Increased electrical activity following insertion of an

electrode into a muscle is abnormal and is commonly seen in
denervation, myotonia, and inflammatory conditions.”® In
contrast, a decrease in insertional activity may reflect atrophic
and/or fibrotic muscle. In terms of spontaneous activity at rest,
fibrillations and positive sharp waves occur in cases of de-
nervation, typically 10 to 14 days after acute nerve injury.”®
Fasciculations can be a normal finding but can also be seen in
motor neuron disease, radiculopathies, entrapment neuropa-
thies, and metabolic disorders.”® Myokymia or bursts of
MUAPs can occur normally in the orbicularis oculi or oris
muscles but may also be present in radiculopathies, radiation
plexopathies, and anterior horn cell syndromes.?” Voluntary
activity can be used to distinguish acute and chronic patterns
of denervation as well as neuropathies from myopathies.”® In-
dividuals with complete denervation will have no MUAP,
whereas those with chronic denervation will have increased
MUAP amplitude. This increased amplitude is because re-
innervation following nerve damage results in an increased
number of muscle fibers controlled by a single motor unit.”®
Myopathic MUAPs, in contrast, have decreased amplitude which
helps distinguish myopathic from neuropathic processes. Finally,
a pattern of reduced recruitment is observed in neuropathic
disease. In contrast, the force generated by individual motor units
is reduced in myopathic disease; a greater number of units must
therefore be recruited in order to produce a certain level of force.

EMG studies can be used to identify changes in muscle
recruitment and activation in patients with DCM (Table 5). Since
EMG directly measures the activity of specific muscles, it may
be a useful tool for monitoring disease progression, assessing
recovery after surgery, and evaluating motor improvement fol-
lowing a trial of rehabilitation. A study by Haddas et al*® (2019)
compared EMG data from patients with signs, symptoms, and
imaging evidence of DCM to healthy controls aged 50 to 70
years. Based on their results, patients with DCM had a
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Table 4. A Summary of Classification Systems Used to Qualify and Quantify the Extent of Degenerative Changes on Magnetic Resonance

Imaging in Patients with Degenerative Cervical Myelopathy.

Feature of degenerative
cervical myelopathy Description and classification on magnetic resonance imaging

Comments

Disc degeneration Miyazaki et al (2008): (25)

Grade I: Hyperintense nucleus Sl; homogenous, white nuclear
structure; clear distinction of nucleus and annulus; normal disc
height

Grade II: Hyperintense nucleus SI; inhomogeneous with
horizontal band, white nuclear structure; clear distinction of
nucleus and annulus; normal disc height

Grade llI: Intermediate nucleus Sl; inhomogeneous, gray to black
nuclear structure; unclear distinction of nucleus and annulus;
normal to decreased disc height

Grade IV: Intermediate nucleus SI; inhomogeneous, gray to black
nuclear structure; unclear distinction of nucleus and annulus;
normal to decreased disc height

Grade V: Hypointense nucleus Sl; inhomogeneous, gray to black
nuclear structure; lost distinction of nucleus and annulus;
normal to decreased disc height

Grade VI: Hypointense nucleus Sl; inhomogeneous, gray to black
nuclear structure; lost distinction of nucleus and annulus;
collapsed disk

Suzuki et al (2017):(26)

Grade 0, no degeneration: Normal disc height; hyperintense and
homogenous nucleus; clear distinction of nucleus and annulus;
no disc bulge/herniation

Grade |, mild degeneration: Normal disc height; hyperintense
and inhomogenous nucleus or decrease of Sl; clear or unclear
distinction of nucleus and annulus; no disc bulge or herniation

Grade 2, moderate degeneration: Normal to slight decrease in
disc height; decrease of nucleus SI; unclear distinction between
nucleus and annulus; positive disc bulge or herniation

Grade 3, severe degeneration: Decreased disc height; decreased
nuclear SI; unclear distinction between nucleus and annulus;
positive disc bulge or herniation

Jacobs et al (2016):(27)

Grade 0: Normal height compared to C2-3, with or without a
cleft in the nucleus pulposus

Grade |: Dark disc, with normal height

Grade 2: Collapsed disc, little or no osteophytes

Grade 3: Collapsed disc, many osteophytes

Sagittal alignment N/A

Spondylolisthesis N/A

This grading system considers the signal intensity
and structure of the nucleus pulposus, the
delineation between the nucleus pulposus and
the annulus fibrosus, and the disc height

High signal intensity is defined as similar intensity
as CSF and/or bone marrow. Decreased
intensity is defined as lower intensity than
bone marrow

Spinal alignment is best evaluated under load-
bearing conditions (eg, while sitting or
standing), which cannot be achieved in
traditional magnetic resonance imaging
scanners. Spinal alignment is best evaluated on
lateral radiographs

Spondylolisthesis is best evaluated on flexion and
extension radiographs.

Meyerding classification grades the degree of
vertebral displacement as follows: (28)

I: <25% displacement

IIl: 225%, <50% displacement

Ill: 250%, <75% displacement

IV: 275%, <100% displacement

V: 2100% displacement

(continued)
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Table 4. (continued)

Feature of degenerative
cervical myelopathy

Description and classification on magnetic resonance imaging

Comments

Vertebral body changes

Spinal canal stenosis

Spinal cord
compression

Signal changes

Modic et al (1988): (29)
Type I: Low signal on TI, high signal on T2

Type II: High signal on T1, isointense to high signal on T2

Type llI: Low signal on T1, low signal on T2

Degree of spinal canal stenosis (30)

0:

2:

3:
Occupying ratio: Sagittal diameter of the spinal cord divided by

Anterior—posterior diameter of the canal at the level of interest

Normal width of the spinal canal, no signs of anterior or

posterior subarachnoid space narrowing

: Partial obliteration of anterior or posterior subarachnoid

space or both

Complete obliteration of anterior or posterior subarachnoid

space or both
Anterior or posterior cord impingement or both

sagittal diameter of the neural tube (31)

MCC = (I — Di/(Da + Db)/2)X100% (32)

Degree of spinal cord compression: (33)

0:
I: Minimal degree of subarachnoid space compression

No thecal sac compression

2: Mild spinal cord compression

3:
Partial vs circumferential compression at the site of greatest

Ratio between the anteroposterior diameter of the compressed
segment to the anteroposterior diameter of the non-

Compression ratio: Ratio between the anteroposterior diameter

Severe compression or cord atrophy

compression (34)

compressed segment (35)

and the transverse diameter (35)

MSCC = (I — di/(da + db)/2)X100% (32)

Number of levels compressed
Hyperintensity on T2WI (24)

Type I: Faint, fuzzy, indistinct borders

Type 2: Intense, well-defined borders

Hypointensity on TIWI (24)

Type I: Inflammatory changes and bone marrow
edema

Type II: local fatty replacement of bone marrow
due to ischemia

Type lll: Reactive subchondral bony sclerosis

Qualitative assessment of spinal canal stenosis on
sagittal imaging

Quantitative assessment of spinal canal stenosis
on sagittal imaging

Quantitative assessment of spinal canal stenosis
on sagittal imaging.

Di is the anteroposterior canal diameter at the
level of maximum compression.

Da and Db are the anteroposterior diameters of
the non-compressed levels from above and
below the level of maximum compression

Qualitative assessment of spinal cord
compression on sagittal images

Qualitative assessment of spinal cord
compression on axial images

Quantitative assessment of spinal cord
compression on sagittal images

Quantitative assessment of spinal cord
compression on axial images.

Cord compression typically results in a reduction
of the anteroposterior diameter and an
increase in the lateral diameter

Quantitative assessment of spinal cord
compression on sagittal images. di is the
anteroposterior spinal cord diameter at the
level of maximum compression.

da and db are the anteroposterior diameters of
non-compressed levels from above and below
the level of maximum compression

N/A

Nonspecific; may indicate either reversible or
non-reversible histological damage.

Edema, Wallerian degeneration, demyelination,
ischemia, gliosis

Similar to hypointensity on TIWI

Irreversible histological damage.

Necrosis, myelomalacia, cavitation, spongiform
changes in the grey matter

Sl, signal intensity; CSF, cerebrospinal fluid; MCC, maximum canal compromise; MSCC, maximum spinal cord compression; T2WI, type 2-weighted images;
TIWI, type |-weighted images.
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Table 5. A Summary of Important Electromyographic Findings in Patients with Degenerative Cervical Myelopathy.

Component of

electromyography Definition

Clinical relevance

Insertional activity

Increased Continued burst firing of action potentials after
needle movement has stopped
Decreased Decreased activity following insertion of an electrode

into a muscle
Spontaneous activity
Fibrillation potentials

Fasciculation

potentials anywhere along the motor unit

Complex repetitive
discharges

regular, repetitive manner

Myotonic discharges

excitation
Myokymic Action potentials that fire spontaneously and in a
YOKy! P P Y
discharges repetitive burst pattern

Neuromyotonic
discharges
Cramp potentials

axons and fire at high frequencies
high frequency in a large area of muscle

Minimal voluntary activity

None No motor unit action potentials
Increased Increased amplitude of motor unit action potentials
Decreased Decreased amplitude of motor unit action potentials
Recruitment pattern
Increased Increasing effort results in increased motor unit firing
rate and increased motor unit activation
Decreased Increasing effort results in more rapid firing in a

reduced number of motor units

Action potentials of single muscle fibers that fire
spontaneously in the absence of innervation
Spontaneous single motor unit discharges generated

Action potentials of a group of muscle fibers that
discharge spontaneously and in near synchrony in a

Action potentials of single muscle fibers that fire
spontaneously and are prolonged after external

Bursts of action potentials that originate in motor

Involuntary, repetitive firing of action potentials at a

Seen in denervation, myotonia, and inflammatory conditions

Seen in atrophic or fibrotic muscle

Seen in muscles that have lost their innervation, are
regenerating, or have never been innervated

May be normal but can also be seen in neuromuscular
disorders, radiculopathies, axonal peripheral
neuropathies, and anterior horn cell disorders

Nonspecific finding but can be seen in chronic, longstanding
neurogenic or myopathic disorders

Reflects abnormality of the membrane of a muscle fiber.

Seen in myotonic dystrophy, myotonia congenita,
hyperkalemic periodic paralysis, and polymyositis

Seen in radiation-induced nerve injury, chronic compressive
neuropathies, polyradiculopathies, and anterior horn cell
disorders

Seen in disorders of peripheral nerve hyperexcitability

Seen in chronic neurogenic disorders, metabolic or
electrolyte disorders, or peripheral nerve
hyperexcitability

Seen in acute denervation

Seen in chronic denervation with reinnervation

Seen in myopathic processes

Seen in myopathic process

Seen in neuropathic process

significantly longer time to peak EMG in the multifidus, erector
spinae, semi-tendinosis, tibialis anterior, and deltoid muscles
compared to controls. However, the time to onset of muscle
contraction and the peak EMG values were similar between
cohorts. These findings indicate that patients with DCM are
slower at fully recruiting muscles for a particular movement
compared to healthy controls. This study also reported prolonged
activation of the biceps femoris muscles in patients with DCM,
indicating that the proximal muscles likely compensate for a lack
of power generation in the distal muscles. Similarly, Malone
et al*® (2013) reported a significantly longer coactivation time
between the rectus femoris and bicep femoris muscles in patients
with DCM, confirming that the proximal muscles act to stabilize
the lower leg. Furthermore, the normalized amplitude of the
inactive phase of these proximal muscles was higher in patients
with DCM compared to controls. This finding indicates that
individuals with myelopathy are unable to scale down the output
of these muscles when their activation is not required. Finally,

patients with DCM may also require prolonged activation of the
tibialis anterior muscle in order to increase the stability of the
ankle during stance due to impaired proprioception. Peak EMG
is also higher in the medial deltoid muscles, indicating that
patients may use their upper extremities in a compensatory
manner in an attempt to improve balance.

Nerve conduction studies are performed to quantify the
motor and sensory velocities of peripheral nerves. Two
electrodes are first placed at two different points along a
peripheral nerve. Conduction velocities are then computed by
dividing the time from the onset of stimulus to the recorded
response by the distance between the two electrodes.® Nerve
conduction studies are typically normal in patients with DCM
and compressive radiculopathies but are often slowed in
peripheral nerve entrapment, peripheral neuropathies, and
brachial plexopathies.®’ As such, nerve conduction studies
may be useful in distinguishing DCM from common mim-
ickers, especially carpal tunnel syndrome.



1892

Global Spine Journal 12(8)

Somatosensory evoked potentials (SEPs) can identify
injury anywhere along the dorsal column-medial lemniscal
pathway.®> This pathway is initiated by stimulating the
large myelinated afferent fibers in a peripheral nerve. These
nerves carry information about proprioception, vibration,
and fine touch into the dorsal root ganglion where the cell
bodies are located. The axons then travel ipsilaterally
through the dorsal columns and synapse on second order
neurons in the dorsal column nuclei in the medulla ob-
longata. Axons of the second sensory neuron desiccate as
internal arcuate fibers and form the medial lemniscus which
ascends to the thalamus. A third and final sensory neuron
travels from the thalamus to the somatosensory cortex. The
spinal potential N13 reflects the activity of the dorsal horn
neurons that receive their inputs from the afferent sensory
fibers.®" The loss of spinal N13 is found in patients with
DCM and is considered a reliable diagnostic tool. Specif-
ically, in a study by Restuccia et al** (1992), abnormalities
in the N13 potential were found in 95% of radial, 90% of
medial, and 54% of ulnar nerve SEPs in 11 patients with
image-evidence of DCM.

Motor-evoked potentials (MEPs) can detect injury to the
descending motor pathways following transcranial mag-
netic stimulation of the motor cortex. In patients with DCM,
MEPs can help localize the levels of motor dysfunction and
detect subclinical involvement of central motor pathways.
Furthermore, MEPs can help distinguish DCM from ALS.
Specifically, patients with DCM tend to have slower central
motor conduction times in myelomeres distal to the level of
spinal cord compression, whereas patients with ALS can
have normal conduction times in caudal myelomeres.?!
SEPs and MEPs may also be useful in predicting disease
development in individuals with image evidence of spinal
cord compression or canal stenosis but no symptoms of
myelopathy. Specifically, according to Bednarik et al**
(2008), nonmyelopathic patients with evidence of spon-
dylosis or disc compression of the cervical spinal cord were
more likely to develop myelopathy if they had abnormal
MEPs and SEPs. Finally, SEPs and MEPs can be used to
quantify sensory and motor improvements following sur-
gery and are useful for detecting neurological injury
intraoperatively.*’
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