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Informativeness of neurophysiological diagnostic methods in the
differentiation of motor neurons of spinal cord motor neuron disease

Objectives: Defining the principles and tactics of differential use of Neurophysiological (NPh) methods in
cervical spondilotic myelopathy (CSM) diagnosis.

Materials and methods. Analysis of the clinical and NPh examination data of 160 patients (from 31
to 76 years of age) suffering from CSM. The examination techniques used: clinical and neurological;
neurovisualizing (MRI, CT, functional spondylography); a set of NPh methods, namely: stimulation
electromyography (ENMG) with F-wave recording (188 examinations); needle EMG (105); motor evoked
potentials (MEP) (188); somatosensory evoked potentials (SSEP) (50); single fiber EMG with determination
of average density of muscle fibers in motor units and reliability of neuromuscular transmission (32).

Results. An optimal scheme of the use of NPh diagnostic methods in patients with SCM was worked out and
applied. Out of the total of 160 patients examined, 19 (11.9%) had motoneuron involved; 32 (20%) had ALS
syndrome at the background of cervical spondylosis; 59 (36.9%) patients had concomitant radiculopathy,
etc. The sensitivity of MEP technique in the identification of partial spinal cord compression in cervical
spondylosis was confirmed - 134 (83.8%) cases; SSEP - 29 (58%). The clinical example illustrates the role
of jitter-analysis in the cases when a subtle differentiation between the motoneuronal disease, ischemic
and compression injury of the spinal cord motoneurons is necessary.

Conclusions. An optimal scheme of the use of NPh diagnostic methods in patients with CSM was suggested.
Due to the use of motor and somatosensory evoked potential techniques, the diagnosis of the spinal cord
conduction structures compression and evaluation of the degree of their functional disorders were improved.
The use of jitter-analysis allows to increase the information value of NPh diagnosis of the spinal motoneuron

involvment, especially at the early stages of the pathological process.
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Introduction. In our previous studies [1,2]
we analyzed the principles and tactics of the use of
neurophysiological (NPh) diagnostic methods on the
basis of the NPh examination of 160 patients with
cervical spondylotic myelopathy (CSM) in the course of
their surgical and non-surgical treatment. In spite of
significant achievements of neurovisualizing technologies
in the objective assessment of the functional condition of
segmental and conduction structures of the spinal cord,
there still remain unclarified questions, including the
theoretical and purely methodological ones. The number
of published works dedicated to NPh monitoring of the
spinal function in patients with compression myelopathy
has been steadily increasing lately, which reflects the
importance of the problem of diagnosis and treatment
of the pathology.

The spinal function disorders, especially that
classified as myelopathy, occur in the neurologists’ and
neurosurgeons’ clinical practice almost on the daily basis.
It is due to high incidence of vertebral column pathology
and the patients’ delay in seeking medical advice on the
one hand, and imperfection of the pathology diagnosis,
insufficient effectiveness of treatment measures, as well
as rather high degree of incapacitation of the patients, on
the other hand. The cause of spinal cord compression is
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usually the median protrusion of the intervertebral disc
at C,-C,, C,-C,, level.

The spinal cord dysfunction can occur both due to
its direct mechanical compression, static or dynamic, at
the moment of movement, and to the compression of
the vessels supplying the spinal cord (myeloischemia).
The factor contributing to the spinal compression at the
cervical level of the vertebral column is a congenital
or acquired vertebral canal stenosis (i.e.its diameter
is less than 11 mm, and the correlation between the
anteroposterior diameter of the vertebral canal and the
vertebral body is less than 0.8 mm).

In certain cases the changes in the vertebral column
revealed with the help of radiography, CT scan or MRI
may be clinically asymptomatic. On the other hand, the
finding of an intervertebral disc herniation, spondylosis
or stenosis of the vertebral canal, does not necessarily
mean that only they can cause the patient’s neurological
disorders.

According to etiology, the most frequent cause of
the cervical myelopathy syndrome is the spondylogenic
spinal cord compression as a result of: spondylosis,
intervertebral disc hernia, acquired stenosis of the
vertebral canal, compression by posterior osteophytes,
hypertrophied ligament, etc. (according to ICD-10: codes
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M50+, M47.1 (G99.2*); a likely spondylogenic vascular
compression of the anterior spinal or vertebral artery
with ischemic myelopathy (code M47.0+ (G99.2*). The
range of diseases which require differential diagnosis
is as follows: consequences of vertebrospinal trauma,
tumours of this level (extra- and intramedullar),
amyotrophic lateral sclerosis (ALS), syringomyelia,
transverse myelitis, hereditary spastic paraplegia,
disseminated (multiple) sclerosis, etc [3]. The etiological
factor of the compression injury of the spinal cord may
be a craniovertebral anomaly, in particular, Chiari 1
malformation (code Q07.0).

In agreement with modern concepts ideas of
pathophysiological mechanisms of CSM develpoment,
we analyzed a number of typical electrophysiological
phenomena which are supposed to accompany the
spinal cord compression at the cervical level, including
the involvement of the anterior horn motoneurons in the
pathologic process.

The objective of the study: to determine the
principles and tactics of differentiated application of NPh
methods in CSM diagnosis.

Materials and methods. We have been observing
160 patients with CSM since 2007. 96 (60%) out of
them were male and 64 (40%) - female. The age range
of the patients was from 31 to 76 (52.28+11.83 on the
average). We used the following methods of examination:
clinico-neurological, neurovisualizing (MRI, CT, functional
spondylography). The set of NPh methods included: 1)
standard stimulating ENMG with F-wave recording (188
tests); 2) needle electromyography (EMG) (105 tests); 3)
motor evoked potentials (MEP) to transcranial magnetic
stimulation (TMS) and spinal magnetic stimulation (MS)
(188); 4) recording of somatosensory evoked potentials
to median nerve stimulation (SSEP) (50).

EMG examination of a single fiber is very important
for differentiation of incipient signs of the spinal
motoneuron involvement and assessment of denervation-
reinnervation changes [4]. It was necessary to use these
more subtle (sensitive) methods of examination in 32
(20%) cases to confirm or disprove the involvement
of spinal motoneurons in the pathologic process. The
needle EMG allows to evaluate the morpho-functional
organization of motor units, preservation of innervation,
the extent of reinnervation (reorganization), i.e.,
characterize the condition of peripheral neuromotor
system. The single fiber EMG enables us to study the
electrical activity of separate muscle fibers, and also
determine their density in motor units (MU) and reliability
of neuromuscular transmission with the help of jitter-
method [4]. Jitter is a deviation of the off period interval
of the action potential of two muscle fibers which belong
to one MU. The density of muscle fibers reflects the
average number of muscle fibers belonging to one MU
within a radius of 300 pm.

To measure the jitter, we placed the electrode for
single fiber recording in the muscle so that it could be
possible to record the potentials of two adjacent muscle
fibers belonging to one MU. The value of jitter is normally
5 -50 ps. In case of a disorder caused by any pathology,
the jitter value increases. We also determined the muscle
fiber density in a MU. The average fiber density was
measured in conventional units by means of calculating
the average number of single muscle fiber potentials

belonging to different MU. This value in healthy patients
varies from 1.2 to 1.8, depending on the muscle and on
the age. The increase of muscle fiber density in an MU
reflects the change of MU structure.

NPh diagnosis was made on the «Neuro-MEP-4»
(«Neurosoft», RF) equipment with the use of «Neuro-
MS» magnetic stimulator («Neurosoft», RF).

All the patients gave their informed consent to our
conducting NPh examination.

The statistical data processing was carried out
with the help of «Statistica 6» application package, the
sampling method: sample mean value, mean error;
for the definition of the likelihood of the difference
between the groups - a nonparametric technique: for
binary features - Pearson’s chi-squared test; for two
independent groups comparison - Mann-Whitney U-test.
The difference was considered feasible when p<0.05. The
correlation between the indices was estimated with the
help of the Spearman correlation coefficient.

Results and discussion. The main complaints
of the patients were as follows: bilateral numbness
of the extremities (in 58% of patients), discomfort in
walking (56%), weakness in the extremities (68%). the
patients usually noted certain clinical manifestations with
periods of occasional worsening. Clinically, myelopathy
manifested itself in combined or isolated signs of Brown-
Sequard syndrome, central spinal syndrome, anterior
spinal cord syndrome.

In fact, the necessity of evaluation of degenerative
dystrophic changes in the vertebral column in relation
to clinical manifestations of myelopathy arises in clinical
practice on a daily basis. Such a task, as well as the
problem of differential diagnosis, as a rule, dictate the
need for use of NPh techniques to diagnose the condition
of segmentary and conduction structures of the spinal
cord. We have developed and tried out the following
scheme of NPh examination of the patients with CSM in
our clinical studies (Fig.1).

MU - motor unit; MUP — motor unit potential, SNAP-
sensory nerve action potential; CMAP — compound mixed
nerve action potential; DRP - denervation-reinnervation
process, FP - fibrillation potential; PShW - positive sharp
wave; FscP - fasciculation potential; SF EMG - single fiber
EMG; NCV - nerve conduction velocity; M- and F- muscle
potential under stimulation ENMG; MEP - motor evoked
potential; CMCT —-central motor conduction time; SSEP
- somatosensory evoked potential.

Following the above scheme of diagnostic examination
we managed to pick out of the total number of the
examined patients the 19 who had motoneuronal injury;
we identified ALS syndrome at the background of cervical
myelopathy in 32 (20%) patients; root(s) involvement
- in 59 (36.9%) patients, and diagnosed concomitant
tunnel syndromes: in 14 (8.8%) patients with carpal
tunnel syndrome and 5 (3.1%) - with cubital tunnel
syndrome; polyneuropathy - in 18 (11.3%) patients.

MEP is a sensitive technique for detection of subtle
(pre-clinical) changes as a result of partial spinal cord
compression in cervical spondylosis - the deviation of
MEP indices was recorded in 134 (83.8%) cases whereas
median SSEP deviation was registered in 29 (58%) out
of 50 patients examined.

As is well-known, it is rather difficult to diagnose
ALS at the early stages of the disease, especially when
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Fig.1. The scheme of complex NPh examination

there exist degenerative-dystrophic changes of the
cervical spine and the combination of such changes
in the lumbar spine. Controversial cases require NPh
reevaluation and other retests. Needle EMG is considered
the most important instrument of NPh detection of
denervation changes in muscles. If there is a reason
to suspect a motoneuron disease on the basis of NPh
examination (Fig.1, block III), it is necessary 1) to
confirm the peripheral motoneurons involvement in the
most damaged muscles; 2) to detect the NPh signs of

of a patient with CSM.

the peripheral motoneurons injury in the less clinically
damaged muscles provided that the nerves are intact.

However, the results obtained are not specific
for ALS, as they may be found in cases of spinal
cord diseases (for instance, the spinal amyotrophy,
poliomyelitis, syringomyelia), motor root diseases (e.g.
polyradiculoneuropathy) and peripheral nerve diseases
(axonal polyneuropathies) [5].

The absence of fasciculation potentials (FscP)
causes doubts in the motoneuron disease diagnosis,
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but does not exclude it. Jitter-analysis may be helpful
for the unstable MUP detection in controversial cases.
The considerable increase of jitter and the instability of
certain MUP components is explained by the fact that
the newly created (as a result of sprouting) terminals
and immature synapses do not work with the sufficient
degree of reliability. If this occurs, the patients with
fast progression of the process demonstrate the most
significant jitter and blocking of impulses. The stable
form of MUP and the absence of impulse blocking in MUP
recording will correspond to a relatively slow progression
of the process and the effective reinnervation [6].

We believe the clinical case, which required the
use of a number of diagnostic techniques and the
consultations of various specialists, to be typical and
at the same time totally individualized. The patient I.,
a 56- year-old female, was referred to the Institute of
Neurosurgery with complaints of weakness in her lower
and upper extremities, inability to walk unaided, pains in
lumbar spine. The anamnesis: she was twice operated on
for intervertebral disk herniation excision at L-S, level,
had adhesive epiduritis. The first complaints of weakness
in her upper extremities appeared within a year after
the last surgery. She arrived for the examination in a
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np., Deltoideus, Axillaris, C5 C6

Fig.2. The single fiber EMG in the deltoid muscle (muscle
strength 3 points). The jitter indices are within the nor-
mal range - 32.4 ps (normal up to 50 ps); impulse block-
ing was not observed. The muscle density in the given
MU (the spike number) was increased in the 1st case (A)
to 8 SI units, in the 2" (B) - to 4 SI units.

DEMP KIEV
Conceno

Fig. 3. The cervical spine MRI of the 56-year-old female patient. A -
sagittal; B - axial section.

wheel-chair; lost 7 kg during the year. The meningeal
and non-focal neurological symptoms absent; the
cranial nerve function adequate; hypotrophy of upper
extremity distal muscles; weakness in upper and lower
extremities - tetraparesis in the form of upper spastico-
atrophic paraparesis and lower spastic paraparesis;
reduced sensitivity in the L,-S, dermatomes; pelvic organ
functions unimpaired.

The ENMG data of upper extremities: excitation
conduction velocity indices along the motor and sensory
nerve fibers in upper extremities within normal range;
significant reduction of distal muscle M-response
amplitude (up to 25-35% of the normal). According to
needle EMG data in distal and proximal muscles of upper
extremities, no signs of acute denervation process were
detected. MUP had neuronal (type) changes. As the
clinical data dictated the necessity of differentiation
with ALS disease, we used the jitter method which is
considered to be mainstream in the diagnosis of the fine
mechanisms of denervation.

The jitter-analysis data in the deltoid muscle were
within the normal range; an increased density of muscle
fibers was noted which was the evidence of excessive
complete reinnervation (Fig.2).

The needle EMG of the muscles innervated by
L,-S, roots (buttocks, lower legs, feet), rare cases of
spontaneous activity in the form of PShW and FP in
m.tibialis anterior dex were observed; the signs of
moderate chronic denervation in the form of increased
amplitude and MUP duration, significant polyphasy in
mm.gluteus maximus, biceps femoris, tibialis anterior
et extensor digitorum brevis were identified.

The ENMG examination allowed us to conclude that
no signs of the spinal cord motoneurons generalized
involvement were established. There was a maximum
likelihood of cervical myelopathy with cervical
intumescence motoneuron involvement. The changes
in the needle EMG in the muscles of the lower extremities
corresponded to the signs of root damage. The patient
was recommended to do a cervical spine MRI (Fig.3).

The cervical spine MRI (Fig.3) showed: complicated
osteochondrosis (antespondylolisthesis) of C,,
vertebra, uncovertebral spondylarthrosis deformans,
spondylosis) of cervical spine, secondary myelopathy
with myelomalacia or ischemic type spinal circulatory
disturbance?

Thus, comparing the results of Nph and MRI tests,
we received a confirmation of pathologic
process with peripheral motoneuron
degeneration at the cervical intumescence
level (most likely, of ischemic origin).
The absence of generalized motoneuron
involvement according to needle EMG
data and normal jitter indices, as well as
the absence of impulse blocking, were
indicative of neuromuscular contact
stability, though the clinical presentations
lasted for about 12 months. It conforms to
the statements that in cases of neurogenic
chronicity [5, 6], normal jitter indices and
absence of impulse blocking is evidence
of neuromuscular contact stability and
completion of reinnervation processes in
MU. According to the published research
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data, single fiber EMG may be very important for
confirmation or exclusion of the deviations in mild
manifestations of or doubts about neuronal diseases
[7,8]. As a result of due to the verification of the sufficient
number of muscles with the help of this technique,
the presence of deviations may be established even in
subclinical cases. A combination of jitter measurements
and muscle fiber density allows us to identify the stage
and completeness of reinnervation, as the increase of
muscle fiber density and MU component stability reflect
the reinnervation completeness.

Our research enabled us to systematize the
approaches to clinical interpretation of NPh diagnosis
results in patients with SCM. The use of a complex
of modern NPh methods considerably improves the
diagnostics of this pathology.

Conclusion

A scheme of the use of the optimal sequence of NPh
methods for SCM diagnosis has been suggested.

The use of MEP and SSEP techniques makes it
possible to improve the diagnosis of SCM, spinal cord
conduction structures compression, and assess the
degree of their function impairment.

The use of jitter-analysis is highly informative for the
differential diagnosis of motoneuron disease, especially
at the early stages of the pathologic process. In order
to identify the involvement of the peripheral and central
motoneurons in patients with SCM it is appropriate to
use a complex of NPh techniques taking into account
the predominant clinical presentations, the stage of the
disease and its treatment, the dynamics of NPh sign
changes.
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IHncdopmaTuBHICTb HellpodizionoriuHnx metoais AiarHOCTUKM B
AndepeHuiadii ypa>xeHHI MOTOHEPOHIB CMUHHOIO MO3KY

MeTa gocnip)eHHs — BU3HAYNTU NPUHUMNAN | TaKTUKY AMdepeHLinoBaHOro 3aCTOCyBaHHSA KOMMJIEKCY
Henpod@izionoriyvHnx (H®) meToAis B AiarHOCTULI CIOHAMNOrEeHHOI WninHoi MienonaTii (CLUM).

MaTepianun i metoam pocnip>xeHHA. lpoaHanizoBaHi pe3ynbTaTu KNiHiko-HenpodilionoriyHoro
pocnigxeHHs y 160 nauieHTiB BikoM Big 31 Ao 76 pokis 3 CLLUM. BukopucTaHi MeToAN: KJiHIKO-HEBPOIOTiYHNIA;
Henposisyanisytodi (MPT, KT, dyHKkUiOHanbHa cnoHannorpadis); komnnekc H® meTtodiB — cTumynsuiriHa
enekTpoHeripomiorpadgis (EHMIN) 3 peecTpauieto F-xBuni; ronkosa EMI; MOTOpHiI BUKAMKaHI noTeHuianm
(MB); comaToceHCOpHI BUKNnkaHi noteHuiann (CCBIM); EMI n00ANMHOKOrO M'A30BOr0 BOJIOKHA 3 BU3HAUYEHHAM
cepefHbOi WiNbHOCTI M'A30BMX BOSIOKOH B PYXOBUX OAUMHULUSX | HAAIMHOCTIi HEpBOBO-M'30B01 Nepeaaui.

Pe3ynbTraTn. Po3pob6neHa i 3acTocoBaHa B AOC/iAXEHHI cXeMa ONTMMasibHOT NOCIiAOBHOCTI BUKOPUCTaHHS
MeToAiB HO giarHocTmku y nauienTis 3 CLUM. Y 19 (11,9%) nauieHTiB BUSBNEHE YPaXEeHHAM MOTOHENPOHIB,
y 32 (20%) — cunapom BAC Ha Tni CWUM; y 59 (36,9%) — cynyTHs paaukynonatis Towo. [JoBeaeHo
YyTAMBICTb MeTOoAY MBI WoA0 BUAB/IEHHS YaCTKOBOT KOMMNPECii CMIMHHOIO MO3KY NpU LWMNHOMY CMOHAUBO3I
—y 134 (83,8%) xBopux, CCBIN —y 29 (58%). Ha kniHiYyHOMYy npuknaai BU3HauYeHa posb AXUTTep-aHanisy
3a HeobxigHOCTi TOHKOT AndepeHuiauii XBopobM MOTOHENPOHIB, iLLEMIYHOrO Ta KOMMNPECIAHOIO ypaXKeHHs
MOTOHEWNPOHIB CMTMHHOIO MO3KY.

BUCHOBKM. 3anpoOnoHOBaHO CXeMy ONTMManbHOI NOCNIAOBHOCTI BUKOPUCTaHHA MeToAiB HD giarHOCTUKMU
y nauieHTis 3 CLLUM. 3aBaskun 3acTtocyBaHH MeToais MBI i CCBIl yagocKoHaneHo AiarHOCTUKY KoMnpecii
NPOBIAHUX CTPYKTYP CAMHHOIO MO3KY Ta TAXKOCTI NOPYLUEHHS iX DYHKUiN. BUKOPUCTaHHA AXUTTEp-aHanisy
[03BOJSE NiABULWLMTHN iHPOPMaTMBHICTb HO aiarHOCTUKM ypaxXeHHS MOTOHEeNPOHiB CMMHHOI0 MO3KY, 0CO06/1MBO
Ha paHHIiX CTagisX NaTonoriyHoOro npouecy.
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OTaeneHne PyHKUMOHANbHON ANAarHOCTUKK, HCTUTYT Henpoxupyprum nm. akaa. A.lN. PomogaHosa HAMH YkpauHbl, Knes, YkpavHa

NHbOpMaTUBHOCTb HepPOodhU3IN0NIOrMYuecKMX MeToA0B AUArHOCTUKU B
AnddepeHUMaLUNm NOPaAXKEHUSA MOTOHEHPOHOB CMIMHHOIO MO3ra

Llenb nccnepoBaHma — onpeaennTb NPUHLUMIMBLI U TaKTUKY ANddepeHUNPOBAHHOINO NPUMEHEHNS KOMMJIeKca
Henpoduanonormyecknx (HO®) meTonoB B AMArHOCTMKE CMOHANIOrEHHON WwenHon Mnenonatum (CLUM).

MaTepuanbl n MeTOAbI UCCieaoBaHUA. [poaHanM3npoBaHbl pe3ysbTaTbl KIMHUKO-HENPOMdU3N0IOrMyecKoro
nccneposanums y 160 naumeHToB B Bo3pacTe oT 31 go 76 net ¢ CLLUM. Micnonb3oBaHbl METOAbI: KJIMHUKO-
HeBpoJlornyeckuii; Hemposusyanusupytowme (MPT, KT, pyHKUMOHaNnbHa cnoHannorpadusa); komnaekc HO
MeToAO0B — CTUMYNSUMOHHAaa 3anekTpoHeripomuorpadpumsa (SHMIN) ¢ perucTpaumelnt F-BonHbl, MronbyaTtas
SMI, MOTOpHbIe Bbl3BaHHble NoTeHumanel (MBI), coMaTOCEHCOPHbIE Bbi3BaHHbIe noTeHumansl (CCBM), Ml
€AMHWNYHOIrO MbILEeYHOro BOJSIOKHA C onpejeneHnemM cpeHen NI0THOCTM MblleYHbIX BO/TIOKOH B ABUraTeNbHbIX
eAVHNLAaX U HaAeXHOCTU HEPBHO-MbILEYHON Nepeaayn.

PesynbtaTtbl. Pa3pabortaHa u npumeHeHa B MCCef0BaHWM CXeMa ONTMMasbHOM MOCNeAoBaTeNlbHOCTU
Mcnonb3oBaHna mMetoaoB HO amarHoctuky y naumentoB ¢ CLUM. Y 19 (11,9%) nauMeHTOB BbISIBJIEHO
rnopa)xeHue MOTOHENpPOHOB, ¥ 32 (20%) — cnHapom BAC Ha doHe CLUM, y 59 (36,9%) — conyTcTBylowas
paaukynonatusa. [JokaszaHa 4yBCTBUTENIbHOCTb MeToAa MBIl ansa BbISBNEHUS 4YacTUYHOM KOMMOpeccuu
CMMHHOro MO3ra npu WweHoM cnoHannese —y 134 (83,8%) 6onbHbix, CCBIMN — y 29 (58%). Ha knnHnyeckom
npuMepe onpeaesieHa posjb AXUTTep-aHanusa npu Heob6xoAMMOCTN ToHKOW anddepeHumaumm 6onesHun
MOTOHEWNPOHOB, NLIEMUYECKOrO M KOMNPECCUOHHOI0 NOpaXeHnss MOTOHENPOHOB CMUHHOIO MO3ra.

BbiBOADI. [IpeanoxeHa cxeMa oNTMManbHOW NocneAoBaTelbHOCTU CMONb30BaHNSA MeToA0B HO AnarHocTmkm
y naumeHTos ¢ CLUM. Bnaropgaps npumeHeHuto metogos MBI 1 CCBI ycoBeplueHCTBOBaHA AMArHOCTUKa
KOMMpeccum NpoBOASALWMX CTPYKTYP CMMHHOIO MO3ra M TSXXeCTU HapyleHus nx dyHkuunun. Micnonb3osaHue
AXUTTep-aHann3a no3BOsISET NOBbICUTb MHPOPMATMBHOCTbL HD AMArHOCTUKM nopaXKeHMs MOTOHENPOHOB
CMUHHOro Mo3ra, 0CO6eHHO Ha paHHMX CTaAusaX NaToNOrMYecKoro npolecca.
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