
Introduction

Herbert von Luschka, a German anatomist, first pointed
out the developmental changes of the cervical spine’s
anatomical structures, i.e., the uncovertebral joints, also
commonly called Luschka’s joints [21]. The processus ar-
ticularis are covered by a thin layer of cartilage in healthy
subjects, and the uneven surfaces in between the zyg-
apophyseal processes are filled in by an infolding of the
joint capsule described by Penning and Töndury as menis-
coids [31]. These meniscoids consist of connective and
fatty tissue, which is highly vascularized and innervated.

In healthy adults, the intervertebral discs in the cervical
spine have a structure similar to that of the discs of the

lumbar spine, consisting of the annulus fibrosus and nu-
cleus pulposus. However, it has been observed that in the
first and second decades of life, before complete ossifica-
tion occurs, lateral tears do occur in the annulus fibrosus.
The tears in the lateral part of the disc tend to enlarge to-
wards the medial aspect of the intervertebral disc.

These anatomical observations by Töndury document
the fact that, with increased age, the disc cannot bear or
transfer load due to ongoing dehydration, medial splitting
of the disc and the disappearance of the nucleus pulposus
[40]. With the increased load on the uncovertebral pro-
cesses, a new cow-horn-like uncovertebral flattening takes
over the load bearing function of the intervertebral joint. It
is obvious that such transformation of bony structures can
lead to irritation or compression of the spinal nerve as well
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as the vertebral artery, which of course can cause not only
intermittent or chronic pain and finally narrowing of the
spinal canal due to bony growth, but also demyelisation of
ascending and descending spinal pathways, due to a pos-
sible deficiency of blood supply to the spinal cord [9].

Those age-related, morphological changes, as de-
scribed by Töndury, should be clearly differentiated from
disc lesions due to trauma, where tears of the interverte-
bral disc at the vertebral body endplate have been docu-
mented [38].

Evidence of radiological degenerative changes of the
cervical spine in the aging population are common. By the
fourth decade of life, 30% of asymptomatic subjects show
degenerative changes of the intervertebral discs, while by
the seventh decade, up to 90% have developed degenera-
tive alterations [39]. Similar findings were earlier pre-
sented by Kellgren and Lawrence [17, 19]. Therefore, it is
always important to interpret these radiological findings
in the light of the clinical picture. If symptoms and find-
ings cannot be logically correlated, the presence of a dif-
ferent pathology should be suspected, and appropriate in-
vestigations are indicated.

Close collaboration between the orthopedic surgeon,
the neurosurgeon and the neurologist is required in the as-
sessment of the patient in the spine unit, in order to opti-
mally indicate and analyze the clinical, radiological and
laboratory findings, including neurophysiology, and relate
them to the patient’s symptoms.

Based on the history and the physical signs, a rational
neurological work-up should be designed in order to con-
firm or reject the indication for spinal surgery. Patients
with cervical spine disorders most commonly complain of
local and referred pain, headache, dizziness or disturbance
of the equilibrium, paresthesias, and weakness in the up-
per and lower extremities. In addition to the complete
neurological assessment, which includes an examination
of the cranial nerves and the upper and lower extremities,
additional laboratory examinations may be required and
may be helpful in the differential diagnosis, including:

– Analysis of cerebrospinal fluid (CSF)
– Electromyography (EMG)
– Electroneurography (ENG)
– Sensory evoked potentials (SEP)
– Motor evoked potentials (MEP)
– Computerized tomography (CT)
– Magnetic resonance imaging (MRI)

In the differential diagnosis of cervical spondylosis with
involvement of neural structures leading to cervical spinal
myelopathy, the following diseases should be considered:

– Multiple sclerosis
– Amyotrophic lateral sclerosis (ALS)
– Polyradiculitis (Landry-Guillain-Barré)
– Shoulder amyotrophy
– Borreliosis (Lyme disease)
– Syringomyelia

– “Double crush” lesion of the nerve root and peripheral
nerve

– Rheumatoid arthritis with involvement of the cervical
spine

– Psychogenic disorders (hysteria)

Neurological examination

The neurological examination aims to differentiate be-
tween nerve root and spinal cord compression. Examina-
tion of cranial nerves, especially the eye movements with
the aid of Frentzel goggles, is useful. There is clear evi-
dence showing interaction between the receptors of the
cervical joint capsules and the vestibular organ [28, 29].
However, it is well established that the center projection
of the cervical spine mechanoreceptors is close to the
vestibular nuclei at the region of the brain stem, which
makes the clinical differentiation (cervical vs vestibular
origin of dizziness) very difficult [26, 27].

Neck pain may be the first clinical symptom of a slowly
growing acusticus neurinoma, with absent corneal reflex
being the first sign. Patients with referred pain in the region
of trigeminus nerve pain commonly present an underlying
pathology of the upper cervical spine, often observed in at-
lanto-axial instability due to rheumatoid arthritis [38, 42].

Electric pain along the spine irradiating to the extrem-
ities during maximal flexion and extension of the cervical
spine has been described in patients with multiple sclero-
sis as the Lhermitte sign, but it is also generally observed
in patients suffering from compression of the cervical spi-
nal cord [20]. Radicular arm pain during ipsilateral
sidebending rotation and manual compression of the head
is described as the Spurling test, and expresses itself as a
motion-induced radicular irritation/compression radiating
pain along the involved dermatoma.

In patients where compression of the spinal cord is sus-
pected, a neurological examination of the upper and lower
extremities should be routinely performed.

According to the type of the lesion, the spinal cord will
react primarily with demyelinisation of the descending
and/or ascending pathways with the classical symptoma-
tology of tetraspastics, pathologically increased muscle
tendon reflexes, positive Babinski sign, absent abdominal
reflexes and decreased vibratory sense on the lower ex-
tremities. It is not always appreciated, however well de-
scribed by Ebara et al., that some patients with spinal cord
compression will present atrophy of the small muscles of
the hands, described as “myelopathic hand,” as a result of
segmental anterior horn cell necrosis [11, 30]. Shimizu et
al. systematically observed the blind zone of the upper
cervical spinal cord and analyzed the hyperactive scapulo-
humeral reflex, which was described for the first time by
Bechterev in 1900 [36]. Compression of the spinal cord at
the level C2/C3 will result in hyperactive scapulo-humeral
reflex.
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One of the first symptoms and also signs of cervical
myelopathy is gait disturbance, especially in dark surround-
ings, when the optical control should be compensated for
by the proprioceptive receptors in the feet.

The European Myelopathy Score (EMS)

To asses the severity of cervical myelopathy, the European
Myelopathy Score has been proposed [13], based upon
the JOA (Japanese Orthopaedic Association) score.

The European Myelophathy Score has five subscores
(Table 1). The significance of the each subscore is weighted
by the maximal number of points that is achieved if the
subscore is normal. All of these subscores are functional
criteria that do not require formal testing. They can be ob-
tained by taking the patient’s history, or even by question-
naires filled in by the patients themselves. The upper mo-
tor neuron is critical in the control of lower limb function.
Gait is of major importance for judgment of cervical
myelopathy. It is the only subscore that can reach 5 points.
Bladder and bowel function (3 points) depend on both
motor and sensory integrity. In cervical myelopathy, how-
ever, bladder or bowel dysfunction is caused primarily by
a bilateral upper motor neuron lesion. Cervical myelopa-
thy is generally due to degenerative changes of the middle
and lower cervical spine. Therefore, impairment of hand
function can be attributed mainly to lower motor neuron
function (4 points), although similar disturbances of preci-
sion movements are also seen in upper motor neuron func-
tion or cortical lesions. Proprioception and coordination
depend on posterior column function (3 points). Posterior
column function was included in the European Myelopa-
thy Score instead of the JOA subscores for sensory function
– a disturbance which is very difficult to classify into cat-
egories. Pain is not a major symptom in cervical myelopa-
thy. Nevertheless, unpleasant sensations such as paresthe-
sia or dysesthesia are often reported, and are mostly caused
by a mechanical irritation of the afferent posterior cervical
roots (3 points). The maximum number of points a normal
subject can reach is 18.

Borrowing from the Glasgow Coma Scale, the worst
result is rated with 1 point for each subscore. The minimum
score is therefore 5. Depending on the sum reached in the
score, cervical myelopathy is classified into three grades:
grade III, 5–8 points; grade II, 9–12 points; and grade I,
13–16 points. Subjects with 17 or 18 points are consid-
ered free of signs of cervical myelopathy.

The functional character of the criteria used in the Eu-
ropean Myelopathy Score allows a critical evaluation of
cervical myelopathy from different centers and different
countries. The European Myelopathy Score helps to judge
the natural course of the disease and to determine the tim-
ing of surgery. It also allows a more objective control of
postoperative outcome. The European Myelopathy Score
is a valuable tool for the evaluation of all conditions involv-

ing cervical myelopathy. It will also allow for rapid com-
munication when comparing radiological findings or neu-
rophysiological results in patients with cervical myelopa-
thy. Assessment of EMS on larger patient population with
cervical myelopathy is needed.

Neurophysiological investigation of the cervical spine

Patients with spinal disorders, with or without sensorimo-
tor symptoms and signs, often show discrepancies in clin-
ical and neuroradiological (MRI, CT, myelogram) findings,
which make it difficult to pinpoint the cause (i.e., particu-
lar nerve root or spinal cord segment) of the patient’s com-
plaints. Therefore, questions are raised as to which level
or nerve root should be surgically approached.

Currently used electrodiagnostic techniques

The spectrum of neurophysiological assessment consists
of electromyography (EMG), electroneurography (ENG),
and evoked potentials. While somatosensory evoked po-
tentials (SEPs) and motor evoked potentials (MEPs) are
most helpful in the investigation of the central nervous sys-
tem pathways, electromyography, conventional neurogra-
phy and F-wave studies are more useful for evaluation of
the peripheral segments of the sensory and motor path-
ways.

Somatosensory evoked potentials

For spinal cord evaluation, SEPs are relevant. These are
potentials recorded from the lumbar and cervical spine as
well as the first components of scalp recordings.

SEPs are generally recorded after electrical stimulation
of peripheral nerves or skin. The nerves used are: the pos-
terior tibial, sural, or common peroneal nerves of the
lower limbs, and the median radial and the ulnar nerve for
the upper limbs. In radicular and spinal disease, several
nerves, supplied by different segments, must be stimulated
for a level diagnosis. SEPs from tibialis nerve are recom-
mended for the diagnosis of cervical myelopathy [41].

Motor evoked potentials

Somatosensory evoked potentials are delayed in cervical
spondylosis and the latency of N11 is significantly delayed
statistically. However, similar data have also been reported
previously in electrical cortical stimulation studies [1, 12].

A method of painless magnetoelectric transcranial
stimulation of the cerebral cortex was introduced in 1985
by Barker et al. [2, 3]. They applied short magnetic pulses,
designed to stimulate peripheral nerves, to the scalp, and
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recorded muscle action potentials from upper and lower
limb muscles.

The stimulating coil is placed in such a way as to stim-
ulate the motor cortex, the cervical nerve roots, and the
lumbar nerve roots. MEPs are generally recorded at the
following muscles: abductor pollicis, adductor minimi,
quadriceps, tibialis anterior, gastrocnemius, extensor hal-
lucis, and abductor hallucis [8]. The segmental innerva-
tion of these muscles is used for a level diagnosis in anal-
ogy to the segmental distribution of the afferent nerves
stimulated for SEPs. Surface recording electrodes are
placed over the motor end plate [8].

For motor root stimulation over the cervical and lum-
bar spine, the intensity of the stimulator is adjusted so that
a potential with a steep negative rise can be recorded.
With this, the onset latency is not critically dependent on
the positioning of the coil or the stimulation strength [6].
The excitation site of the nerve root is most likely in the
region of the root exit from the intervertebral foramen,
and does not differ from that suggested for electrical stim-
ulation over the spine [6, 7, 23]. In patients diagnosed as
having a lateral compression of the nerve root, the periph-
eral nerve latency is not delayed, whereas in patients with
more medially localized herniations, a prolonged central
motor latency (CML) is the most frequent finding [5].

M-wave and F-wave evaluation 
for the interpretation of MEPs

M-wave

In order to judge the MEP waveform it is also necessary
to obtain an M-wave recording by means of conventional
neurography. The M-wave is the response to a supramax-
imal stimulus of the peripheral nerve, and therefore an
electric measure of muscle “size” [32]. It is used as a ref-
erence signal with which post transcranial stimulation
MEP amplitude and duration are compared, i.e., MEP am-
plitude and duration are expressed as ratios of M-wave
amplitude and duration respectively.

F-wave

F-wave recordings allow for the determination of a total
peripheral conduction time (peripheral latency: PL) from
the anterior horn cell to the muscle, which thus includes
the conduction over the motor root to its exit from the in-
tervertebral foramen. hnumber =”Sec12”

The F-wave is usually normal in mild cases of radicu-
lopathy. Distinct delay of the F-wave or a reduced number
of clearly distinguishable F-waves after a given number of
supramaximal peripheral stimuli, in association with nor-
mal distal motor conduction, is a sign of a proximal le-
sion.

However, as the excitability of the spinal motor neuron
fluctuates periodically, the appearance, latency, and am-
plitude of the F-wave changes in each record. In spite of
these limitations, F-waves have a diagnostic value for an-
terior root lesions. When F-waves are recorded in a chronic
neuropathic process, axonal reflexes must be differenti-
ated [18, 33].

Electromyography (EMG)

Needle electromyography examines segmentally affected
muscles, chosen based upon the clinical investigation.
The needle is repositioned on ten different sites in a mus-
cle in order not to miss denervated parts. Increased inser-
tional activity, spontaneous activity (involuntary) such as
sharp positive waves, fibrillations, fasciculations and di-
minished motor unit recruitment are considered signs of
denervation due to deterioration of anterior horn cells
(myelopathy hands), or due to compression of nerve root.

In normal muscles, motor unit action potentials
(MUAPs) are elicited only in response to neural discharges.
Denervated muscle fibers become unstable, as they are no
longer under neural control, and individual muscle fibers
will fire in the absence of neural stimuli. These signs of
denervation in EMG can be spotted at the earliest about 
8 days after the nerve lesion, and are termed acute signs of
denervation.

EMG performed with needle concentric electrodes is
the oldest neurophysiologic method for diagnosing nerve
root compression syndrome [35]. EMG is claimed to have
almost no false-positive results [43].

Diagnostic reliability

EMG is important in the differential diagnosis of cervical
spondylosis. It shows degrees of denervation and the num-
ber of roots involved, but it has no prognostic value [25].

The increased latency of MEPs is a sensitive sign; how-
ever, the specificity is low. The increased CML can be
found in not only degenerative but also inflammatory dis-
eases of the central nervous system, such as multiple scle-
rosis. Kameyama examined 67 patients with clinically rel-
evant cervical myelopathy, and 24 patients with cervical
canal stenosis without myelopathy [15]. A positive corre-
lation was found for the group of myelopathy patients. De
Mattei found sensitivity of MEPs in patients with cervical
compression myelopathy to be 70% for upper extremity
muscles, and 95% for lower extremity muscles [10].

Tanaka et al.[37] examined MEPs in patients with
clinically relevant cervical myelopathy who underwent
decompressive surgery. Patients who presented a CML
longer than 15 ms and/or polyphasic wave pattern of the
potential had worse surgical results than the remaining pa-
tients.
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A comparison of EMGs and SEPs in differentiating an-
terior horn cell disease from cervical spinal myelopathy
showed dermatomal SEPs were clearly superior. They were
found to be normal, as expected, in all 12 patients with amyo-
trophic lateral sclerosis, while in 19 out of 20 patients with
cervical myelopathy, a pathological finding was observed.

For cervical myelopathy, Vohanka and Dvorak suggest,
as a routine examination, SEPs by stimulation of the tibial
nerve as well as MEPs from the upper and lower extrem-
ities [41].

The value of somatosensory and motor evoked poten-
tials in predicting and monitoring the effect of therapy in
spondylotic cervical myelopathy has been prospectively
examined by Bednarik et al. [4]. The group changes of
some SEP and MEP parameters correlated with the changes
in clinical score, which means they could be used as an
objective tool for the assessment of the results of therapy.
In clinical “silent” cervical cord compression, abnormali-
ties were found in half the subjects (n=91) and predicted
clinical manifestation of myelopathy in one-third of them
during a 2-year period.

Timing for surgery

Guidelines for treatment procedures, either conservative
or surgical, in patients with cervical myelopathy do not
exist. The literature in this respect presents controversial
results. Increasing age, clinical, neurophysiological signs,
and the general health condition are relevant factors in the
decision-making process.

Sampath et al. [34] presented the results of 62 patients,
at less than 1-year follow-up, who were treated for cervi-
cal myelopathy by 41 surgeons (members of CSRS), either
surgically (n=31) or conservatively (n=31). Only 43 pa-
tients (69%!) were available for follow-up. When medical
and surgical treatments are compared, surgically treated
patients appeared to have a better outcome. This small,
non-randomized study with a large number of surgeons
has methodological flaws; the authors acknowledge the
fact that randomized studies are necessary to validate the
different treatment procedures.

Matsumoto et al. [22] analyzed the increased signal in-
tensity (ISI) in MRI of spinal cord as a predictor for the
outcome of conservative treatment in patients with mild
myelopathy. Neither ISI nor spinal cord area was signifi-
cantly associated with outcome. The authors conclude
that early decompression for mild cervical myelopathy is
not warranted either by ISI or reduced spinal cord area.
Yonenobu [44] considers the transverse area of the spinal
cord and duration of myelopathy as the most significant
prognostic parameters for surgical outcome. Factors that
are unchangeable by nature, such as developmental steno-
sis or progressive degenerative changes of the cervical
spine, are parameters to consider or indicate surgical de-
compression.

A randomized controlled trial (RCT)on patients with
mild cervical myelopathy comparing conservative versus
surgical results with 3 years’ follow-up (n=68) did not show
surgery to be superior to conservative treatment [14]. The
authors of this excellent study, which is the only RCT to
have been conducted on cervical myelopathy, are aware of
the difficulties and suggest a possible direction to devel-
oping this area of investigation:

“The crucial question in the treatment of mild and
moderate nonprogressing SCM is not whether ‘to oper-
ate or not to operate’ because both the conservative
and the surgical treatments are potentially useful. The
problem is to find the predictive factors for a satisfac-
tory outcome either for the surgical or the nonsurgical
approach. It would be desirable to arrange a multicen-
ter study aimed at addressing these questions, as has
been mentioned many times. First, however, it would
be necessary to validate the scoring systems carefully,
probably replacing those currently used to obtain more
reliable and reproducible data.
“The current results can serve as a contribution to the
theory that conservative treatment has some advantages
over surgery in a carefully selected group of patients.
The most promising candidates for highly predicted
good results from either conservative treatment or sur-
gery could be the transverse area of the stenotic cord,
duration of the disease [44], osseous or cartilaginous
compression, developmental diameter of the canal, pos-
itivity of electrophysiologic findings, low-signal inten-
sity changes on T1-weighted sequences [24], and sever-
ity of the neurologic deficit and its dynamics” [14].

The SPINE TANGO of the SSE might be the appropriate
platform to search for the answer to this crucial question.

As the indications for surgical decompression of cervi-
cal myelopathy are the subject of ongoing discussion, at
the authors’ institution the following strategy for manage-
ment of suspected or diagnosed cervical myelopathy has
been adopted:

– Obtain a patient’s history with respect to the develop-
ment of symptoms and signs

– Improve awareness of the symptoms of cervical myelopa-
thy among primary care physicians by continuous edu-
cation

– Conduct a neurological assessment and diagnostic work
out to exclude other systemic diseases

– If in doubt, “wait and see”, but carry out regular con-
trols

– Neurophysiology, including MEPs/SEPs/EMG, is the
most useful way to monitor progression

– Surgery is indicated in progressive and/or severe forms
of cervical myelopathy

– Multimodal intraoperative monitoring (MIOM) is re-
quired for demanding decompressive surgery, to opti-
mize the surgical procedure
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