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Abstract: Degenerative cervical myelopathy (DCM) consists of spinal cord damage due to its com-
pression through the cervical spine. The leading cause is degenerative. The diagnosis is clinical, and
the therapeutic approach is usually surgical. Confirmation of the diagnostic suspicion is done by mag-
netic resonance imaging (MRI); however, this test lacks functional information of the spinal cord, the
abnormality of which may precede involvement in neuroimaging. Neurophysiological examination
using somatosensory evoked potentials (SSEPs) and transcranial magnetic stimulation (TMS) allows
for an evaluation of spinal cord function, and provides information in the diagnostic process. Its role
in the post-surgical follow-up of patients undergoing decompressive surgery is being studied. We
present a retrospective study of 24 patients with DCM and surgical decompression who underwent
neurophysiological tests (TMS and SSEP) before, 6, and 12 months after surgery. The result of the
TMS and the SSEP in the post-operative follow-up did not correlate with the clinical outcome, either
subjective or measured by clinical scales at six months. We only found post-surgical improvement of
central conduction times (CMCTs) in patients with severe pre-surgical motor impairment on TMS. In
patients with normal pre-surgical CMCT, we found a transient worsening with return to baseline
at the one-year follow-up. Most patients presented pre-surgical increased P40 latency at diagnosis.
CMCT and SSEP were more related to clinical outcomes one year after the surgical procedure and
were very useful in diagnosing.

Keywords: myelopathy; spinal cord; cervical spondylotic myelopathy

1. Introduction

The term degenerative cervical myelopathy [1] (DCM) has recently been proposed
to encompass all the pathophysiological compressive mechanisms, the result of which is
spinal cord dysfunction at the cervical level. DCM is caused by osteoarticular changes
that include spondylosis and disc herniation, ligamentous hypertrophy, as well as its
calcification, ossification, and facet arthropathy [2]. The classically used term, still widely
used, is cervical spondylotic myelopathy (CSM), which is more restrictive as it does not
include all the previously mentioned and potentially harmful mechanisms.

Spinal cord compression by cervical structures triggers a cascade of phenomena that
include ischemia, rupture of the blood-spinal cord barrier, and apoptosis [3], causing
demyelination and secondary gliosis leading to its dysfunction.

The clinical manifestations of DCM are variable. Patients may be asymptomatic, have
isolated cervical pain, radicular-type pain in the upper limbs, or have symptoms secondary
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to spinal cord compression. These include a pyramidal syndrome, sensory manifestations
in the limbs, gait impairment, and loss of sphincter control [4]. These patients may also
develop an acute centromedullary syndrome due to cervical hyperextension in a previously
spondylotic cervical spine [5].

The initial diagnosis is clinical, based on the anamnesis, and supported by an ex-
haustive neurological examination. Clinical data also allows a later re-evaluation of the
progression in the conservative long-term follow-up or in post-surgical evolution. There
are several scales to assess the clinical injury degree. The modified Japanese Orthopedic
Association (mJOA) score [6,7] is one of the most widely-used despite the fact that interob-
server variability may be significant [8]; Table A1 provides complementary material. The
Nurick score [9,10], more focused in gait impairment, allows for the classification of the
degree of affection in six grades; Table A2 provides complementary material. There are
many other scales. Nevertheless, despite these scale’s limitations, each’s overall usefulness
seems comparable [11]. It should be noted that the functional disorder may be present
before the lesion is visible on an MRI. In this way, clinical evaluation remains essential and
neurophysiological study may be helpful after the first clinical evaluation.

Confirmation of spinal cord damage is performed by an MRI, with common findings
such as the decreased diameter of the spinal canal, hypo intensity of the spinal cord on T1-
weighted images, hyperintensity on T2-weighted images, loss of cerebrospinal fluid image,
and spinal deformation [4,12]. The main limitation of neuroimaging is the lack of functional
information of the spinal tracts. Nevertheless, it predicts postsurgical outcome [13,14].
Neurophysiological evaluation through somatosensory evoked potentials (SSEPs) and
magnetic transcranial stimulation (TMS) can detect the functional alteration of the spinal
cord at any time during the natural evolution of the disease [15,16]. Currently, both
SSEPs and TMS provide information, not only diagnostic but also prognostic. Several
studies have assessed prognostic information from a functional point of view through the
correlation of the central conduction time obtained by TMS with the clinical evolution of
the patients [10,16,17].

SSEP is a functional evaluation method of the posterior medullary cords whose alter-
ation appears early in the CSM, especially in the lower extremities. They have been used in
the initial assessment and later in the follow-up to evaluate post-surgical changes. It is a
robust, simple test, but can also be time-consuming.

TMS allows an evaluation of the integrity of the pyramidal pathway by magnetic
stimulation of the primary motor cortex and subsequent measurement of central motor con-
duction times (CMCTs) [18]. CMCT alterations can be due to desynchronization, temporal
dispersion, conduction block, or axonal degeneration in the fastest conducting fibers [19].
The correlation of TMS with clinical and MRI findings has been previously studied [20,21].
Some of these studies have shown that the correlation between changes in post-surgical
TMS and objective clinical parameters measured using clinical scores is more accurate
than the subjective parameters provided by patients. They also found that pre-surgical
prolonged CMCT had poor prognostic value for predicting recovery [22].

According to one study, TMS abnormality with prolonged CMCTs correlated with
the clinical outcome better than MRI findings. They defined MRI abnormalities as canal
stenosis without visible signs of myelopathy on T2 hyperintensity or short-time investment
recovery (STIR) [17].

The therapeutic approach of CSM can be surgical or conservative, depending on
the patient. Conservative treatment is usually considered in case of minor symptoms,
cervical stenosis, and absence of visible signs of myelopathy on an MRI. Surgical treatment
prevents progression and allows, in less severe cases of compression, a better functional
recovery, as well as an improvement in the quality of life of patients. Therefore, surgical
treatment is increasingly recommended [4]. Various studies have shown that the most
significant improvement is achieved after surgery in cases with mild-to-moderate functional
involvement evaluated with the different functionality scales, compared to those with
severe involvement where part of the damage could be irreversible [15]. Good postsurgical
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outcome is related to younger age, absence of radiographic myelopathy signs, less duration
of symptoms before surgery and the presence of sensory instead of motor or gait disturbance
as first symptoms [23–25]. The aim of our study was to correlate the clinical outcome
measured by scales with the neurophysiological sensory and motor tests evolution.

2. Materials and Methods
2.1. Study Population

Our population was comprised of 24 patients, recruited between 2018 and 2020, who
presented symptoms compatible with CSM (patients whose MRIs showed spondyloarthro-
sis and a confirmed spinal cord injury understood as an alteration of the intramedullary
signal in any of the sequences (T1, T2, STIR)), or as altered functional tests (EMTC or PESS)
if the intramedullary signal was normal (n = 1). All the patients had a decompressive
surgery indication, according to the surgical team criteria in our hospital, with intraopera-
tive neurophysiological monitoring. All patients underwent a neurophysiological study
before surgery (t0), and again at 6 (t1) and 12 months (t2) after surgery. We included patients
either with anterior or posterior cervical surgical approaches. The exclusion criteria were
patients under 18 years of age, patients who did not want to participate in the follow-up
due to a lack of tolerance of the diagnostic test (n = 2), and those in which their previous
pathology (central or peripheral cause) avoided obtaining a reliable signal on the neuro-
physiological tests (polyneuropathies, other causes of myelopathy, spinal cord structural
injuries such as syringomyelia, or acute traumatic causes (n = 4)) (Figure 1).
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Figure 1. Flowchart of the diagnostic process, surgical treatment, and follow-up.

The patients voluntarily decided to participate in the follow-up study. They signed
their informed consent for participation and the Burgos and Soria Hospital Ethics Commit-
tee validated the study with the registration number CEIC 1618.
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2.2. Neurophysiological Study

The tests was comprised of SSEP as a method of sensory pathway exploration, and
TMS to study the motor pathway. We used 32-channel amplifier Natus equipment. SSEPs
were performed with stimulation of both median (wrist) and posterior tibial nerves (internal
malleolus), bilaterally. Technically, we followed the recommendations of the International
Federation of Clinical Neurophysiology (IFCN) [26], with peripheral recording on Erb
point and the popliteal fossa, as well as lumbar, cervical, and cortical locations. The cortical
latencies of the N20 and P40 waves were assessed. The cortical latency of the N20 and P40
waves were assessed with normal range values according to Delisa and Chiappa for upper
and lower limbs, respectively [27,28]. For the statisctical correlation study we searched for
variations of latency of the cortical N20 and P40 evoked potentials.

TMS was performed with a single-stimulus Magstim stimulator, with a 14 cm diameter
circular coil, stimulating the primary motor cortex with recording in the abductor pollicis
brevis muscles in the upper limbs and tibialis anterior in the lower limbs, bilaterally. We
used a single positive pulse of a 0.02 ms duration both in cortex and in cervical and lumbar
stimulation, at supramaximal intensity in upper limbs, and 100% intensity in the motor
cortex for the loser limbs. We assessed CMCT with cervical and lumbar stimulation, with
reference values according to Abbruzzese and Barker [18,29].

2.3. Cervical MRI

All patients underwent a cervical 1.5 Tesla MRI at t0. Abnormalities that defined
cervical myelopathy in MRIs consisted of a hyper signal on T2, short time investment
recovery (STIR), or hypo intensity on T1 sequences.

2.4. Study Design

We carried out an observational, descriptive, retrospective study of patients surgically
treated for cervical canal decompression between 2018 and 2020. The patients underwent a
pre- and post-surgical neurophysiological follow-up study 6 and 12 months after surgery.
We retrospectively collected the clinical data of the patients for whom the Nurick and
mJOA scales had been completed in consultation at diagnosis and six months after surgical
decompression.

The main objective was to correlate neurophysiological tests (SSEP and TMS) to the
patient’s subjective clinical improvement and the Nurick and mJOA score variations.

2.5. Subjective and Objective Clinical Measures

We used the patient’s clinical symptoms reported as subjective measures at baseline,
and recovery impression at six months (improvement versus no improvement). We con-
sidered objective measures, clinical signs explored by neurological examination (sensory
deficits, motor deficits, and gait impairment attending to the gait pattern and tandem
walking). A classification of the degree of myelopathy was also carried out according to
the Nurick and mJOA scales, using the defined cut-off scores established by Tetreault and
colleagues for the last scale: mild myelopathy between 15 and 17 points, moderate between
12 and 14 points, and severe below 11 points [30].

As objective measures, we observed changes in the neurological examination and the
neurophysiological studies, specifically in CMCT and SSEPs latencies.

2.6. Statistical Analysis

An anonymized database was created for later statistical analysis with SPSS software
(Version 28). The subjective clinical evolution of the patients six months after surgery
was studied using the dichotomous variable improvement versus no improvement, and
we compared it with the Nurick and mJOA clinical score changes at t1. We performed a
Student’s t-test (1-tailed distribution; paired) to assess the degree of affectation in the pre-
and post-surgical Nurick scale. We also performed this test (1-tailed distribution; paired) to
assess the pre- and post-surgical mJOA scale’s improvement. The changes in the mJOA
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scale were evaluated according to the degree of involvement at diagnosis (mild, moderate,
or severe). Sensory symptoms, motor, and gait impairment, and neurological examination
clinical changes were evaluated in detail. We also calculated the minimum clinically
important difference (MCID) of the mJOA according to the distribution-based methods [31].
Finally, we studied the modifications in SSEPs latencies and CMCT, considering each limb
individually at t0, t1, and t2.

3. Results
3.1. Characteristics of the Population at Baseline (t0)

A total of 24 patients were included in our study; 66% (n = 16) were men and 34%
women (n = 8). The mean age was 56.6 (with a median of 55 years). At t0, the mean
Nurick score was 2.37 points, and 13 points on the mJOA scale. On this last scale and
according to the Tetreault and colleagues criteria, 29.1% of the patients (n = 7) presented
a mild pre-surgical degree of myelopathy, 41.6% (n = 10) a moderate degree, and 29.1%
(n = 7) a severe degree. Regarding symptoms, 92% of the patients (n = 22) presented some
sensory disorder, 75% (n = 18) had a motor disturbance, and 71% of the patients (n = 17)
had gait impairment (subjective perception of gait impairment included here). Finally, 83%
of the patients (n = 20) presented with some abnormality in the neurological examination
(including objective gait impairment). Up to 85% of the patients in the mild group presented
sensory symptoms. Based on neuroimaging, 96.4% (n = 22) of the patients had clear signs
of myelopathy on MRIs. Only 4.2% (n = 1) did not present myelopathy lesions in MRIs. Up
to 58% had myelopathy at a single spinal cord level, 20.7% had myelopathy at two levels,
and 13% had it at three levels. The most affected level was C5–C6.

Concerning motor conductions, 65% of CMCT were pathological in the upper limbs
and 69.1% in the lower limbs at t0.

Regarding sensory spinal conduction at diagnosis, 49.4% of the examinations pre-
sented pathological values, with marked differences in the distribution of abnormalities
between upper and lower limbs. Only 27% had altered SSEPs in the upper limbs (N20
cortical latency) while 79% had a prolonged SEEP in the lower limbs (P40 cortical la-
tency). Table 1 shows CMCT and SSEP at t0 and t2 subdivided by groups according to
mJOA grades.

Table 1. Percentage of patients with abnormal TMS and PESS before surgery and changes after
surgery according to mJOA grades in upper and lower limbs.

mJOA at t0

mJOA
Improvement

(≥1 Point)

Abnormal
CMCT
Upper

Limbs (t0)

Abnormal
CMCT
Lower

Limbs (t0)

Abnormal
SSEP Upper
Limbs (t0)

Abnormal
SSEP Lower
Limbs (t0)

Improvement
CMCT
Upper

Limbs (t2)

Improvement
CMCT
Lower

Limbs (t2)

Improvement
SSEP Upper
Limbs (t2)

Improvement
SSEP Lower
Limbs (t2)

Severe
(29.2%) 85.7% 71.4% 100% 57.1% 100% 50% 71.4% 33.3% 71.4%

Moderate
(41.7%) 100% 80% 90% 20% 80% 55.6% 100% 44.4% 50%

Mild
(29.2%) 85.7% 71.4% 71.4% 14.3% 85.7% 60% 80% 100% 40%

3.2. Post-Surgical Subjective Clinical Situation

The patients reported the subjective clinical change through a clinical interview at
t1. A total of 75% (n = 18) reported subjective post-surgical improvement in any clinical
aspect (pain, paresthesia, dexterity, gait, sphincter control), and the remaining 25% (n = 6)
reported no improvement. Of this last group, two patients did not present changes in the
mJOA scale. One patient lost one point, another gained one point, and another gained two
points. Finally, one patient did not recognize improvement despite gaining 4 points on
the scale (the gait went from aid needed to walk at t0 to an insecure but autonomous gait
at t1). In the group of patients that reported improvement, three patients had gained one
point, three patients two points, eight patients had gained three points, two patients had
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gained four points and, finally, one patient had gained five points. The MCID of the mJOA
calculated with the distribution-based methods was 1.1.

3.3. Clinical Evaluation and Scales Scores at t0 and t1

Concerning the clinical improvement assessed by anamnesis and clinical exams, sen-
sory disturbance improved in 58% of the patients, motor impairment in 66%, gait in 58%,
and any aspect of the neurological examination in 96%.

The mean score on the mJOA scale was 13 at t0 with a value of 15.6 at t1. This change
means a global improvement of 2.6 points. Clinical post-surgical changes measured by
mJOA were statistically significant (p < 0.01 = 5.266 × 10−8).

Divided by the severity, and according to Treteault and colleagues [30], the mean
pre-surgical mJOA in the severely affected group at t0 was 10, reaching a mean of 12.8 at t1
(an increase of 2.8 points). In the moderate group, the mean was 13.3 at t0, reaching 16.5 at
t1 (an increase of 3.2 points). Finally, in those with mild involvement, the mean score was
15.7 at t0 and 16.57 at t1 (an increase of 0.87 points).

The mean score on the Nurick scale was 2.37 (median 3) at t0 and 1.25 at t1 (a mean
improvement of 1.12 points) after surgery. In the Nurick scale, the clinical changes between
t0 and t1 were statistically significant (p < 0.01 = 4.066 × 10−5) (Tables 2 and 3).

Table 2. Distribution of patients according to their mJOA mean scores at t0 and t1.

mJOA Scale t0 t1

Mild 29.1% (n = 7) 75% (n = 18)

Moderate 41.5% (n = 10) 16.6% (n = 4)

Severe 29.1% (n = 7) 8.3% (n = 2)

Table 3. Distribution of patients according to their Nurick score classification at t0 and t1.

NURICK Scale t0 t1

Grade 0 8% 25%

Grade 1 21% 42%

Grade 2 17% 21%

Grade 3 33% 8%

Grade 4 21% 4%

Grade 5 0% 0%

3.4. Evolution of CMCT and SSEP at t0 and t1

From all patients, the percentage of TMS and SSEP abnormalities at t0 was not equally
distributed in the upper and lower limbs. Regarding motor impairment, CMCT in any
of the upper limbs was abnormal in 75% of patients, while in the lower limbs it was in
87.5%. Concerning sensory impairment, 29.2% had prolonged N20 latency in at least one of
the upper limbs, and 87.5% presented prolonged P40 latency in at least one of the lower
limbs. All patients with prolonged N20 had prolonged P40. In the TMS, we observed
that 70.8% of patients presented improvement in the CMCT in more than one standard
deviation in any limbs at t2 compared to t0. SSEP latencies improvement with the same
criteria was observed in 45.8% of the patients. Table 1 presents this data subdivided by the
mJOA score at t0.

There were no significant differences in CMCT at t1 compared to CMCT at t0 in patients
stratified by the degree of mJOA affectation at t0 with the univariate analysis of variance.
A marked trend towards improvement in central conduction time was only observed in
the subgroup of patients whose CMCT at t0 showed a marked alteration in CMCT, with
values above 140% of the normal limit value (12 milliseconds in EESS and 23.43 in lower
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limbs) compared to those who preoperatively had a TCC within normal limits (p = 0.069
in univariate analysis of variance). In this last group of patients with normal CMCT at t0,
CMCT notably increased its value (16%) at t1 and returned to baseline at t2 with a minimal
difference (2%).

Concerning the sensory spinal cord conduction study, an improvement trend in SSEP
was observed only at t2 according to the paired samples test (p = 0.068). There were no
differences in the values in the univariate analysis of variance by stratifying the sample
according to the Treteault clinical grades by mJOA at t0.

Among patients with subjective reported improvement, up to 28,6% presented mea-
sured changes in both motor and sensory neurophysiological tests. Isolated CMCT im-
provement was observed in 35.7%, isolated SSEP improvement in 14.3%, and no changes
in the neurophysiological tests in 21.4%. If we consider only the motor study in these
patients independently from sensory function, 64.3% presented improvement. Sensory
improvement regardless of motor function was found in 42.8% of the patients included
in this subgroup. From patients who did not report changes for the better (41.7%), we
observed both motor and sensory neurophysiological improvement in 40%, only motor in
40%, and only sensory improvement in 10%. There was no change in 10%.

4. Discussion

We present a series of 24 patients. The mean age of our patients was 56.6 years which
is not far from that found in other studies [15,17,21,32].

The evaluation of the patients according to their subjective perception of outcome,
using the dichotomy of improvement versus no improvement, is not far from the mJOA
scale assessed evolution at t1. While 75% of patients reported amelioration at t1, the mJOA
scale showed an improvement in 91.6% after surgery at the same time. All patients except
two reporting improvement had shown an increase of at least two points in the mJOA score.
The calculated MCID was 1.1, but few patients recognized changes of a single point on the
mJOA scale. When scales changed by two points, they reported either improvement or
clinical stability. In increments greater than two points, they referred clear improvement.
A single patient reported no improvement despite an increase of four points on the scale,
which may be due to unrealistic expectations regarding surgery, considering that she
reached the ability to walk unaided, having the need of a walker at baseline according to
her medical history record. Zhou and colleagues did not find any correlation at 3 months
between subjective improvement and mJOA changes after surgery among 129 patients [33].

Clinical scales performed after surgery showed global improvement. In the mJOA
scale, we found 21% of patients in a mild degree at baseline, increasing up to 75% at
t1. We observed similar changes in the Nurick scale; globally, more severe grades 3 and
4 reduced, and the percentage of patients in grades 0, 1, and 2 increased. At t0, 8% of
patients had a grade of 0, counting a 25% at t1. Those in grade 1 went from 21% to 42%
of all patients. Regarding the evolution of neurophysiological tests compared to scales,
we found no correlation. Moreover, we observed a transient CMCT worsening at t1 in
patients with normal CMCT values at t0, which returned to baseline values at t2. Nakanishi
and colleagues found a correlation between the mJOA score and CMCT at the one-year
follow-up [32]. Capone and colleagues found improvement only in lower limbs and in the
moderate or mild impairment group [15]. We only found this correlation in patients with
severe motor conduction impairment, with CMCT at t0 > 140% of normal limits with no
difference between upper or lower limbs. Although we lack data of mJOA scores at one year,
the clinical improvement had already occurred at the 6-month follow-up. Lo and colleagues
found improvement in cases with upper TMS abnormalities. They suggest that upper limb
CMCT abnormality reflects a more severe affectation of the corticospinal tracts, as the upper
limbs are placed more medially in the cervical spinal cord [21]. They also found that upper
limb CMCT alteration at diagnosis is an independent predictor of good surgical outcome.
These results support our own results. 71.4% of patients in the severe degree of mJOA
improved, indicating that, even in cases with severe involvement from a neurophysiological
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point of view, surgery can be beneficial not only to prevent long-term worsening but also
to recover some of the lost functionality. In our patients with a moderate grade, clinical
improvement occurred independently of changes in neurophysiological tests. This fact
may suggest that follow-up through neurophysiological tests is less valuable than clinical
scale measurements, at least in this group and, if done, it should be performed at least one
year after surgery, which seems to correspond to the outcome in the rest of the groups of
impairment. As opposed to our results, Capone and colleagues described an improvement
in CMCTs in the lower limbs in those patients whose pre-surgical clinical involvement
was mild to moderate, compared to an absence of changes in patients whose initial clinical
severity was more significant [15]; Jaskolski measured pre- and post-surgical CMCTs in
patients with cervical spondylosis without finding valuable predictive information for
clinical outcomes [34].

Concerning SSEP, in some patients, there was a significant improvement in its values
at t2, with no differences between groups classified by the mJOA scale. We observed any
degree of improvement in any of the four limbs in 42.9% in the mild impairment group,
50% in the moderate impairment group, and 42.3% in the severe group, a similar pattern
to the motor changes observed by TMS. Narbone et al. have found SSEP to help in the
assessment of disease severity and for monitoring and quantifying function in the course
of patient recovery [17].

All patients except one had an MRI hyper-signal on T2 (STIR) before surgery. This
alteration means gliosis and, therefore, a definitive lesion [35]. The appearance of a low-
intensity signal on T1 would be more related to a worse post-surgical prognosis, although
hyperintensity on T2 may be a good marker of poor prognosis in the absence of hypointen-
sity on T1. A DWI sequence detects spinal cord damage before T1 and T2 images are
pathological so that it can detect spinal cord dysfunction earlier, with the potential benefit
of early detection [36,37]. However, on many occasions, the disease diagnosis is made
at this stage due to multiple causes such as late consultation of the symptoms or initial
confusion with other pathologies such as carpal tunnel syndrome. In our inclusion process,
we did not find patients without myelopathy signs visible on MRIs, except for the one
included. We can conclude of a late intervention concerning the onset of symptoms. Until
not long ago, the general trend was to use hyper-signal on MRI as one of the criteria for
the surgical approach. In a two-year follow-up study, Deftereos and colleagues found no
clinical deterioration in patients with cervical canal stenosis when the spinal cord func-
tion was preserved (assessed by neurophysiological tests and normal MRI cervical spinal
cord signals). Addotionally, they reported that TMS is a better long-term clinical outcome
predictor compared to MRI [17].

Considering the high percentage of patients with abnormal neurophysiological tests
at diagnosis in the mild impairment mJOA group (up to 71.4% of prolonged CMCT in
upper and in the lower limbs and up to 85.7% SSEP abnormalities in the lower limbs),
we think that neurophysiological tests are especially helpful supporting the initial clinical
diagnosis. In patients with compatible symptoms, with or without abnormalities in the
neurological examination, and normal spinal cord signal in MRIs, pathological TMS, and
PESS would be enough to assess spinal cord dysfunction and, therefore, to consider the
surgical treatment. Some authors have suggested that in patients who are candidates for
surgery, the treatment should be considered at an early stage of the disease [15]. Based on
these data, we believe it would be interesting to evaluate the inclusion of neurophysiological
tests in the therapeutic decision algorithm. For this purpose, further studies are necessary,
including a branch of patients with an early-stage diagnosis and surgical approach. This
group would be formed of patients with a milder degree of involvement (compatible
symptoms, normal MRI, and functional alteration verified by neurophysiological tests)
to assess the post-surgical evolution and correlate it with the clinical course of patients.
CMCTs performed in more than one muscle per limb could be helpful in detecting an earlier
functional spinal cord impairment. The surgical treatment in these patients would invest
in avoiding post-surgical neurological sequelae. According to Deftereos and colleagues,
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abnormality of TMS or SSEP would be mandatory before deciding on a surgical approach
helping in the setting of surgical indication [17]. Finally, and considering our results and
the difficulty in assessing the correlation of clinical and neurophysiological parameters at
follow-up through neurophysiological tests, we should think that clinical follow-up after
surgery is enough to assess outcomes. Our study is limited by the small number of patients
recruited and the loss of some patients due to neurophysiological test intolerance (n = 2).
The inclusion process and the follow-up found difficulty derived from the COVID-19
pandemic since the years analyzed were between 2018 and 2020.

The clinical evaluation was performed only at six months and not at 12 months, to be
able to compare it with the new neurophysiological examination at t2.

Different observers filled the mJOA scale at t1.
The study lacked a control group or a group without MRI spinal cord abnormalities

to compare.

5. Limitations

Our study is limited by the small number of patients recruited. The inclusion process
and the follow-up found difficulties derived from the COVID-19 pandemic since the years
analyzed were between 2018 and 2020, and some patients were lost due to different causes
already explained. The clinical evaluation was performed only at t1, and the mJOA scale at
t1 was filled by different observers. The mJOA was not available 12 months after surgery
to compare it with the second neurophysiological examination. Our study lacks a control
group or a group without MRI spinal cord abnormalities to compare.

6. Conclusions

According to our results, subjective improvements reported by patients correlated with
changes measured by the mJOA scale. Most patients recognize changes from two points.

The post-surgical follow-up of patients through neurophysiological tests (TMS and
SSEP) is of little use compared to clinical evaluation through anamnesis and neurolog-
ical examination and follow-up with scales, specially mJOA. In the case of performing
follow/up neurophysiological studies, the examination carried out one year after surgery
seems more reliable, avoiding misinterpretation due to the transient worsening observed
after surgery (six months after surgery) in some patients. We only observed a correlation
between evolution in mJOA with CMCT improvement when this time was severely pro-
longed (CMCT at t0 > 140% of the normal upper limit). Neurophysiological tests would
have value in the pre-surgical evaluation of patients with suggestive symptoms of DM
without MRI spinal cord nor neurological examination abnormalities.
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Appendix A

Table A1. mJOA score. Clinical conditions scored in the mJOA score and their value [6,7].

mJOA SCORE SCORE

MOTOR DYSFUNCTION SCORE OF THE UPPER EXTREMITIES

Inability to move the hands 0

Inability to eat with a spoon but able to move hands 1

Inability to button shirt but able to eat with a spoon 2

Able to button shirt with great difficulty 3

Able to button shirt with slight difficulty 4

No dysfunction 5

MOTOR DYSFUNCTION SCORE OF THE LOWER EXTREMITIES

Complete loss of motor and sensory function 0

Sensory preservation without ability to move legs 1

Able to move legs but unable to walk 2

Able to wake ono flat floor with a walking aid 3

Able to walk up and/or downstairs with handrail 4

Moderate to significant lack of stability but able to walk up and/or
downstairs without handrail 5

Mild lack of stability but walk unaided with smooth reciprocation 6

No dysfunction 7

SENSATION

Complete loss of hand sensation 0

Severe sensory loss or pain 1

Mild sensory loss 2

No sensory loss 3

SPHINCTER DYSFUNCTION SCORE

Inability to micturate voluntarily 0

Marked difficulty with micturition 1

Mild to moderate difficulty with micturition 2

Normal micturition 3

0–17

Table A2. Nurick score and description of abnormalities [9,10].

NURICK SCORE DESCRIPTION

Grade 0 Root signs or symptoms. No evidence of cord involvement

Grade I Signs of cord involvement. normal gait

Grade II Gait abnormality. Able to be employed

Grade III Gait abnormality prevents employment

Grade IV Able to ambulate only with assistance

Grade V Chairbound or bed ridden



Int. J. Environ. Res. Public Health 2023, 20, 3690 11 of 12

References
1. Nouri, A.; Tetreault, L.; Singh, A.; Karadimas, S.K.; Fehlings, M.G. Degenerative Cervical Myelopathy: Epidemiology, Genetics,

and Pathogenesis. Spine 2015, 40, E675–E693. [CrossRef] [PubMed]
2. Choi, S.H.; Kang, C.-N. Degenerative Cervical Myelopathy: Pathophysiology and Current Treatment Strategies. Asian Spine J.

2020, 14, 710–720. [CrossRef] [PubMed]
3. Karadimas, S.K.; Erwin, W.M.; Ely, C.C.; Dettori, J.R.; Fehlings, M.C. Pathophysiology and Natural History of CerviGal

SpondylotiG Myelopathy. Spine 2013, 38, S21–S36. [CrossRef] [PubMed]
4. Tetreault, L.; Goldstein, C.L.; Arnold, P.; Harrop, J.; Hilibrand, A.; Nouri, A.; Fehlings, M.G. Degenerative Cervical Myelopathy:

A Spectrum of Related Disorders Affecting the Aging Spine. Neurosurgery 2015, 77, S51–S67. [CrossRef]
5. Harrop, J.S.; Sharan, A.; Ratliff, J. Central cord injury: Pathophysiology, management, and outcomes. Spine J. 2006, 6, S198–S206.

[CrossRef]
6. Yonenobu, K.; Okada, K.; Fuji, T.; Fujiwara, K.; Yamashita, K.; Ono, K. Causes of neurologic deterioration following surgical

treatment of cervical myelopathy. Spine 1986, 11, 818–823. [CrossRef]
7. Yonenobu, K.; Abumi, K.; Nagata, K.; Taketomi, E.; Ueyama, K. Interobserver and intraobserver reliability of the japanese

orthopaedic association scoring system for evaluation of cervical compression myelopathy. Spine 2001, 26, 1890–1894; discussion
1895. [CrossRef]

8. Gembruch, O.; Jabbarli, R.; Rashidi, A.; Chihi, M.; El Hindy, N.; Wetter, A.; Hütter, B.-O.; Sure, U.; Dammann, P.; Özkan, N.
Degenerative Cervical Myelopathy in Higher-Aged Patients: How Do They Benefit from Surgery? J. Clin. Med. 2019, 9, 62.
[CrossRef]

9. Nurick, S. The pathogenesis of the spinal cord disorder associated with cervical spondylosis. Brain J. Neurol. 1972, 95, 87–100.
[CrossRef]

10. Nurick, S. The natural history and the results of surgical treatment of the spinal cord disorder associated with cervical spondylosis.
Brain J. Neurol. 1972, 95, 101–108. [CrossRef]

11. Vitzthum, H.-E.; Dalitz, K. Analysis of five specific scores for cervical spondylogenic myelopathy. Eur. Spine J. 2007, 16, 2096–2103.
[CrossRef] [PubMed]

12. Yin, L.; Zhang, J.; Wu, Y.; Li, J.; Yang, Q. Increased signal intensity of spinal cord on T2W magnetic resonance imaging for cervical
spondylotic myelopathy patients: Risk factors and prognosis (a STROBE-compliant article). Medicine 2020, 99, e23098. [CrossRef]
[PubMed]

13. Nouri, A.; Tetreault, L.; Zamorano, J.J.; Dalzell, K.; Davis, A.M.; Mikulis, D.; Yee, A.; Fehlings, M.G. Role of magnetic resonance
imaging in predicting surgical outcome in patients with cervical spondylotic myelopathy. Spine 2015, 40, 171–178. [CrossRef]
[PubMed]

14. 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.; et al. 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. 2017, 7 (Suppl. 3), 70S–83S. [CrossRef]

15. Capone, F.; Tamburelli, F.C.; Pilato, F.; Profice, P.; Ranieri, F.; Di Iorio, R.; Iodice, F.; Musumeci, G.; Di Lazzaro, V. The role
of motor-evoked potentials in the management of cervical spondylotic myelopathy. Spine J. 2013, 13, 1077–1079. [CrossRef]
[PubMed]

16. Nardone, R.; Höller, Y.; Brigo, F.; Frey, V.N.; Lochner, P.; Leis, S.; Golaszewski, S.; Trinka, E. The contribution of neurophysiology
in the diagnosis and management of cervical spondylotic myelopathy: A review. Spinal Cord 2016, 54, 756–766. [CrossRef]

17. Deftereos, S.N.; Kechagias, E.; Ioakeimidou, C.; Georgonikou, D. Transcranial magnetic stimulation but not MRI predicts
long-term clinical status in cervical spondylosis: A case series. Spinal Cord 2015, 53, S16–S18. [CrossRef]

18. Barker, A.T.; Jalinous, R.; Freeston, I.L. Non-invasive magnetic stimulation of human motor cortex. Lancet 1985, 325, 1106–1107.
[CrossRef]

19. Mills, K.R.; Murray, N.M. Corticospinal tract conduction time in multiple sclerosis. Ann. Neurol. 1985, 18, 601–605. [CrossRef]
20. Takahashi, J.; Hirabayashi, H.; Hashidate, H.; Ogihara, N.; Yamazaki, I.; Kamimura, M.; Ebara, S.; Kato, H. Assessment of Cervical

Myelopathy Using Transcranial Magnetic Stimulation and Prediction of Prognosis After Laminoplasty. Spine 2008, 33, E15–E20.
[CrossRef]

21. Lo, Y.-L. The role of electrophysiology in the diagnosis and management of cervical spondylotic myelopathy. Ann. Acad. Med.
Singap. 2007, 36, 886–893. [CrossRef] [PubMed]

22. Mazur, M.D.; White, A.; McEvoy, S.; Bisson, E.F. Transcranial Magnetic Stimulation of the Motor Cortex Correlates with Objective
Clinical Measures in Patients with Cervical Spondylotic Myelopathy. Spine 2014, 39, 1113–1120. [CrossRef] [PubMed]

23. Tetreault, L.; Wilson, J.R.; Kotter, M.R.N.; Côté, P.; Nouri, A.; Kopjar, B.; Arnold, P.M.; Fehlings, M.G. Is Preoperative Duration of
Symptoms a Significant Predictor of Functional Outcomes in Patients Undergoing Surgery for the Treatment of Degenerative
Cervical Myelopathy? Neurosurgery 2019, 85, 642. [CrossRef] [PubMed]

24. Gembruch, O.; Jabbarli, R.; Rashidi, A.; Chihi, M.; Hetze, S.; Barthel, L.; Toplak, A.; El Hindy, N.; Sure, U.; Dammann, P.; et al.
Surgery for Degenerative Cervical Myelopathy: What Really Counts? Spine 2021, 46, 294–299. [CrossRef] [PubMed]

http://doi.org/10.1097/BRS.0000000000000913
http://www.ncbi.nlm.nih.gov/pubmed/25839387
http://doi.org/10.31616/asj.2020.0490
http://www.ncbi.nlm.nih.gov/pubmed/33108837
http://doi.org/10.1097/BRS.0b013e3182a7f2c3
http://www.ncbi.nlm.nih.gov/pubmed/23963004
http://doi.org/10.1227/NEU.0000000000000951
http://doi.org/10.1016/j.spinee.2006.04.006
http://doi.org/10.1097/00007632-198610000-00016
http://doi.org/10.1097/00007632-200109010-00014
http://doi.org/10.3390/jcm9010062
http://doi.org/10.1093/brain/95.1.87
http://doi.org/10.1093/brain/95.1.101
http://doi.org/10.1007/s00586-007-0512-x
http://www.ncbi.nlm.nih.gov/pubmed/17922150
http://doi.org/10.1097/MD.0000000000023098
http://www.ncbi.nlm.nih.gov/pubmed/33285685
http://doi.org/10.1097/BRS.0000000000000678
http://www.ncbi.nlm.nih.gov/pubmed/25668335
http://doi.org/10.1177/2192568217701914
http://doi.org/10.1016/j.spinee.2013.02.063
http://www.ncbi.nlm.nih.gov/pubmed/23562331
http://doi.org/10.1038/sc.2016.82
http://doi.org/10.1038/sc.2014.220
http://doi.org/10.1016/S0140-6736(85)92413-4
http://doi.org/10.1002/ana.410180514
http://doi.org/10.1097/BRS.0b013e31815e5dae
http://doi.org/10.47102/annals-acadmedsg.V36N11p886
http://www.ncbi.nlm.nih.gov/pubmed/18071594
http://doi.org/10.1097/BRS.0000000000000358
http://www.ncbi.nlm.nih.gov/pubmed/24732853
http://doi.org/10.1093/neuros/nyy474
http://www.ncbi.nlm.nih.gov/pubmed/30445506
http://doi.org/10.1097/BRS.0000000000003750
http://www.ncbi.nlm.nih.gov/pubmed/33065693


Int. J. Environ. Res. Public Health 2023, 20, 3690 12 of 12

25. Özkan, N.; Chihi, M.; Schoemberg, T.; Dinger, T.F.; Helsper, M.; Parlak, A.; Jabbarli, R.; Ahmadipour, Y.; Sure, U.; El Hindy, N.;
et al. First neurological symptoms in degenerative cervical myelopathy: Does it predict the outcome? Eur. Spine J. 2022, 31,
327–333. [CrossRef]

26. Cruccu, G.; Aminoff, M.J.; Curio, G.; Guerit, J.M.; Kakigi, R.; Mauguiere, F.; Rossini, P.M.; Treede, R.-D.; Garcia-Larrea, L.
Recommendations for the clinical use of somatosensory-evoked potentials. Clin. Neurophysiol. 2008, 119, 1705–1719. [CrossRef]

27. DeLisa, J.A.; Lee, H.J.; Baran, E.M.; Lai, K.-S.; Spielholz, N. Manual of Nerve Conduction Velocity and Clinical Neurophysiology, 3rd
ed.; Raven Press: Newark, DE, USA, 1994; 516p.

28. Chiappa, K.H. Evoked Potentials in Clinical Medicine; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 1997; ISBN 978-0-397-
51659-9.

29. Abbruzzese, G.; Schenone, A.; Scramuzza, G.; Caponnetto, C.; Gasparetto, B.; Adezati, L.; Abbruzzese, M.; Viviani, G.L.
Impairment of central motor conduction in diabetic patients. Electroencephalogr. Clin. Neurophysiol. 1993, 89, 335–340. [CrossRef]

30. Tetreault, L.; Kopjar, B.; Nouri, A.; Arnold, P.; Barbagallo, G.; Bartels, R.; Qiang, Z.; Singh, A.; Zileli, M.; Vaccaro, A.; et al. The
modified Japanese Orthopaedic Association scale: Establishing criteria for mild, moderate and severe impairment in patients
with degenerative cervical myelopathy. Eur. Spine J. 2017, 26, 78–84. [CrossRef]

31. Tetreault, L.; Nouri, A.; Kopjar, B.; Côté, P.; Fehlings, M.G. The Minimum Clinically Important Difference of the Modified Japanese
Orthopaedic Association Scale in Patients with Degenerative Cervical Myelopathy. Spine 2015, 40, 1653–1659. [CrossRef]

32. Nakanishi, K.; Tanaka, N.; Kamei, N.; Ohta, R.; Fujioka, Y.; Hiramatsu, T.; Ujigo, S.; Ochi, M. Electrophysiological evidence of
functional improvement in the corticospinal tract after laminoplasty in patients with cervical compressive myelopathy: Clinical
article. J. Neurosurg. Spine 2014, 21, 210–216. [CrossRef]

33. Zhou, F.; Zhang, Y.; Sun, Y.; Zhang, F.; Pan, S.; Diao, Y.; Chen, X.; Zhao, Y. Profiles of and correlation between objective and
subjective outcome assessments following open-door laminoplasty for cervical spondylotic myelopathy. Chin. Med. J. 2014, 127,
2659–2663. [PubMed]

34. Jaskolski, D.J.; Laing, R.J.; Jarratt, J.A.; Jukubowski, J. Pre- and postoperative motor conduction times, measured using magnetic
stimulation, in patients with cervical spondylosis. Br. J. Neurosurg. 1990, 4, 187–192. [CrossRef] [PubMed]

35. Predictors of Return to Normal Neurological Function After Surgery for Moderate and Severe Degenerative Cervical Myelopathy:
An Analysis of A Global AOSpine Cohort of Patients—PubMed. Available online: https://pubmed.ncbi.nlm.nih.gov/31144725/
(accessed on 6 February 2023).

36. Kara, B.; Celik, A.; Karadereler, S.; Ulusoy, L.; Ganiyusufoglu, K.; Onat, L.; Mutlu, A.; Ornek, I.; Sirvanci, M.; Hamzaoglu, A. The
role of DTI in early detection of cervical spondylotic myelopathy: A preliminary study with 3-T MRI. Neuroradiology 2011, 53,
609–616. [CrossRef] [PubMed]

37. Vedantam, A.; Rao, A.; Kurpad, S.N.; Jirjis, M.B.; Eckardt, G.; Schmit, B.D.; Wang, M.C. Diffusion Tensor Imaging Correlates
with Short-Term Myelopathy Outcome in Patients with Cervical Spondylotic Myelopathy. World Neurosurg. 2017, 97, 489–494.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s00586-021-07060-3
http://doi.org/10.1016/j.clinph.2008.03.016
http://doi.org/10.1016/0168-5597(93)90073-X
http://doi.org/10.1007/s00586-016-4660-8
http://doi.org/10.1097/BRS.0000000000001127
http://doi.org/10.3171/2014.4.SPINE13545
http://www.ncbi.nlm.nih.gov/pubmed/25043085
http://doi.org/10.3109/02688699008992722
http://www.ncbi.nlm.nih.gov/pubmed/2397044
https://pubmed.ncbi.nlm.nih.gov/31144725/
http://doi.org/10.1007/s00234-011-0844-4
http://www.ncbi.nlm.nih.gov/pubmed/21344215
http://doi.org/10.1016/j.wneu.2016.03.075
http://www.ncbi.nlm.nih.gov/pubmed/27046013

	Introduction 
	Materials and Methods 
	Study Population 
	Neurophysiological Study 
	Cervical MRI 
	Study Design 
	Subjective and Objective Clinical Measures 
	Statistical Analysis 

	Results 
	Characteristics of the Population at Baseline (t0) 
	Post-Surgical Subjective Clinical Situation 
	Clinical Evaluation and Scales Scores at t0 and t1 
	Evolution of CMCT and SSEP at t0 and t1 

	Discussion 
	Limitations 
	Conclusions 
	Appendix A
	References

