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ABSTRACT

Introduction. The paper presents application of clini-
cal neurophysiology methods for functional testing
compatible with Evidence Based Medicine, which are
most commonly used in orthopedics and physiothera-
py to determine the source of pathology in the muscu-
lar and nervous systems and evaluation (through tests
performed comparatively), the progress of surgical and
conservative treatment.

Methods and observation. Application of the needle elec-
tromyography is only essential when the cause of muscle
pathology (myogenic or neurogenic damage) is unclear,
as well as to assess the severity of muscle’s denervation
which is supplied from a certain neuromer. Surface
electromyography determines the degree of motor units
dysfunction more in cases of neurogenic injuries ori-
gin when the test of maximal contraction is performed.
This allows the estimation of proper muscle tension in
terms of muscle relaxation. Electroneurography both in
orthopaedics and physiotherapy plays an essential role
in determining the transmission of nerve impulses in
the sensory and motor fibers peripherally or at the level
of the spinal nerves. Evaluation of efferent transmission
from the level of motor cortex to the effector is possible
by analysing the parameters of motor evoked potentials
induced with the magnetic field. The study of surface
electromyography recorded during maximal contrac-
tion can be related to the result of muscle strength test
performed with the Lovett’s scale. Electromyography
recorded during “relaxation” with increased amplitude
parameter may indicate for the phenomenon of in-

creased muscle tension, and the results can be related to
the examination with Ashwort’s scale.

Key words: clinical neurophysiology, diagnostic meth-
ods, orthopaedics, physiotherapy

Introduction

Clinical evaluation of muscles function and trans-
mission of impulses in the nerves and efferent and
afferent pathways of the central nervous system on
its different levels provides the results to some ex-
tent subjective, mainly due to the varying degree
of the doctor and patient cooperation (Buckup
2004). Contemporary orthopaedics and physio-
therapy are start to use more and more the clinical
neurophysiology studies for direct and dynamic
assessment of the results of surgical or pharma-
cological and conservative treatment (kinsiother-
apeutic and/or physicotherapeutic). The aim of
these studies is to determine the pathology source
and location in muscular and nervous systems. Be-
ing functional tests with a high level of precision of
obtained results, they complement neuroimaging
studies which indicate the structural pathology.
Plan of clinical neurophysiology diagnostic tests
depends on the initial diagnosis of the attending
physician, the results of additional tests (neuro-
imaging and laboratory), and they can be mod-
ified in the course of their conducting. The most
common contraindications are implants including
stabilizers, electronic devices or ferromagnets, cer-
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tain pharmacological agents (used for treatment of
the nervous system diseases or diseases associated
with blood coagulation), advanced cardio-vascu-
lar disorders, epilepsy or pregnancy. The results of
clinical neurophysiology diagnostic tests are influ-
enced by age, temperature, constitutional type of
the examined subject (Huber et al 2009; Kulczyk
et al 2011; Huber 2013). Demonstration of mus-
cle’s pathology taking the origin as myogenic or
pseudomyogenic (including the inflammatory re-
action in the course of rheumatic diseases) or the
consequences of damage to the nerve components
of motor units within the central or peripheral
systems (neurogenic) determines the legitimacy
of the physiotherapeutic treatment use by means
of the strengthening exercises, procedures aiming
to decrease the effects of increased muscle tension
(relaxation procedures) or the certain physiother-
apeutic procedures (Lisinski et al 2008; Huber et al
2012; Huber 2013).

While in the clinical testing the Lovetts scale
is still the most reliable and widely accepted test
for muscle strength evaluation (Buckup 2004), the
electromyography (EMG) estimates the activity of
the muscle’s motor units.

Methods

Electromyography is methodically divided to
needle electromyography (nEMG) and surface
electromyography (SEMG) (Figure 1). Needle elec-
tromyography, which assess the parameters of sin-
gle muscle motor units potentials during voluntary
contraction (duration, amplitude, area), enables
the differentiation of changes to the myogenic or
neurogenic. Recordings carried out by nEMG
during the resting state, by the presence of spon-
taneous discharges (fibrillations, positive sharp
waves, fasciculations; Figure 2B), may suggest the
source of the pathology in the nervous system at
the level of the injured motor fibre, denervation
at the neuromuscular synapse or the damaged cell
body of motoneurone in the spinal cord. Sponta-
neous discharges of multiple individual potentials
taking the forms called myotonic discharges or
pseudomyotonic discharges confirm the primary
source of the muscle injury.

Surface electromyography is particularly useful
for the preliminary screening before application of
nEMG and allows the best selection of muscle with
symptoms of motor units dysfunction. In physio-
therapy sSEMG occupies a special role because of

Figure 1. Photography illustrating the study design with
surface and needle electromyography

the possibility of non-invasive examination the
homonymous muscle groups on both sides of
the body, and to distinguish the phenomenon of
asymmetric motor function (lateralization) from
muscle’s paralysis with a certain advancement.
Practically, during EMG recording with maximal
contraction lasting 5 seconds, there are evaluated
the amplitude (in microvolts) and frequency (in
Hz) parameters (Lisinski et al 2008; Huber et al
2011; Wytrazek et al 2011; Huber et al 2012; Huber
2013) (Figure 2A). The increase in the frequency
of recorded single potentials (nEMG) or summary
(sEMG) potential recordings above 100Hz con-
firms the myogenic pathology, while the decline in
this parameter below 60Hz - 10Hz (Figure 2) de-
scribes damage to the muscle of the source of neu-
rogenic with varying degrees of severity (Kulczyk
etal 2011).

The difference in the decrease of the amplitude
parameter in SEMG recordings of homonymous
muscle groups >20% defines the phenomenon of
paralysis. During nEMG recordings of >20 indi-
vidual motor units potentials, the ascending trend
in values of the amplitude, duration and area of
the individual motor units potentials confirm the
neurogenic damage, while the descending trend in
changes of these parameters — myogenic change.
Proper single motor unit potentials should not
be more than three-phases, phenomenon of
polyphasic potential exists in both types of mus-
cle’s injuries (Huber 2013). The clinical manifes-
tation of increased muscle tension is tested using
the Ashwort’s scale (Pandyan et al 2005). SEMG
amplitude with the average resting potential <
25uV defines proper muscle tension in terms of
clinical neurophysiology studies (Huber et al 2013
) (Figure 3A).
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Figure 2. Examples of nEMG recording (A) during of the
maximal contraction and (B) the relaxation of examined
the abductor pollicis brevis muscle pointing to the ad-
vanced neurogenic changes (note the high-amplitude and
low frequency recording) and denervation (with positive
sharp waves).

Electroneurographical examinations (ENG)
(Figure 4) using for excitation the nerve fibers along
their course the electrical stimuli, allow specifying
the abnormalities in the transmission of nerve im-
pulses peripherally or in their proximal part.

ENG examinations make possible to diagnose
mono- or polyneuropathies, which can be of the
axonal type (degeneration of axons, the decrease
of exclusively M-wave amplitude in the study of
transmission in motor fibers or SCV - sensory
potentials in the sensory nerve conduction study;
orthodromically - according to the direction of
the physiological impulses propagation), demye-

Figure 4. Photography illustrating the methodology of the
electroneurographical study of peroneal nerve with the lo-
cations of stimulating, ground and recording electrodes.

linating type (segmental demyelination, increase
only M-wave latency or SCV potential), indicate
the conduction block (in the so-called segmental
study) or of a mixed type. Examination of F-waves
frequency recording (using antydromic transmis-
sion phenomenon- opposite to the physiological
spread of nerve impulses) and interlatency of M-F
waves specify the level of motor fibers injury (in
proximal spinal roots or distally). In general, when
during the stimulation test using 20 electrical puls-
es and evoking 20 ENG waves, the frequency of re-
corded F-waves is less than n = 14, this suggest the
level of the spinal injury (Figure 5). The evaluation
of nerve transmission in all parts of the monosyn-
aptic reflex arc enables the study of H-wave record-
ings which belongs to the ENG tests.

The central and peripheral efferent transmis-
sion is monitored more and more using the MEP
method (motor evoked potentials induced with
magnetic field). The phenomenon of excitation the

B 500 uviD
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:

Figure 3. Examples of sSEMG recordings during the maximum muscle contraction (A) and relaxation (B) of the right
(upper recordings) and left (lower recordings) trapezius muscles. Note the symptom of increased muscle tone (A, lower
recording), limiting the maximal muscle contraction (B, lower recording).
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Figure 5. Example of recordings the M-waves (n=20) and
F-waves (n=9) in ENG study when performed from exten-
sor digiti minimi muscle after electrical stimulation of the
peroneal nerve distally within the lower extremity. Note at-
tention the low frequency of recorded F-waves suggesting
abnormalities in the transmission within motor fibres in
the ventral roots at L5-S1 level.
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Figure 6. Photograph which illustrates the methodology of
bilateral recordings the MEP potentials (C) from tibialis
anterior muscle (B) following oververtebral stimulation of
motor centres in the spinal cord at the lumbo-sacral levels
(A). Note the reduction of evoked potential amplitude on
the right side (upper recording), indicating the abnormal-
ities of the axonal type in transmission of nerve impulses
from the motor center to the muscles.

motor centres at the supraspinal or spinal levels is
induced by the magnetic field stream which is ap-
plied overcranially or oververtebrally (Tabakow et
al 2013) (Figure 6).

Tests with von Frey’s filaments are used to as-
sess the degree of the sensory perception and the
afferent transmission from the level of receptor to
the centres of the cortex. They allow a precise dif-
ferentiation of hyperalgesia, normal sensation and
analgesia (Huber 2013).

Figure 7. Photographies illustrating the methodology for
the study of the sensory perception (A) with von Frey’s fil-
aments (B) of calibrated diameter for diagnostics of hyper-
algesia, normal sensation and analgesia.

General consideration

The results of clinical neurophysiology are com-
pared with the standards set for all of these re-
search methods every 5 years, in a population of
healthy volunteers of both sexes with regard to age
groups. Motor units are undergo the natural aging
process with a shift of parameters characterizing of
the single motor units in a direction corresponding
to the neurogenic damage in healthy people over
forty years of age. The relationship between the
clinical assessment of muscle strength in Lovett’s
scale and parameters of SEMG frequency (up to
90Hz) and amplitude (up to 800pV) during the in-
creasing contraction of muscle (Figure 8, modified
for Lisinski et al 2008).
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Figure 8 The relationship between the results of the muscle
strength assessment with Lovett’s scale and recorded SEMG
parameters in healthy people and in patients with neuro-
genic motor units pathology.
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