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Electroneuromyography in pediatric practice
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ABSTRACT

One of the most informative diagnostic methods for diseases of the spinal cord and peripheral nervous system is electromyography, a
diagnostic technique based on the registration and evaluation of electrical potentials that occur during muscle contraction or peripheral
nerve activation in response to electrical stimulation of the nerves. This method is characterized by high variability in the obtained
potential parameters: amplitude, latency, morphology, the ratio of these parameters between responses recorded at different stimulation
points, as well as conduction velocities along motor and sensory fibers of peripheral nerves. The performance of electromyography in
children is associated with several additional complicating factors, such as the high sensitivity of children to the procedures, the difficulty
in ensuring patient immobility, and the dependence of the obtained data on the age of the subject. This study involved a review of recent
domestic and international literature on the use of electromyography in pediatric practice. Currently, two main electrophysiological
methods are used: stimulation electromyography and needle electromyography. In the first case, the conduction of signals along
peripheral nerves is assessed, while in the second, the condition of individual muscle fibers is evaluated. During the examination,
diseases of the muscles, peripheral nervous system, and spinal cord can be identified; it is also possible to compare the obtained
results to assess inter-lateral asymmetry and track the dynamics of pathological processes over time. Electromyography is a highly
informative diagnostic tool for neuromuscular system diseases in children; however, when conducting the study, it is important to take
into account the age-related features of nervous system development and adapt the procedure according to the physiological and
behavioral characteristics of the subjects.
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AnekTpoHenpomuorpadms B neauaTpmyecKkon npakTuke
(0630p nuTepartypbl)
M.0. Nsxbes, M.KO. domuHa

CaHkr-Tetepbyprckuil rocyfapCTBeHHbIN NeAnaTpUyeckuin MeauumnHeknin yuneepeutet, CankT-Metepbypr, Poccus

PE3IOME

AKTyanbHOCTb M3y4eHUsi BOIMOXHOCTEN NPUMEHEHNS ANEeKTPOHEpoMmMorpacdum B neauaTpuyeckoil npakTuke 0bycroBneHa Wpokum
CMEKTPOM HEPBHO-MbILLEYHbIX 3a60MeBaHNiA, NPy KOTOPbIX AaHHAs METOAMKA SBASETCS BbICOKOCTEUM®MUYHON 1 MHAOPMATUBHON.
OnekTpoHenpoMuorpadnst — 310 OAUH U3 Hambonee MHAOPMATUBHBIX METOAOB AMArHOCTUKW 3aG0NeBaHWin CMHHOTO MO3ra U ne-
pudepuyeckon cuctembl. MeToz OCHOBAH Ha PErncTpaLm 1 OLEHKe SNEKTPUYECKMX MOTEHLMANOB, BO3HIKAIOLMX MPY COKPALLEHUN
MbILLUL{bI UITK aKTUBALIMN NEPUDEPUYECKOrO HEPBA B OTBET HA CTUMYMSILIAIO HEPBOB SNEKTPUYECKAMM UMY NbCAMI. DNEKTPOHENPOMUO-
rpacusi OTNMYaETCS BbICOKOW BapuabenbHOCTbIO NokasaTeneit MnoryYeHHbIX NOTEeHLUMANOoB: UX aMmUTyabl, NaTeHTHOCTH, Mopdo-
NOTUM, COOTHOLLEHMSI JaHHbIX MoKasaTenen Mexay 0TBeTaMu, NONyYeHHbIMI B Pa3fMYHbIX TOYKaX CTUMYTSLMM, @ Takke CKOpocTen
NPOBEAEHNS MO MOTOPHBIM M CEHCOPHbIM BOMOKHAM nepudepuyeckix HepaoB. MpoBeaeHNe anekTpoMuorpaci y AeTen CONpsKEHo
C PSiAOM AOMOMHUTENbHbBIX OCTOKHSIOLMX (hAKTOPOB, TakuX Kak BbICOKasi YyBCTBUTENBHOCTb AETEN K MPOM3BOAUMBIM MaHUMYNsLM-
IM, CMOXHOCTb 0BecneyeHns HEMOABIKHOCTY MaLMeHTa U 3aBUCMMOCTb MONyYeHHbIX AaHHbIX OT Bo3pacTa obcregyemoro. B xone
AaHHOrO MCCreaoBaHus Bbin MPOBEAEH aHanM3 OTEYECTBEHHOMN U 3apyBeXHON NuUTepaTypbl NOCNEAHNUX NET Ha TEMY BO3MOXKHOCTH
MCMOMb30BaHMs ANeKTpoMMorpadum B NeAMaTPUYECKO npakTike. B HacTosiliee BpeMsi UCMONb3YHTCS 4Ba OCHOBHbIX dMeKTpodu-
310MOrMYeckMX MeToAa WUCCredoBaHus: CTUMYNSALMOHHaS aNeKTpoHeipommorpadmst U uronbyaTas muorpadus. B nepsom criyyae
OL|eHMBAIOTCS NOKa3aTenu NpOBEAEHNS MO nepudiepuyeckomy HepBy, BO BTOPOM — COCTOSIHWE OTAENbHbIX MbILIEYHbIX BOJIOKOH.
Mpw NpoBEAEHNM UCCTIeA0BaHUS MOTYT ObITb BbISIBNEHbI 3a001EBaHNs MbiLLL, NepudeprUYecKoit HEPBHON CUCTEMbI, CTIMHHOMO MO3ra,
MWOTEHHbIE PAcCTPOACTBA; BOIMOXHO CPaBHEHMe MonyyaeMblX nokasaTtenei Anst OLUEHKM MEXCTOPOHHEN ackMMETPUN, AMHAMMKY
MaToNoMM4YecKoro NpoLecca Bo BpEMeHU. AreKTpoMuorpadvs SBRSIeTCs BbICOKOMHGOPMATIBHBIM METOLOM AMArHOCTUKM 3aboreBa-
HWI HEMPOMBILLEYHOW CUCTEMbI Y AETEN, TEM HE MEHEe Npy NMPOBeAEHI UCCIIEL0BAHNI HY)KHO YYMTbIBATb BO3PACTHbIE 0COBEHHOCTH
pasBUTUSI HEPBHOMN CUCTEMbI, afanTUPOBaTh NPOBEAEHNE METOAMKM C YYETOM (PU3MONMOrMYECKUX 1 MOBEOEHYECKUX XapaKTepPUCTUK
obcnepyembix.

KniouyeBble cnoBa: neauatpus, anekTpoHerpomuorpadms, uronbyatas anektpomuorpadusi, avabeTnyeckas nonvHenponaTtus,
CVHAPOM MbILIEYHOW TMNOTOHWM
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BACKGROUND

Electrophysiological tests, such as evoked elec-
troneuromyography (ENMG) and needle electromyo-
graphy (EMG), are used to diagnose a wide range of
disorders of the muscles, peripheral nervous system,
and spinal cord, including in pediatric practice. These
methods offer a number of advantages, including the
ability to obtain quantitative data that allow for an
objective assessment of the neuromuscular system,
comparison of results with age-specific norms, and
monitoring changes in parameters during follow-up
examinations.

In our work at the Clinical Hospital of St. Peters-
burg State Pediatric Medical University, we evaluated
the potential for using electrophysiological examination
methods in pediatric practice. An analysis of recent do-
mestic and international literature describes the possi-
bilities and limitations of using EMG in pediatric neuro-
logy for patients of various age groups [5, 6].

During the studies, a number of parameters can be
obtained: for example, during ENMG, one can record
the amplitude, duration, latency, and shape of motor
and sensory responses; calculate conduction veloci-
ties along peripheral nerves; and assess the stability
of late phenomena; during needle EMG, pathological
spontaneous activity of muscle fibers can be identified,
and the amplitude and duration of motor unit potentials,
the number of turns and phases in their structure can
be assessed, as well as an analysis of the interference
pattern and turn-amplitude analysis can be performed
at maximum contraction of the muscle under exami-
nation [3]. ENMG can be used to diagnose conditions
such as mono- and polyneuropathies, myasthenia gra-
vis, tunnel syndromes, plexopathies, neural amyotro-
phies, and radicular syndromes; needle EMG — for dia-
gnosing lesions of primary muscular and denervation
origin [9, 19, 27].

Despite the high diagnostic value and informative
nature of the EMG method, its application in pediatric
practice is associated with certain difficulties due to the
physiological, anatomical, and psychological characte-
ristics of childhood, including variability in normal va-
lues, difficulties in ensuring the child’s immobility during
the examination, as well as children’s increased sensi-
tivity to external manipulation.

Physiological characteristics include incomplete
myelination of peripheral nerves, active synapto-
genesis, and the growth, maturation, and branching
of axons. The presence of a myelin sheath covering
the axons of nerve fibers is necessary to achieve suf-
ficient nerve conduction velocity. Thus, incomplete
myelination accounts for the characteristics of pe-
ripheral nerve conduction velocity and the increase
in response latency. As a rule, a rapid increase in

conduction velocities is observed after birth; velocity
parameters reach values similar to those recorded
in adult patients by approximately 3-5 years of age,
while certain changes, such as bimodality (the pre-
sence of two negative peaks) in sensory responses,
continue to be observed until 15-16 years of age [16,
33]. When performing needle EMG, it should be noted
that in cases of primary muscle lesions, instead of the
interference pattern filled with low-amplitude poten-
tials typical in adult practice, motor unit potentials with
normal or increased amplitude and reduced duration
may be recorded. These changes may be associated
with hypertrophied muscle fibers. Broad, high-ampli-
tude, polyphasic potentials similar to those observed
in denervation lesions may also be recorded; in such
cases, attention should be paid to the presence of
both broad and narrow polyphasic potentials — this
feature is more characteristic of the primary muscle
pattern [37].

Another important factor to consider when conduc-
ting the study is the anatomical characteristics of the
patients. In studies of the adult population, the distan-
ces between the stimulation site and the recording site
are fixed and standardized in accordance with interna-
tional recommendations, ensuring high reproducibility
of results [17, 24, 26]. In children, especially younger
ones, these distances often vary due to anatomical
characteristics: smaller body size, lower muscle mass,
and body proportions that differ from those of adult
patients. This requires a flexible approach to selec-
ting stimulation and recording sites, as well as adjus-
ting measurements based on age and the size of the
area being examined. The lack of fixed standards for
children creates additional complexity in interpreting
results and requires the use of age-specific reference
data. Additionally, interelectrode distances may be re-
duced, as may the distance between the stimulating
and recording electrodes. Anatomical landmarks may
be used during the study [37, 40].

It should be noted that the examination may cause
pain and discomfort in the area of stimulation or needle
electrode insertion. Unlike adult patients, most of whom
tolerate EMG satisfactorily, unpleasant sensations may
cause anxiety and motor activity in the subjects, leading
to an increase in the number of recording artifacts, as
well as the inability to perform procedures that require
patient cooperation; furthermore, communication with
young children may be impossible. When conducting
the examination, it is recommended to establish rapport
with the child: for example, it may be helpful to engage
the child in the procedure by explaining that the sounds
recorded during EMG are “muscle sounds” captured by
a microphone. It is recommended to avoid terms like
‘needle” or “needle electrode” as they carry negative




connotations. Phrases such as “recording electrode”,
“microphone”, “antenna”, or others that will be per-
ceived more positively by the child should be used.
A higher quality of the examination can be achieved
if a staff member or parent present distracts the child
with videos, games, or books [31]. When examining pa-
tients of preschool and younger ages, parents may be
invited to be present during the procedure and hold the
child in their arms; however, it is necessary to explain
that the child may become anxious and cry during the
examination [37]. The possibility of sedating patients
should be considered, as a number of publications in-
dicate an improvement in data quality when sedation is
used [18, 25], while others show that electromyography
can be performed with sufficient accuracy without se-
dation [22].

Thus, the recording of electrophysiological pa-
rameters presents certain challenges, and a correct
interpretation of the data is essential for reaching a
reliable conclusion. A number of scientific studies de-
scribe conduction parameters recorded in a population
of healthy children [12, 18, 20, 38, 40], noting the high
variability of the data — each individual electrophysio-
logical laboratory is recommended to develop its own
reference tables or, at a minimum, cite the source ac-
cording to which the recorded values are interpreted
[14, 40, 44].

The use of evoked EMG and needle EMG tech-
niques is quite common in clinical practice. The most
common form of polyneuropathy in childhood is dia-
betic polyneuropathy. A significant number of articles
describe changes in electrophysiological parameters
in children with diabetes mellitus — a disease whose
prevalence is steadily increasing [8, 29]. During
evoked potential studies in this population, changes
such as reduced motor conduction velocities [2, 23,
30] and reduced amplitudes of motor and sensory re-
sponses [2, 7] were observed. There is a challenge in
determining the scope of the examination sufficient
to draw a reliable conclusion — the need to examine
both motor and sensory fibers of at least one lower
limb has been described, while the required number
of nerves examined and the necessity of assessing
nerve conduction parameters in the second lower
limb and upper limbs vary [10, 15]. The literature de-
scribes a correlation between increased variability in
blood glucose levels and a decrease in nerve con-
duction velocity [32, 41]. It has also been noted that,
regardless of the duration of the disease, significantly
pathological changes on ENMG are observed much
less frequently than during confocal microscopy with
assessment of corneal nerve fiber function. Conduc-
tion parameters in the population of children with
diabetes mellitus are predominantly within the normal

range but are reduced relative to those recorded in
the population of healthy children [34].

The use of ENMG is not limited to the examina-
tion of children with diabetes mellitus. The examination
of patients with hereditary neuromuscular diseases,
metabolic disorders, rheumatic diseases, and neuropa-
thies includes ENMG. A number of publications from
2020 and later are devoted to myographic parameters
in children who have had COVID-19 followed by the
development of Guillain-Barré syndrome. In a cross-
sectional study involving ENMG in 125 patients repor-
ting complaints of respiratory failure, paralysis of the
upper and/or lower extremities, and gait disturbances,
it was found that Guillain—Barré syndrome is charac-
terized by an electrophysiological pattern of axonal
damage to peripheral nerves, with a predominance of
reduced amplitude in motor and sensory responses.
Furthermore, the axonal type of lesion was associated
with a less favorable prognosis for recovery than the
demyelinating type [21]. Similar findings were reported
in descriptions of individual clinical cases: changes of
both the axonal [13] and demyelinating types [35] were
noted. In a number of cases, a multisystem inflammato-
ry syndrome associated with COVID-19 was identified
in children, in which, in addition to peripheral nervous
system involvement, central nervous system involve-
ment was noted, and psychoses and epileptic seizures
were described [39].

One of the most common reasons for performing
an electrophysiological examination on an infant under
one year of age is neonatal brachial plexus injury, which
results from overstretching of the brachial plexus nerve
fibers during childbirth. This condition may manifest as
either a temporary decrease in arm motor function or
the development of permanent complete paralysis of
the upper limb. Typically, the C; and Cq roots are af-
fected (in about 80% of cases), but in some patients
the C, root may also be involved, and rarely the C,-T,
roots (pamplexopathy) [28]. Depending on the extent of
brachial plexus involvement, changes may vary — from
minimal deviations in conduction parameters to a com-
plete absence of responses. A combined study using
both evoked EMG and needle EMG is recommended;
however, it should be noted that performing needle my-
ography is complicated by the inability to establish pro-
ductive contact with the patient. Furthermore, the pre-
dominance of unilateral lesions allows for a comparative
analysis of electrophysiological parameters between
the affected and healthy limbs, which, given the high
variability of conduction parameters in young children,
significantly improves the quality of the study [42, 43].

In the practice of a pediatric electrophysiologist, it
is common to encounter cases where a young child with
muscular hypotonia syndrome is referred for examination.
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It should be noted that the causes of this condition can
vary. Given the discomfort associated with the proce-
dure, which causes anxiety in the patient and reduces
the quality of the data obtained, it is recommended to
first employ other diagnostic methods (medical history
review, physical examination, imaging studies, genet-
ic/laboratory tests) followed by the development of a
strategy for performing myography [1, 4, 11, 36].

CONCLUSION

The use of EMG in pediatric practice is becoming
increasingly common: the quantitative data obtained
are objective and can be used to compare readings
between sides, assess changes over time, and moni-
tor the effectiveness of treatment. This method can be
used in children of any age. The examination allows for
the differential diagnosis of a wide range of muscular
and neurological disorders.
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