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VIEW AND REVIEW

How can neurophysiological studies help
with movement disorders characterization
in clinical practice? A review

Como os exames neurofisiolégicos podem ajudar na caracterizacao dos
transtornos do movimento na pratica clinica? Uma revisao

Talyta GRIPPE™?, Natalia Spinola Costa da CUNHA?, Pedro Renato de Paula BRANDAO?,
Rubens Nelson Morato FERNANDEZ?, Francisco Eduardo Costa CARDOSO®

ABSTRACT

Background: Neurophysiological studies are ancillary tools to better understand the features and nature of movement disorders.
Electromyography (EMG), together with electroencephalography (EEG) and accelerometer, can be used to evaluate a hypo and hyperkinetic
spectrum of movements. Specific techniques can be applied to better characterize the phenomenology, help distinguish functional from
organic origin and assess the most probable site of the movement generator in the nervous system. Objective: We intend to provide an
update for clinicians on helpful neurophysiological tools to assess movement disorders in clinical practice. Methods: Non-systematic
review of the literature published up to June 2019. Results: A diversity of protocols was found and described. These include EMG analyses
to define dystonia, myoclonus, myokymia, myorhythmia, and painful legs moving toes pattern; EMG in combination with accelerometer
to study tremor; and EEG-EMG to study myoclonus. Also, indirect measures of cortical and brainstem excitability help to describe and
diagnose abnormal physiology in Parkinson’s disease, atypical parkinsonism, dystonia, and myoclonus. Conclusion: These studies can be
helpful for the diagnosis and are usually underutilized in neurological practice.
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RESUMO

Introducéao: Os estudos neurofisiolégicos sao métodos auxiliares para compreender melhor as caracteristicas e a natureza dos distirbios
do movimento. A eletromiografia (EMG), em associagédo com o eletroencefalograma (EEG) e o acelerémetro, podem ser utilizados para
avaliar um espectro de movimentos hipo e hipercinéticos. Técnicas especificas podem ser aplicadas para melhor caracterizar a
fenomenologia, ajudar a distinguir a origem psicogénica da orgénica e avaliar o local mais provavel de geracdo do movimento no sistema
nervoso. Objetivo: Pretendemos fornecer ao clinico uma atualizacdo sobre ferramentas neurofisiolégicas Uteis para avaliar distlrbios do
movimento na pratica clinica. Métodos: Revisdo nédo sistemaética da literatura publicada até junho de 2019. Resultados: Uma diversidade
de protocolos foi encontrada e descrita. Dentre eles, inclui-se o uso de EMG para a definicao do padrao de distonia, mioclonia, mioquimia,
miorritmia e painfull legs moving toes, além do uso de EMG em associacao ao acelerdmetro para avaliar tremor e, em associacao ao EEG
para avaliar mioclonia. Ademais, técnicas para medida indireta de excitabilidade cortical e do tronco encefalico ajudam a descrever e
diagnosticar a fisiologia anormal da doenca de Parkinson, parkinsonismo atipico, distonia e mioclonia. Conclusao: Esses estudos podem
ser Uteis para o diagnostico e geralmente sdo subutilizados na préatica neurolégica.
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Since the 1970s, neurophysiological studies have emerged
as complementary tools to better understand the features and
the nature of movement disorders'. Moreover, neurophysiolog-
ical tests became useful to explore pathophysiological basis of
neurological diseases?, including different indirect measures
of the brainstem and cortical excitability in Parkinsonism,
dystonia, and myoclonus*. They are also potential tools to
clarify the origin of abnormal movements and to differenti-
ate between organic and functional disorders, previously also
referred as psychogenic disorders. Diverse techniques, such as
bereitschaftspotential, back-averaging electroencephalogram-
electromyography (EEG-EMG), and special studies using dif-
ferent paradigms for tremor can be applied for this function>*"%.

The definition of the type or origin of the movement is
most of the times a critical necessity for the clinician, as it
can guide treatment efforts through different pathways.
The application of neurophysiological studies in clinical
practice is currently bellow its potential capacity; the more
commonly assessed conditions are painful legs moving toes,
orthostatic tremor, and myoclonus, which have neurophysi-
ological criteria included in diagnostic standards®'®!'. A more
widespread application in clinical practice would contrib-
ute to a better understanding of other conditions, including
tremor, dystonia, and Parkinsonism, and possibly also play
a role in refining the diagnosis, adding specific information
about phenomenology. This review aims to draw a guide to
clinicians to critically assess potentially helpful neurophysi-
ological studies in the diagnosis of movement disorders.

TREMOR

Tremor is the most prevalent phenomenon in move-
ment disorders clinics' The latest MDS consensus classifies
tremor into two different axes, considering clinical features
(axis 1) and etiology (axis 2). The clinical characteristics (axis
1) are crucial. An expert clinician should evaluate body distri-
bution, activation context, and tremor frequency. These fea-
tures help to classify the tremor into one of the commonly
recognizable syndromes'. Electromyography (EMG) with
surface electrodes can be placed on antagonist muscles, such
as extensor carpiradialis (ECR) and flexor carpi ulnaris (FCU),
together with an accelerometer, in order to evaluate tremor
frequency, synchronous or alternating activity of antagonist
muscles, burst duration, and frequency/amplitude variations
induced by weight-bearing or posture change®.

To ascertain the clinical utility of electrophysiological
evaluation of tremor, a study recruited 525 patients and com-
pared neurophysiologically characterized tremors to special-
ists’ clinical evaluations as the gold standard. The study used
surface electrodes in antagonist muscles and measured the
pattern, frequency, amplitude, and burst duration of contrac-
tions during tremor occurrence. To assure the stability of the
measured features, patients were reevaluated three times in

one year. The results showed relevant reproducibility of the
data through follow-up'. The electrophysiological features of
tremors are represented in Table 1.

Another interesting study by Schwingenschuh and col-
laborators proposed an alternative criterion for functional
tremor based on the combination of surface EMG and accel-
erometer recordings®. This criterion, as compared to clini-
cal evaluation — the gold standard — showed high accuracy
(specificity: 95.9%; sensitivity: 89.5%). With this technique,
tremor analysis is performed while bearing weight, dur-
ing distracting tasks (ballistic movements and finger tap-
ping), and compared to the contralateral side. A final score
higher than three correlates with functional tremor diagno-
sis (Table 2). A retrospective study with 210 patients used
similar criteria and showed high specificity in distinguishing
between functional, physiological, or essential tremor?.

Orthostatic tremor is a particular type of tremor usually
explored with EMG. It is described as occurring only when
standing and in a high frequency of 13-18 Hz", with a mus-
cular-muscular coherence, representing the one common
central generator'®. The neurophysiological study is indis-
pensable for distinguishing orthostatic tremor from ortho-
static myoclonus, which can be clinically very difficult to

Table 1. Neurophysiological features of common tremor
syndromes’.

Frequency Amplitude =l
Tremor type Pattern ?Hz) Y (‘:nV) duration
(ms)
Parkinsonian  Alternating 5-8 >0.1 50-150
Essential Synchronpus/ 5.8 5041 50-150
tremor Alternating
Functional Alternating 5-8 >0.1 50-150
Rubral Alternating <5 >0.1 >150
Table 2. Functional tremor criteria.
Feature Points

Inability to maintain the finger tapping maneuver
for 30 s in the less affected hand guided by a 1
metronome in 1 (0.5-1.5) Hz

Inability to maintain the finger tapping maneuver
for 30 s. in the less affected hand guided by a 1
metronome in 3 (2.5-3.5) Hz

Inability to maintain the finger tapping maneuver
for 30 s in the less affected hand guided by a 1
metronome in 5 (4.5-5.5) Hz

Entrainment, suppression or pathologic shift of the
tremor frequency during the finger tapping task

Interruption or reduction of greater than 50% of the
tremor amplitude during the ballistic maneuver

Tonic coactivation of antagonist muscles 300 ms
before tremor initiation

Bilateral coherence of the tremor 1

Increase in amplitude with weight 1
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differentiate'®. The orthostatic myoclonus has a median fre-
quency range from 3-7 Hz, with usually burst duration of less
than 50 ms. The most affected muscle is the tibial anterior
with a synchronous activation of the homologous muscle'’.
EMG could also help to distinguish tremor secondary
to idiopathic PD from tremor secondary to drug-induced
Parkinsonism. A study compared tremor characteristics from
patients with drug-induced Parkinsonism caused by dopamine
blockers, flunarizine, or valproate to patients with idiopathic
PD. The latter showed an alternating tremor pattern, whereas
drug-induced more commonly exhibited synchronous pattern,
with longer burst duration, higher frequency, and smaller ampli-
tude, as recorded with either surface or needle electrodes'.

PARKINSON’S DISEASE
AND OTHER PARKINSONISMS

Many features other than tremor can be explored using
neurophysiology in PD and related disorders. The blink
reflex, for example, has been widely explored in this context.
This measurement consists of stimuli in supraorbital nerves
with ipsi and contralateral recording of orbicularis oculi mus-
cle activity. Blink reflex demonstrates two responses: an early
response, referred to as R1 (unilateral and oligosynaptic) and
a late response, referred to as R2 (bilateral and polysynap-
tic). When paired supraorbital nerve stimulation is executed,
the second R2 response is usually inhibited". The degree
of inhibition is more prominent with shorter interstimulus
intervals. The ratio between the recovery cycle of the sec-
ond and first response is a measure of inhibition within the
internal brainstem networks, the basal ganglia, and the cor-
tex, and is referred as the R2 recovery cycle. PD patients usu-
ally exhibit early R2 recovery with an interstimulus interval of
about 125 ms, in comparison to control individuals that dis-
play an R2 recovery starting in the interval between 250 and
300 ms?*. This lack of inhibition, known as enhanced R2 recov-
ery cycle, as shown in PD, is credited to the impaired function
of interneurons and is indicative of a hyperexcitable brain-
stem® A recent study correlated the degree of enhancement
with increased lateral flexion (Pisa syndrome) in PD*.

Other brainstem neurophysiological tests can also help
to differentiate PD from atypical Parkinsonism. It includes

trigeminal-cervical, startle and palmomental reflex***

The trigeminal-cervical reflex is a short-latency EMG
response from the sternocleidomastoid muscle evoked by
trigeminal branches (supraorbital, infraorbital, and menton-
eal) electrical stimulation®. The recorded response has lower
amplitude and higher latency (or is even absent) in patients
with progressive supranuclear palsy (PSP) or PD and exhib-
its normal behavior in patients with multiple system atro-
phy (MSA)**#2, No studies including corticobasal syndrome
(CBS) were found. This lack of response suggests that there is
a degeneration in the brainstem neural circuities, mainly the
reticulospinal pathways, that modulates this multisynaptic
neck muscle withdrawal reflex in PD and PSP*.

The startle reflex, by its turn, is a surface EMG response,
integrated into the brainstem, and recorded after a sensory
stimulation (auditory, electrical, or visual) in a sequence of
selected muscles”. The reflex starts at the sternocleidomastoid
(SCM) level, propagates rostrocaudaly, and it can be evidenced
after that in orbicularis oculi, masseter, biceps brachii, abduc-
tor pollicis brevis, rectus femoris, tibialis anterior, and soleus
depending on the established protocol®. Of note, the first orbi-
cularis oculi contraction before the SCM is part of the blink
response and does not habituate”. The response to auditory
stimuli reveals shortened latency and higher amplitude in MSA,
a reduced amplitude in PSP, and a prolonged latency in PD*.
The reduced amplitude found in PSP seems to be secondary to
the loss of neurons in the lower pontine reticular formation. The
delayed onset in PD may also be related to the withdrawal of
facilitatory input to the brainstem from the basal ganglia®.

The palmomental reflex is a response recorded in men-
talis and orbicularis oculi muscles after electrical stimulation
of the median nerve®. Its behavior was studied in PD and
atypical Parkinsonism, and a lack of response of ocular mus-
cles was identified in PSP*. This specific alteration regard-
ing PSP can be explained by the different pathways linking
the limbs with the facial muscles, the first connect limbs to
the lower facial motoneurons, and is composed by the corti-
conuclear tract, preserved in PSP. The second pathway con-
nects to the upper facial motoneurons, including orbicularis
oculi innervation, and is mediated by circuits of the interneu-
rons in the brainstem reticular formation, which is affected
in PSP patients®. Table 3 shows a summary of the brainstem
reflexes responses in each of these conditions.

Table 3. Brainstem reflexes response in PD and atypical Parkinsonism.

Condition vs. Blink reflex-paired Startle Trigeminal-cervical Palmomental

Reflex pattern stimuli reflex reflex reflex

PD PR A - Delayed Reduced or absent Mentalis/Orbicular

CBS Normal Not tested Not tested Mentalis/Orbicular

PSP PR A/SS - Reduced or absent Reduced or absent Mentalis

MSA PR A= BITEIEES Normal Mentalis/Orbicular
SS - Normal

MSA: multiple system atrophy; PSP: progressive supranuclear palsy; CBS: corticobasal syndrome; PR: precocious R2 recovery; A: auditory; SS: somatosensory.
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Evoked potentials are another possible neurophysiolog-
ical evaluation in PD. The visual evoked potential consists
of recording the pathway of the vision from the retina until
the occipital cortex using a visual stimuli and surface EEG
electrodes. The auditory evoked potential consists of record-
ing specific landmarks of the auditory pathway through
ear, brainstem, and auditory cortex also using surface EEG.
Moreover, the somatosensory potential consists of recording
the electrical stimuli propagation through the nerve, spinal
cord, brainstem, and parietal cortex with surface EEG elec-
trodes®. In PD pattern, reversal visual and auditory evoked
potential show prolonged latencies in some of its compo-
nents (N75, P100, N145 in visual; IIl and IV in auditory) when
compared to controls. This result highlights the impairment
of these sensory systems in PD, corroborating a possible
non-motor symptoms mechanism. The pathophysiological
explanation seems to relate to brainstem damage but it is yet
not clarified®. The somatosensory evoked potential shows a
reduced N30 component in PD compared to controls, which
might be partially restored with levodopa, apomorphine, or
deep brain stimulation®. The N30 component may represent
a dopamine-dependent physiological marker of basal ganglia
modulation of the cortical structures involved in central sen-
sory processing®.

DYSTONIA

The dystonia phenomenology is diversified: contrac-
tions can be sustained, fixed, or intermittent, and can also be
mixed with tremor. This tremor can be irregular, sometimes

presenting as jerks®. The possibility of evaluating dysto-
nia by applying neurophysiological techniques can comple-
ment clinical evaluation in many ways®*. EMG evaluation is
useful in distinguishing dystonia from other types of tremor
and myoclonus, detecting coactivation of antagonist mus-
cles, and identifying the involved muscles and the effective
disease topography®. Moreover, this evaluation can include
other measures, such as silent period, blink reflex, or H-reflex.
These measures indirectly estimate cortical excitability or
quantify a lack of inhibition in particular brain and spinal
cord pathways in dystonic patients'**",

Among easily performed bedside neurophysiological
tests for the evaluation of dystonia, one could describe the
muscle contraction patterns with needle or surface EMG
electrodes. Electrodes are placed in agonist and antagonist
muscles involved in the abnormal posture, and tonic con-
traction activity is recorded simultaneously on both muscles.
A muscle is considered dystonic if the following criteria are
satisfied: 1) EMG displays consistent tonic or phasic patterns
of discharge; 2) discharge amplitude is >50% of the ampli-
tude during maximum voluntary activation; and 3) EMG dis-
charge occurs in the presence of the patient’s abnormal pos-
ture, as shown in Figure 1%. Moreover, EMG can also be used
to map the muscles more importantly involved during pos-
ture and to guide treatment with botulinum toxin®%.

The other possible techniques include the blink reflex,
the cutaneous electromyographic silent period (CuSP), and
the H-reflex, all of which show evidence of hyperexcitability.
In cranial, focal, and generalized dystonia, there is a disinhi-
bition of the paired blink reflex, a phenomenon also known
as enhanced R2 recovery cycle®. Thus, there is a modification

Source: author’s archive. 1 — Deltoid; 2 - Biceps brachii; 3 - Triceps; 4 — Pronator Teres; 5 — Palmaris Longus; 6 — Flexor carpi ulnaris; 7 — Flexor digitorum
profundus; 8 — Flexor carpi radialis; 9 — Flexor digitorum superficialis; 10 — Extensor digitorum communis; 11 - Extensor carpi radialis; 12 — Extensor carpi

ulanris; 13 = Flexor pollicis brevis.

Figure 1. Scale: 1500 microvolts/0.4 s. Patient with a complex right arm dystonia — Dystonic contraction was seen in an EMG
concentric needle study more prominently in the pronator round, ulnar flexor of the carpus, superficial flexor of the fingers and

short flexor of the thumb.
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of the amplitude of early R1 and late R2 EMG components,
which are enhanced. The duration of the R2 component is
prolonged, with a shortened recovery cycle'. This abnormal-
ity is not reversed by botulinum toxin injections*, suggesting
that the mechanism involved in the hyperexcitability is pre-
dominantly central.

The CuSP consists of a relative or absolute reduction of
EMG activity after cutaneous stimulation of one nerve terri-
tory during the voluntary contraction of a muscle innervated
by the same nerve. It can be evoked with a variety of external
stimuli, e.g., mechanical, stretching of the muscle tendon, or
electrical, stimulation of cutaneous or mixed nerves located
in the same or a neighboring dermatome. This finding is due
to numerous mechanisms involving sensory-motor integra-
tion at various CNS levels, including postsynaptic inhibition
of spinal motoneurons; pre- or postsynaptic inhibition of spi-
nal interneurons that relay corticospinal impulses and pre-
synaptic inhibition of the corticospinal tract”. In patients
with dystonia, both CuSP duration and latency are pro-
longed when electrical stimulation is applied in the ulnar and
median nerves, reflecting a dysfunction of the basal ganglia
timing influences over spinal circuitry®.

Several techniques using forearm flexor muscles or the
soleus H-reflex can be performed to study underlying patho-
physiological mechanisms related to dystonia. The ratio of
the maximal H-reflex to direct muscle potential (H/M ratio) is
calculated after performing the H-reflex using a suprathresh-
old stimulus in order to obtain the maximal amplitude for
the M and H waves. The vibratory inhibition is calculated by
the ratio of an H-reflex performed during vibratory stimulus
on the tendon and the maximal amplitude H-reflex without
stimulus. And, the H-reflex recovery curves of dual stimuli is
acquired by delivering double stimuli of equal intensity and
12 different randomly assigned inter-stimulus®. There are,
although, controversial findings on this subject, with the H/M
ratio being unaltered comparing dystonic and controls on the
majority of the studies performed*. However, the vibration
inhibition ratio was higher when comparing general dystonia

patients to focal dystonia and controls®. And, regarding the
H-reflex recovery curve, an increase in the late facilitatory
component was found in lower limb, upper limb, and cervical
dystonia patients, but not in hemidystonic patients*.

Other studies to evaluate cortical excitability in dystonia
can be performed using transcranial magnetic stimulation,
but are outside the scope of this article. This issue is reviewed
elsewhere.

MYOCLONUS

A myoclonus is a sudden and brief contraction (positive),
or sudden and brief cessation of tonic muscle activity (neg-
ative)". It can have different origins from the cortex to the
peripheral nerve, presenting different neurophysiologic and
clinical characteristics. Neurophysiological studies are, once
again, a critical tool for accurate diagnosis®®*®. The main
features of the commonest myoclonus are summarized
in Table 4.

Cortical myoclonus is found in a broad spectrum of meta-
bolic disorders (such as uremic or hepatic encephalopathy),
in Alzheimer’s disease, and also in epilepsy. The movement
is “shock-like,” sensitive to stimulus, and usually descends
through the body"*. EMG shows bursts with <50 ms of
duration, that can have simultaneous or multifocal genera-
tors, with cranial-caudal progression, and a frequency vary-
ing from 8-20 Hz'". It can be characterized neurophysi-
ologically using features identified with jerk-locked back
averaging, the C reflex, and somatosensory evoked potential,
as detailed below'*2,

The C reflex is a long loop-reflex, in which an electrical
stimulus elicits a transcortical reflex, also called cortical
myoclonus reflex®. This reflex is composed by the afferent
signal that propagates through the lemniscal pathway to the
somatosensory cortex, which in turn activates the primary
motor cortex thus generating a muscular contraction®. Its
execution requires the stimulation of the peripheral nerve,

Table 4. Neurophysiology patterns for distinct myoclonus generators.

Myoclonic Burst Spreading Stimulus- Reflex
) : L EEG
location duration pattern sensitive response
Peripheral <50 ms In one or more myotome segments No No changes None
Spinal 5100 ms In one or two contiguous spinal No No changes None
(Segmental) segments
Spinal
L <1000 ms Rostral and caudal spread Yes No changes None
(Propriospinal)
Subcortical (Reticular) 20-70 ms Ascendmg ot bramstem e No No changes None
descending to the spinal cord
Subcortical (Exaggerated >75ms Rostral and caudal spread Yes No changes None
startle response)
Cortical <50-100 ms  From rostral to caudal segments Yes 20 ms befqrg ecilice
cortical activity of C reflex
516 Arg Neuropsiquiatr 2020:78(8):512-522



whereas its long latency abnormal response is captured on
the corresponding muscle, that co-occurs with an electrically
evoked myoclonic jerk®™. It can be registered at the thenar
muscle by stimulating the median nerve at the wrist, with
an expected latency of 45 to 55 ms. Alternatively, it can be
recorded in the plantar foot muscles after stimulating the
posterior tibial nerve, with a medium latency of 103 ms>.
In a retrospective study evaluating patients with myoclo-
nus, it was present in 72% of patients with cortical myoc-
lonus induced by mixed etiologies™ The presence of these
reflex in cortical myoclonus is believed to be due to cortical
hyperexcitability”.

The BP represents an early cortical activation preceding
voluntary movements®. To assess this activity, one should
process preceding movement EEG trace in a software pro-
gram that averages the prior segment for at least 40 trials.
BP can be divided into subcomponents according to the
scalp region that correspond to the supplementary motor
area and starts about two seconds before EMG-registered
movement®. This method helps distinguishing voluntary or
functional from involuntary or organic movements, such as
jerks. If the cortical activation is present immediately before
the movement-related EMG signal, the presence of the BP is
marked and it characterizes the movement as a mimicked or
functional jerk. This pre-activation reflects preparatory activ-
ities arising from the supplementary motor area, character-
izing the movement as voluntary”®. A cross-sectional case
series study ratified this possible use, revealing that the pres-
ence of this element was significantly more frequent before
the functional jerks and not registered in any of the patients
with organic etiologies™, justifying the practical use of this
tool as previously explained.

There is also a possible EEG discharge element before
the muscle contraction corresponding to an organic cortical
myoclonic jerk®. However, the latency of the cortical myoc-
lonus is much shorter (10-25 ms) than that described in the
BP (1.7-2 s)". Moreover, it can be a practical tool to help locate
the myoclonic generator, which is not restricted to the central
areas as in BP. It can also include parietal and frontal zones®.
Also referred as jerk-locked back averaging, the electrophysi-
ological signature of cortical myoclonus is a short-latency
cortical positivity preceding myoclonus onset®. This exam is
used to differentiate between cortical and non-cortical myoc-
lonus, in the context of an already proved organic origin.

The somatosensory evoked potentials (SSEPs) was
first recorded in myoclonus in 1946, when Dawson found
that electrical shocks delivered to the peripheral nerve in a
patient with myoclonic epilepsy generated a response on the
EEG with an enlarged amplitude®. From that point on, SSEPs
started to be used routinely for the study of myoclonus,
mainly for stimulus-sensitive myoclonus'®. SSEPs are classi-
cally recorded using median nerve stimulation for the upper
limbs and posterior tibial nerve stimulation for the lower
limbs. Cortical waves, produced by median nerve stimulation

and sent through contralateral centroparietal electrodes,
constitute a negative wave at 20 ms (N20), a positive wave
at 25 ms (P25), and another negative wave at 33 ms (N33).
A significant enlargement of the P25-N33 deflection, usually
ten times above normative value, is defined as a giant SSEP®.
In a retrospective study, giant SSEPs was encountered in 61%
of patients with cortical myoclonus, showing that they are a
supportive criterion for this type of myoclonus®™. Giant SSEP
corresponds to enhanced excitability of the somatosensory
cortex and supports a cortical origin for the myoclonus®.

Subcortical myoclonus may be generated in the basal
ganglia, brainstem, or cerebellum™'. Reticular myoclonus
is a specific type of brainstem myoclonus. It has a distinc-
tive muscle activation order, ascending in the brainstem
and descending in the spinal cord. Its burst has a duration
of 20-70 ms and happens on rest, spontaneously, and propa-
gates in high speed (approximately 40 m/s). Its fast propa-
gation reflects stimuli conduction through the reticulospinal
tract®¥*!. The main etiology is post-hypoxic (Lance-Adams
syndrome)®.

Other subcortical myoclonus are found in other condi-
tions such as hyperekplexia, myoclonus-dystonia, essential
myoclonus, and periodic myoclonus**'. Hyperekplexia is an
exacerbated startle response, with a burst duration of >75 ms,
slow propagation speed, and bidirectional spreading. It is
mostly evoked by sudden noise or light®. In essential myoc-
lonus, the myoclonus is the most prominent or only clinical
finding®. It can be idiopathic or genetic, the sporadic cases
are very heterogeneous with regard to distribution and other
examination findings, with segmental or multifocal distribu-
tion and usually irregular nature'®®. The essential myoclo-
nus genetic syndrome has also been found to have features
of dystonia and classified as myoclonus-dystonia, most of the
times secondary to a mutation in chromosome 7, also known
as DYT-11°%, in the epsilon-sarcoglycan (SGCE) gene.
The myoclonus present in myoclonus-dystonia is mostly
action-activated, not responsive to somesthetic stimuli, iso-
lated or arrhythmic, with a mean duration of 100 ms and a
negative C reflex®%. Periodic myoclonus is seen typically in
patients with Creutzfeldt-Jakob disease or subacute scleros-
ing panencephalitis, usually in association with periodic syn-
chronous discharges (PSDs) on electroencephalogram, with
periodic discharges on EMG'"".

The spinal myoclonus denomination includes proprio-
spinal and segmental spinal myoclonus®. The propriospinal
myoclonus consists of arrhythmic brief jerks of the trunk,
hips, and knees in a fixed pattern®. It includes activity over
extensive lengths of the spinal cord, rostral and caudal
spread with a relatively slow speed (approximately 10 m/s),
consistent with the spread within the propriospinal tract®¢".
Movements get worst with the lying position and are pre-
ceded by a premonitory sensation®. EMG shows synchronous
activation of agonist and antagonist muscles with a burst
duration of less than 1000 ms and no facial involvement®.
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The propriospinal myoclonus is a functional movement dis-
order in most cases. The use of the BP described in detail
earlier, may help to define the etiology of this myoclonus®.
The segmental myoclonus is indicative of a focal structural
lesion; jerks are usually rhythmic (2 Hz), unilateral or bilat-
eral, involve a few contiguous segments of the spinal cord,
are not stimulus-sensitive and tend to persist during sleep®.
The bursts are approximately 100 ms in length®.

Peripheral myoclonus is associated with nerve or plexus
injury. A jerky repetitive movement disorder may arise, that
is either highly specific to the muscles corresponding to the
damaged nerve, unilaterally, bilaterally, or more widespread
within the innervated myotome". EMG shows a burst dura-
tion of <50 ms and can also show signs of denervation, fas-
ciculation, or giant motor unit action potentials (MUAPs)"*.
Although the burst duration is similar to cortical myoclonus,
the recording of agonist and antagonist muscles suggests a
cortical generator, with a synchronous involvement of them
not seen in peripheral myoclonus™. Another myoclonus pre-
sentation that can also have a peripheral generator is minipoly-
mioclonus, a frequent and independent contraction of multi-
ple small muscles of distal limbs™. It is defined by an irregular
1-20 Hz activity with muscle synchronous bursts of 25-50 ms
in duration and can also have a central generator, which can
be differentiated from the peripheral by the presence of EEG
elements and muscle denervation, respectively®*®.

Hemifacial spasm (HFS) is a typical example of periph-
eral myoclonus® that is marked by spontaneous, unilateral
synchronous, and intermittent twitching of one side of the
face, which also happens during sleep™7. It is due to an irri-
tative lesion induced in the facial nerve at its root zone in the
posterior fossa, by a neighboring structure, typically a blood
vessel®™ EMG usually shows a paroxysmal abnormal con-
traction, consisting of rapid, irregular clonic bursts of activ-
ity, involving the lower and upper facial muscles simultane-
ously”. The responses in blink reflex reinforce the hypothesis
of hyperexcitability of the nerve or brainstem and help to dis-
tinguish HFS from an involuntary mass contraction after a
post paralytic facial syndrome. This syndrome presents myo-
kymic discharges with a lower frequency and more irregu-
larity in EMG — Figure 27°7. Supraorbital stimulation ipsi
or contralateral to the affected side provokes a larger R2
response compared to the other side in HFS, whereas the
post paralytic facial syndrome patients have a decreased R2
response ipsilateral to the facial paralysis™. Moreover, the
paired stimulus technique shows an enhanced R2 recovery
cycle in HES, similar to that which was previously described
in PD and dystonia®.

MYOKYMIA

Myokymia consists of an undulating muscle movement
that resembles tiny snakes wriggling beneath the skin. It may
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be clinically challenging to distinguish them from fascicu-
lations™. Myokymia is characterized by spontaneous dis-
charges of a single motor unit potentials firing at rates of
5-150 Hz, which might appear as doublets, triplets, or mul-
tiplets. After the burst, there are short periods of silence, fol-
lowed by the repetition of the same burst with regular or
irregular intervals (Figure 2)”. Neuromyotonic discharges
are analogous, with higher frequencies, often with abrupt ini-
tiation and ending. They are considered as having the same
underlying mechanism as myokymia™ and are differentiated
from fasciculations, which are random single motor units
with no tetanic bursts or rhythmic quality, with a mean dura-
tion of 1-5 ms and usually a triphasic morphology™.

Myokymic discharges are not necessarily associated with
overt clinical movements. They are believed to reflect hyper-
excitability coming from the anterior horn or axon cells mem-
brane”. Myokymia can be found in individuals with periph-
eral nerves hyperexcitability syndromes such as Isaacs,
cramp-fasciculation, and Morvan™. Other possible etiologies
are radiotherapy, multiple sclerosis, episodic ataxias, motor
neuron disease, facial nerve paralysis, and Guillain-Barré syn-
drome, and it can even be induced by exercise in a healthy
individual ™.

MYORHYTHMIA

Myorhytmia is a hyperkinetic movement characterized
by slow (1-4 Hz), repetitive, jerky, and rhythmic movements.
It usually affects cranial or limb muscles and disappears
during sleep™?”. There are numerous etiologies, compro-
mising mainly the brainstem. However, the definition of
this entity is one of the problems that impedes its correct
identification of this movement. The etiologies include
not only Whipple's disease, with the well-characterized

Source: author’s archive.

Figure 2. Scale: 200 microvolts/0.1 sec. Patient with post
paralytic facial syndrome presenting myokymic discharges
with a lower frequency and more irregularity in EMG of the left
orbicularis oculi muscle.



oculomastigatory myorhythmia, but also autoimmune
encephalitis,
trauma, multiple sclerosis, drugs, Lubag disease, or alco-
holic cerebellar degeneration’™*.

EMG shows alternating or synchronous contractions of
antagonist muscles, with a burst duration of approximately
200 ms and an inter-burst frequency of 1-4 Hz, occurring

stroke, paraneoplastic syndromes, head

mainly at rest or during posture maintenance (Figure 3).
When occurring in multiple body parts, the synchronic-
ity reveals a unique pacemaker. If the pattern is asynchro-
nous, the movement is presumably produced by distinct
supraspinal pacemakers™. This abnormal movement may
resemble Holmes tremor, but the Holmes tremor has a rest
and kinetic component, while myorhytmia presents mainly
at rest®’.

PAINFUL LEG MOVING TOES

Painful legs moving toes is characterized by a deep ach-
ing and pulling pain in the feet or lower leg with spontane-
ous and purposeless movements of the toes, which can be
stopped by the patient only for a few seconds'. In neuro-
physiologic studies, this is a syndrome with extensive varia-
tion, reflecting clinical practice. On EMG registers, move-
ments are described as random and irregular, with either
continuous,
tions that can change in response to movement and pos-
ture, including suppression while standing. EMG captures

semi-continuous, or intermittent contrac-

Source: Author’s archive.

Figure 3. Scale: 250 microvolts/0.05 s. Myorhythmia with
3-3.5 Hz rhythmic bursts, lasting approximately 200 ms, with
activity corresponding to muscle contractions in the right
masseter while the patient was at rest.

Source: Author’s archive.

bursts lasting from 80 to 2000 ms, with a frequency ranging
from 1-2 Hz*®. Some brief parts of the movement register
are described as semi-rhythmic movements of 0.5-1 Hz*%,
Another important finding is the co-contraction, some-
times erratic, occurring in antagonist muscles that are of
shorter duration (10-80 ms), lower amplitude, and higher
frequency (4-6 Hz) (Figure 4)°.

Needle EMG usually reveals a reduced recruitment pat-
tern, together with neurogenic motor unit potentials when
lesions from the anterior horn to the peripheral nerve are the
primary cause®. Moreover, in addition to the reduced recruit-
ment pattern found on EMG electrode, the conduction stud-
ies in some cases also reveal abnormalities on sensory nerve
action potentials (SNAP) and compound muscle action
potentials (CMAP). The most prevalent findings are pro-
longed action potentials latency and duration, lower ampli-
tude, and conduction velocity, highlighting the possibility of
a concomitant sensory-motor neuropathy. Lastly, a continu-
ous myokymia pattern may occur in association with hyper-
trophic neuritis of the tibial nerve®*.

CONCLUSIONS

The neurophysiology laboratory provides useful tools
to complement the clinical examination and allow bet-
ter exploration of the phenomenology of different types of
movement disorders. The first contribution of neurophysio-
logical studies is to help better define the phenomenology of
the growing spectrum of movement disorders. Clinical neu-
rophysiology also helps to define the anatomical origin
of the movement disorder. This is particularly relevant in
myoclonus. However, it is important to stress that these
techniques are not always completely reliable, as they are
complementary tools and false negative results are a pos-
sibility that clinicians should keep in mind. Finally, neuro-
physiological studies have a growing role in distinguishing
functional from “organic” movement disorders. More stud-
ies are needed in order to establish clear-cut parameters
and develop international guidelines.

Figure 4. Scale: 500 microvolts/ 0.2s. Irregular bursts with a variable duration of 200-600ms, and an irregular frequency of 0.5-2
Hz, recorded at the extensor digitorium brevis muscle. Patient has a diagnosis of painful legs moving toes.
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