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ABSTRACT 

The current concepts on the clinical neurophysiology 
examinations for the differential diagnosis of rheumat-
ic diseases are presented. The review aims to provide 
experience and practical guidelines, especially regard-
ing electromyography. More needle than surface elec-
tromyography examinations at muscle rest or during 
its maximal contraction may reveal the characteristic 
effects of the myogenic injury caused by particular 
rheumatic diseases. The diagnosis of myopathic dis-
orders, often found in rheumatic diseases is difficult 
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INTRODUCTION

In patients with rheumatic diseases (espe-
cially with connective tissue diseases), clinical 
neurophysiology studies support the clinical 
evaluation of muscle function and the trans-
mission of neural impulses in nerves and the 
efferent and afferent pathways of the central 
nervous system at its various levels. They en-
able the targeting and dynamic evaluation of 
the results of pharmacological and rehabili-
tative treatment [1]. Neurophysiological ex-
aminations are usually performed to confirm 
or exclude the pathological changes in the ac-
tivity of the muscle motor units (electromyo-
graphical examination [EMG]) or changes in 
the nerve transmission within the motor and 
sensory nerves (electroneurographical exam-
ination [ENG]). Diagnostically these studies 
are the most frequently used in cases of dis-
eases presumed to be detected in the systemic 
changes (degenerative, inflammatory or is-
chaemic) and also coexisting with rheumatic 

because of the frequent vasculitis coexistence in the 
patients evoking subsequent changes in nerve fibres 
leading to degenerative neurogenic changes that may 
overlap the diagnostic picture of the primary myogen-
ic changes caused by rheumatic diseases. In these 
cases, the neurophysiological studies of efferent and 
afferent neural transmission often reveal peripheral 
neuropathies just at the subclinical level. 
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diseases. In the early diagnostic of many mus-
cles and nerves, the ascertained abnormali-
ties may suggest the onset of disease. Needle 
elementary electromyography recorded at rest 
and during the attempt of the maximal muscle 
contraction is most appreciated by rheumatol-
ogists who expect the evaluation of different 
advancement of symptoms of the myopathic 
changes [2]. Secondary to the consequences of 
rheumatic diseases, neuropathies detected in 
electroneurography are usually associated with 
systemic vasculitis [3, 4]. The sensitivity of neu-
rophysiological tests in detecting pathological 
changes in adult rheumatoid patients has been 
ascertained at 89% [5]. Paediatric electromy-
ography is 91% sensitive and 67% specific in 
confirmation of myopathic disorders [6].

This review presents current concepts 
on the results of clinical neurophysiology ex-
aminations for the differential diagnosis of 
rheumatic diseases. The authors provide their 
experience and practical guidelines, especially 
regarding electromyography.
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SUBJECTS, METHODS AND RESULTS

The neurophysiological examinations 
are performed according to the commonly 
known standards; however, they are modified 
from time to time concerning the diagnosed 
disease. Obtained results are compared with 
the expected parameters ascertained every 
5 years on the healthy population of volun-
teers of both sexes with different ages. Every 
neurophysiological department should create 
its normative parameters because of the popu-
lation and evolution variability of afferent and 
efferent neurophysiological parameters and 
the evolution of nerve-muscle diseases. Choos-
ing the particular methods from neurophysi-
ological examinations depends on whether 
the expected results may help in a diagnosis 
(by their repeatability in prognosis during the 
disease course), ascertaining the efficiency of 
applied therapy, or broadening the knowledge 
about the pathogenesis of the nosological en-
tity. Usually, an electromyography study re-
veals abnormalities about 2–3 weeks from the 
onset of the pathogenic process, so in acute 
myopathies, it is recommended to conduct the 
study about three weeks from the beginning of 
symptoms to ensure good EMG recording sen-
sitivity. Clinically weak muscles and upper and 
lower extremities should be explored [7].

The electroneurographical examination 
describes the neural transmission in nerve fi-
bres by ascertaining their excitability state or 
their conduction velocity and has a primary 
meaning in diagnosing neuropathies. Results 
of examinations make it possible to find out 
what type of fibres are injured by the disease 
(motor, efferent — M and F waves studies; 
sensory, afferent — SCV studies and partially 
with H-reflex study), describe a type of chang-
es (axonal, demyelinating, mixed) and a range 
of the pathological process (mononeuropathy, 
multiple and multifocal neuropathies of sever-
al nerves in different extremities, polyradicu-
loneuropathy, a general polyneuropathy) or 
objectively ascertain the influence of therapy 
or changes in the course of disease (acute or 
subacute) [8]. 

The afferent and efferent transmission 
examinations at different levels of peripheral 
and central nervous systems include the meth-
ods of recordings of the somatosensory (SEP), 
and motor (MEP) evoked potentials (the lat-
ter is induced with the magnetic field). The ef-
ficiency in afferent transmission from the level 
of receptor to the area of the contralateral sen-

sory cortex can also be indirectly characterized 
in examinations of sensory excitability curves 
(IC-SD studies). Because many of the demye-
linating or rheumatic diseases evoke changes in 
the transmission of fibres within visual and au-
ditory tracts, diagnostic examinations of visual 
(VEP) and auditory brainstem (BEAP) evoked 
potentials are of particular interest [1, 2].

The activity of the motor units (MUs) 
during muscle relaxation and its voluntary 
contraction is assessed with EMG, which is 
methodically divided into nEMG (recorded 
with the bipolar concentric needle, elemen-
tary) and sEMG (recorded with pair of elec-
trodes placed over the surface of muscle’s belly 
and its distal tendon). sEMG is useful for ini-
tial screening tests before the application of 
nEMG, it enables the most accurate selection 
of a muscle with indications of MUs dysfunc-
tion. Non-invasive sEMG is considered more 
beneficial for studies in children aged below 
five years; nEMG recording is usually in these 
patients greatly influenced by the movement 
artefacts. Non-invasive sEMG recorded from 
specific muscle groups on both sides of the 
body may be helpful in confirmation of my-
opathies in children by evaluating the high-fre-
quency pattern during an attempt of maximal 
contraction lasting 5 seconds [2, 9]. 

In each EMG recording during a maximal 
contraction lasting 5 seconds, the amplitude 
(in µV) and frequency (in Hz) parameters are 
evaluated (Figure 1A). In these recordings, an 
increase in recruitment of single (nEMG) or 
total (sEMG) motor units action potentials 
(MUAPs) frequencies above 100 Hz indicates 
the primary muscular pathology (Figure 1Ae), 
while a decrease of this parameter in the range 
of 60–10 Hz (Figure 1Ab and 1Ac) describes 
the advancement of neurogenic pathology with 
varying degrees of severity [10]. Due to the 
lateralization of the motor function, only the 
difference in the decrease of the amplitude in 
bilateral sEMG recordings from homonymous 
muscle groups of more than 20% determines 
the paresis symptom. In nEMG recording dur-
ing the muscle relaxation (at rest), the pres-
ence of fibrillation potentials (Figure 1C) or 
the positive sharp waves (Figure 1D) confirm 
denervation and the neurogenic changes in 
muscle; pseudomyotonic discharges (Figure 
1E) — the myogenic pathological process. The 
diagnostically useful parameters (during the 
analysis of usually 20 recorded MUAPs), which 
help in the differentiation between the muscles 
diseases of neurogenic or myogenic origin, are 
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Figure 1. Examples of the needle electromyography recordings recorded in the healthy volunteers (Aa, Ab, Ba) and the patients 
with neurogenic (Ac, Ad, Bb, C, D, G) or myogenic disorders (Ae, Bc, C–F, H). During the attempt of maximal voluntary muscle 
contraction lasting five seconds, the normal, high-frequency discharges of the single motor units action potentials (MUAP) at 
90–70 Hz should be recorded (Aa — with higher amplitude in large muscle groups, Ab — with lower amplitude in small muscle 
groups). The frequency of MUAPs discharges decreases in cases of the moderate (Ac, 60–40 Hz) or severe (Ad, 30–10 Hz) ad-
vancement of neurogenic muscle pathology. In the case of myogenic disease (Ae), the recording during the maximal contraction 
is characterized by the low amplitude and the high-frequency parameters of MUAPs firings rates; B. Examples of single MUAPs 
recorded in (a) a healthy subject, (b) the patient with the muscle’s neurogenic disorder and (c) the patient with the muscle’s 
myogenic disorder during the voluntary contractions. The spontaneous potentials recorded at muscle’s rest shown in C are called 
fibrillation, the positive sharp waves in D and the pseudomyotonic discharges in E. C–D examples are recorded in patients with 
rheumatoid disorders and should not be missed with typical trains of the myotonic dischargers (F, recorded in the patient with 
Thomsen’s disease), „bizarre” high-frequency discharges recorded in the patient with the clinically recognized spinal muscle atro-
phy (G), the asynchronous trains of discharges recorded from active trigger points in the patients with fibromyalgia (H)

mainly the amplitude, the duration of the po-
tential and its area. Under normal conditions, 
these parameters are different with recordings 
from different muscles, but usually, their val-
ues are in the range respectively 300–1000 µV, 
8–12 ms and 350–950 µV/ms [11]. A difference 
for each of these parameters of more than 25% 

in comparison to the expected values can in-
dicate pathology in the activity of motor units 
within the examined muscle. During the vol-
untary muscle contraction, an analysis of more 
than 20 single MUAPs in nEMG recordings 
determining the average amplitude, the dura-
tion and the surface area (SI index) increase 
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Table 1. Characteristics of electromyographic recordings observed in patients with some rheumatic diseases

Disease or syndrome
EMG recording characteristics

At rest
(spontaneous activity)

During voluntary contraction
(pattern of discharge)

Rheumatoid arthritis Fibrillation* 
(Fig. 1C)

Neurogenic rather than myogenic

Systemic lupus erythematosus Pseudomyotonic discharges 
Fibrillation*

Myogenic*

Lupus with Sjögren’s syndrome,
Lupus with antiphospholipid 
syndrome

Pseudomyotonic discharges Myogenic*

Polymyositis Fibrillation
Positive sharp potentials*

(Fig. 1D)

Myogenic rather than neurogenic*

Inclusion myositis Fibrillation Myogenic 

Dermatomyositis Pseudomyotonic discharges 
Fibrillation*

Positive sharp potentials*

Myogenic, rarely neurogenic*

Gout
Systemic scleroderma

Pseudomyotonic discharges Myogenic, rarely neurogenic*

Rheumatic polymyalgia
sarcoidosis

Fibrillation
Pseudomyotonic discharges 

(Fig. 1 E)

Myogenic

 Fibromyalgia Asynchronous trains of discharges recorded 
from active trigger points (mean frequency at 

28 Hz, mean amplitude at 362 μV) 
(Fig. 1H)

Normal or slightly myogenic

*Depending on the disease advancement

in comparison to the values of the normative 
parameters (Figure 1Ba) confirms neurogenic 
disorder (Figure 1Bb), while their decrease 
— myogenic disorder (Figure 1Bc). Polypha-
sic potentials (with more than 3 phases) may 
occur in both types of muscle disorders [12]. 
sEMG recording with a mean amplitude of 
more than 25 µV at rest neurophysiologically 
defines normal muscle tension [13, 14].

Examples of the nEMG recordings in pa-
tients with rheumatoid-related disorders are 
shown in Figure 1, while descriptions of their 
characteristics are presented in Table 1.

Contemporary, there is a common agree-
ment that the pathological spontaneous activ-
ity nEMG recorded at rest in patients with 
some rheumatic diseases may be represented 
by the two main types; fibrillations and positive 
sharp waves or the high-frequency discharges 
(called pseudomyotnic or complex repetitive 
discharges). 

The fibrillations and positive waves are 
the low-amplitude potentials, which always 
discharge rhythmically due to the genera-
tion of action potentials in isolated muscle 
fibres. They are typical for denervation but 

can also be detected in myopathies with severe 
necrosis or inflammation. The high-frequency 
discharges are characterized by the abrupt on-
set and cessation and a rhythmic sound like an 
engine in a loudspeaker connected to an elec-
tromyographic device. The myotonic bursts 
are the representation of the difficulty for re-
laxation following voluntary or induced muscle 
contraction, usually after percussion, known as 
myotonia. They are due to the transient hy-
perexcitability of the muscle fibre membrane. 
It reflects the temporary activity of individual 
muscle fibres that discharge spontaneously 
and repetitively. They are described by a dis-
tinctive sound like a falling plane. Myotonic 
discharges are typical for myotonic dystrophy 
but occasionally appear in muscles undergoing 
inflammatory myopathy.

Too high or too low temperature influ-
ences the conditions for adequately recording 
the electrical MUs activity; the cooling can 
be used as an inductor in examinations of the 
myotonic syndromes. Recordings should be 
performed in the EMG laboratory room at 
about 22°C. Some pharmacotherapies influ-
encing blood coagulation, psychotropic drugs 
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or drugs affecting the acetylcholine release 
(used in cases of treating patients with distur-
bances at the level of the neuromuscular junc-
tion) should be considered in the decision and 
evaluation of EMG examination [1].

The “immature” EMG recording ob-
served during the maximal contraction test in 
children up to 14 years of age is characterized 
by a change in amplitude rather than frequen-
cy. After the age of 40, motor units undergo 
a natural ageing process with a shift in MUAPs 
parameters in the direction characteristic for 
the neurogenic pathology. Due to the tenden-
cy to a sedentary lifestyle, a functional invo-
lution of muscles is observed, and a trend of 
the variability of the neuromuscular diseases 
themselves is also described [2].

GENERAL REMARKS

Using electromyograms and nerve con-
duction studies is essential to exclude alterna-
tive diagnoses and confirm muscle disease when 
evaluating patients with suspected myopathic 
disorders. The usefulness of neurophysiological 
studies lies in their high sensitivity and specific-
ity for diagnosing myopathies and the ability to 
exclude other causes of muscle weakness such 
as neuropathy with motor involvement, myas-
thenic syndromes or motor neuron disease.

The diagnosis of myopathic manifesta-
tions in rheumatic diseases, is difficult because 
of the frequent vasculitis coexistence in the 
patients, evoking subsequent changes in nerve 
fibres leading to degenerative neurogenic 
changes. The latter may overlap the diagnos-
tic picture of the primary myogenic changes 
caused by rheumatic diseases. In these cases, 
the neurophysiological studies of efferent and 
afferent transmission often reveal peripheral 
neuropathies at the subclinical level. In cases 
of patients with chronic nephritis and diabetes, 
systemic diseases such as generalized amyloi-
dosis, lupus erythematosus, or systemic vascu-
litis may themselves induce polyneuropathies 
by the metabolic system change or the induc-
tion of immunological factors.

The characteristics of the electromyogra-
phy recordings may change following the phar-
macological treatment, so the relationships 
between the patterns described in Table 1 and 
the particular disease of the rheumatoid origin 
during the differential diagnosis should be as-
certained mainly before its application. Needle 
electromyography shows increased spontane-
ous activity with fibrillations, complex repet-

itive discharges, and positive sharp waves in 
the inflammatory myopathies. The voluntary 
motor unit activity consists of low-amplitude 
polyphasic potentials of short duration [15]. 
Although not disease-specific, these findings 
help to confirm the active myopathy. Sponta-
neous nEMG recorded activity can help distin-
guish the active disease from steroid-induced 
myopathy, except if the two coexist [16].

The pictures of idiopathic inflammatory 
myopathies (dermatomyositis, polymyositis, 
inclusion body myositis, anti-synthetase syn-
drome and immune-mediated necrotizing my-
opathy) in differential diagnosis with nEMG 
recordings are various in particularities, al-
though the myogenic component is common in 
their early onset [17–20]. There is no evidence 
of a neurogenic component in inclusion body 
myositis if quantitative nEMG is used for the 
differential diagnosis [21].

“Pseudopolymyositis”, often called false 
inflammatory myopathies, among others fibro-
myalgia, polymyalgia rheumatica, granuloma-
tous myositis, myopathies due to hypothyroid-
ism, metabolic myopathies, McArdle’s disease 
and Pompe’s disease, hereditary myopathies, 
dystrofinopathies, dysferlinopathies, girdle 
dystrophy and pharmacologic myopathies do 
not provide the clear cut electromyographic 
images to the end like polymyositis and der-
matomyositis [22]. 
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