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Abstract

Introduction: The location, direction and number of spinal curvatures are typical features characterising scoliosis. Electro-
myographic testing of the erector spinae is used to observe the development of scoliosis.
Aim of the research: To analyse the relationship between the features of scoliosis in the form of location, direction and 
number of spinal curvatures and surface electromyography amplitude of the erector spinae in young school children.
Material and methods: The study included 103 (41%) children with scoliosis, 141 (56.17%) children with scoliotic posture 
and 7 (3.0%) children with correct posture. Body posture and the spine were assessed using the surface topography method. 
Electromyographic amplitude of the erector spinae was examined with the Noraxon TeleMyo DTS apparatus.
Results and conclusions: In the group of children with scoliosis, the most common was curvature in the thoracic segment. 
Girls experienced left-sided curvature slightly more often, the same in the scoliosis group, and in boys, right-sided curva-
ture prevailed. Single-curvatures were the most common. The greatest generalised amplitude of the erector spinae SEMG 
occurred in scoliosis in both girls and boys. A significant relationship between the location, direction and number of spinal 
curvatures and SEMG amplitude of the erector spinae has been demonstrated. The increase in erector spinae activity cor-
relates with the progression of scoliosis.

Streszczenie 

Wprowadzenie: Lokalizacja, kierunek i liczba łuków skrzywienia kręgosłupa to typowe cechy charakteryzujące skoliozę. 
Choroba ta, z wieloma nierozwiązanymi zagadnieniami dotyczącymi etiopatogenezy oraz metod leczenia zachowawczego, 
należy do stale aktualnych problemów wymagających nowych poszukiwań oraz intensywnych badań. Zaburzenie aktyw-
ności i napięcia prostownika grzbietu przyczynia się do rozwoju skrzywienia i wiele świadczy o tym, że zmiany te są pier-
wotną przyczyną skoliozy idiopatycznej. Badania elektromiograficzne prostownika grzbietu służą do obserwacji rozwoju 
skoliozy.
Cel pracy: Analiza związku między lokalizacją, kierunkiem i liczbą łuków skrzywienia kręgosłupa a elektromiograficzną 
amplitudą prostownika grzbietu u dzieci we wczesnym wieku szkolnym.
Materiał i metody: Analizie poddano 103 (41%) dzieci ze skoliozą, 141 (56,17%) dzieci z postawą skoliotyczną i 7 (3,0%) dzie-
ci z poprawną postawą. Postawę ciała i kręgosłup oceniono metodą fotogrametrii przestrzennej. Amplitudę elektromiogra-
ficzną prostownika grzbietu zbadano aparatem Noraxon TeleMyo DTS.
Wyniki i wnioski: W grupie dzieci ze skoliozą najczęściej występowało skrzywienie o lokalizacji piersiowej. U dziewcząt 
nieznacznie częściej pojawiał się lewostronny kierunek skrzywienia, również w grupie skolioz, natomiast u chłopców pra-
wostronny kierunek skrzywienia. Najczęściej stwierdzano skrzywienia jednołukowe. Największa uogólniona amplituda 
SEMG prostownika grzbietu wystąpiła w skoliozach zarówno u dziewcząt, jak i chłopców. Wykazano istotny związek mię-
dzy lokalizacją, kierunkiem i liczbą łuków skrzywienia kręgosłupa a amplitudą SEMG prostownika grzbietu. Wzrost aktyw-
ności prostownika grzbietu koreluje z postępem skoliozy.
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Introduction

The location, direction and number of spinal cur-
vatures are typical features characterising scoliosis 
[1, 2]. This disease, with many unsolved problems re-
garding etiopathogenesis and conservative treatment 
methods, is a constantly current issue requiring new 
and intensive research [3]. Among spinal curvatures, 
we distinguish those that do not show any tendency 
towards aggravation, and a certain type of malignant 
course, poorly susceptible to existing methods of con-
servative treatment [4, 5]. The main task in the thera-
py of this disease should be to identify cases that are 
prone to progression as early as possible and to pre-
vent their progression using conservative methods [6]. 

Treatment of scoliosis is made difficult by not 
knowing the causes of this disease. The most numer-
ous group comprises idiopathic scoliosis of unknown 
aetiology (about 90%) [7]. The formation and develop-
ment of scoliosis depend on two basic factors: aetiolog-
ical and biomechanical. The first can be very diverse; 
it initiates the formation of a curvature. The second is 
common to all curvatures, regardless of their aetiol-
ogy; it works according to the laws of gravity and the 
laws of growth. This factor controls the development 
of scoliosis. The effect of gravity along the long axis of 
the spine is important here. Under normal conditions, 
the spine retains its vertical form with physiological 
anteroposterior bends thanks to so-called internal 
balance. This balance consists of both passive and ac-
tive elements. Correctly shaped vertebrae connected 
by joints and ligaments are subjected to compressive 
forces of gravity [8]. Intervertebral discs, thanks to 
their elasticity and tension, counteract the compres-
sive force and distribute the loads evenly over the en-
tire surfaces of the vertebrae. Due to this coordinated 
action, the spine and trunk muscles ensure active, bal-
anced positioning of the spine in a vertical position. 

In the approach to the pathogenesis and pathome-
chanics of scoliosis, there are two opposing groups of 
views. Some researchers see scoliosis nuclei in the ver-
tebrae, intervertebral discs or ligaments, i.e. in the pas-
sive support apparatus of the spine. They point to the 
basic importance of disorders in the epiphyseal plates 
of the vertebrae, as well as in the ribs and ligaments of 
the spine in the formation and development of scoliosis 
[9]. Clinically, in the course of scoliosis formation, dis-
orders in the epiphyseal plates were also noted, and the 
encouraging results of scoliosis treatment by destroy-
ing the growth cartilage on the convex side of the cur-
vature confirmed the special role of disorders in these 
cartilages in the pathogenesis of idiopathic scoliosis. 
However, currently, most researchers consider disor-
ders of muscular balance to be primary, while changes 
in the passive elements of the spine are secondary [10]. 
Muscle balance of one of the main active stabilisers of 
the spine, i.e. the erector spinae, may be disturbed due 
to discrete changes in the central nervous system [11]. 

The disturbance of activity and tension of the erector 
spinae contributes to the development of the curvature 
and much testifies to the fact that these changes are the 
primary cause of idiopathic scoliosis [12]. 

Regardless of the approach to pathogenesis, it re-
mains an undoubted fact that under the influence 
of the aetiological factor, the internal balance of the 
spine is disturbed [13]. Lateral curvature is formed in 
one part of the spine, which we call the primary cur-
vature. In the first phase, only narrowing of the inter-
vertebral discs on the concave side of the curvature 
and loss of elasticity are found [4]. At the same time, 
an increase in the amplitude of the erector spinae in 
electromyographic examination is observed [14]. 

Electromyographic testing of the erector spinae 
is used to observe the development of scoliosis. It is 
also used in studies on its aetiology and progression. 
Attention is drawn to the asymmetry of the EMG am-
plitude of the erector spinae between the concave and 
convex sides of the curvature and at various levels of 
the spine. Electromyographic examination is a meth-
od of receiving and analysing myoelectric signals 
formed as a result of selective penetration of sodium 
and potassium ions in cell membranes of muscle fi-
bres [14]. The electromyographic signal can be record-
ed from the muscle using inserted needle electrodes 
(EMG) or surface electrodes (SEMG). The surface elec-
tromyography amplitude reflects muscle activity and 
tension. It is expressed in microvolts (µV). Its value 
covers the range from a few µV at rest to several dozen 
mV at the time of maximal muscle tension [15]. By 
examining the signal amplitude, periods of greater or 
lesser muscle activity can be indicated.

Aim of the research

The aim of the study was to analyse the relation-
ship between the features of scoliosis in the form of 
location, direction and number of spinal curvature 
and the amplitude of erector spinae surface electro-
myography in young school children.

Material and methods

Research was carried out at the Posturology Labo-
ratory. The study included 113 (45.02%) girls and 138 
(54.98%) boys, totalling 251 subjects. The selection 
was deliberate and random. Before beginning the 
study, the following documents were analysed: in-
formation on the subject containing detailed data on 
the purpose and rules of conducting the study, con-
sent form of the parent/legal guardian for the child’s 
participation, declaration of the parent/legal guardian 
of the child for the processing of data related to par-
ticipation in the study, declaration, signed with first 
name and surname, in which informed consent for 
the examination was obtained from all parents/legal 
guardians of children. Each person could refuse to 
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participate in the research or withdraw at any time, 
including during the study, without suffering any con-
sequences. The inclusion criteria were: age 7–8 years, 
no certificate of physical or intellectual disability, no 
diagnosed syndromes or congenital defects of the 
central nervous system (CNS) or locomotor system, 
preventing proper psychomotor development, no ge-
netic syndromes, hormonal disorders, neuromuscular 
diseases, no congenital motor system defects, written 
consent of parents or guardians for testing. The ex-
clusion criteria were: the presence of syndromes and 
congenital defects of the CNS or the musculoskeletal 
system, preventing proper psychomotor development, 
a certificate of physical or intellectual disability, disor-
ders that may be the cause of pathological body pos-
ture: genetic syndromes, hormonal disorders, neuro-
muscular diseases, congenital defects of the locomotor 
system, age below 7 and above 8, no written consent 
for testing. Children took part in curricular physical 
education classes three times a week. The vast major-
ity did not engage in competitive sports at sports clubs. 
The tests were carried out with the consent of the Uni-
versity Bioethics Committee. The spine was examined 
via the optoelectronic method – Diers formetric III 4D 
(DIERS International GmbH Dillenbergweg 4/65388 
Schlangenbad, Germany). Three-dimensional analysis 
of the spine is a combination of the latest optical imag-
ing technique and digital data processing using raster 
stereography [16, 17]. This is a fast and non-contact 4D 
photogrammetric measurement [18, 19]. The measure-
ment results are very precise, and thanks to the quick 
transfer of the image to a computer, data analysis takes 
place immediately after the test [20]. The study was 
conducted with the DiCAM ‘Average’ programme. 
Following the Diers formetric III 4D manual, for the 
assessment of scoliotic posture and scoliosis, the fol-
lowing classification was made:
•	 scoliotic posture – pelvic tilt 1–4 mm, lateral devia-

tion (rms) 1–4 mm, rotation (rms) 1–4°,
•	 scoliosis – pelvic tilt equal to or greater than 5 mm, 

lateral deviation (rms) equal to or greater than 
5 mm, rotation (rms) equal to or greater than 5°. 
All the parameters registered by the Diers formetric 

III 4D were collected in a totally non-invasive way, and 
the device was safe for the whole group. On their ba-
sis, the Diers formetric III 4D standardisation of results 
was also performed. X-ray imaging provides direct and 
illustrated information about the form and deviations 
from the norm, but only in two-dimensional projec-
tion. In addition, the disadvantage of X-ray testing is 
the detrimental effect of radiation, which makes it im-
possible to take check-up images at shorter intervals. 
The Diers formetric III 4D method is a non-contact and, 
above all, non-radiating measurement method [21, 22].

Surface electromyography (SEMG) of the erector 
spinae was performed using a  12-channel Noraxon-
TeleMyo DTS apparatus (Noraxon U.S.A. Inc. 15770 

North Greenway-Hayden Loop, Suite 100, Scottsdale, 
Arizona 85260). The device had an EC certificate 
(Certificate Production Quality Assurance Directive 
93/42/EEC Medical Devices Annex V) [23]. In this 
study, 30 mm diameter pre-gel electrodes were used. 
At the point of application, the skin was cleaned with 
an abrasive fluid to obtain resistance between the skin 
and an electrode below 2 kΩ. The electrodes were lo-
cated parallel to the direction of the tested muscle 
fibres. The distance between them was 20 mm. The 
SEMG amplitude of the erector spinae was examined 
in the thoracic and lumbar segments on both sides 
of the spine. A raw signal appeared on the comput-
er screen preceding the SEMG target recording. The 
raw signal was recorded and analysed. The program 
that modified the signal and cleared the raw record 
from extreme, maximal and minimal deflections was 
selected. Then the raw signal processing option was 
chosen to calculate the average SEMG amplitude. The 
processed mean SEMG amplitude of the erector spi-
nae expressed in millivolts (mV) was further recorded 
[24]. The test results included a voltage scale at a time 
interval of 100 ms. The study used the continuous 
track recording mode. The SEMG amplitude was re-
corded for the erector spinae on both sides, in the tho-
racic and lumbar regions at the apex of the curvature:
•	 in a habitual standing position;
•	 in resting position: prone position (lower limbs 

extended in the knee joints, upper limbs placed 
along the trunk);

•	 under isometric contraction:
–  prone position (lower limbs extended in the knee 

joints, upper limbs place along the trunk, stabi-
lised pelvis); the subject lifted the trunk within 
the range of mobility of the lumbar spine (ap-
proximately 30°), after which s/he maintained 
this position for 10 s,

–  prone position, with the upper trunk stabilised 
(shoulders and chest, limbs arranged as before), 
the subject lifted both lower limbs within the mo-
bility of the hip joints (approximately 15°) for 10 s.

The SEMG amplitude of the erector spinae was 
used to assess the degree of activity and muscle tone 
[25]. The SEMG measurement was in accordance with 
SENIAM recommendations (Surface ElectroMyoG-
raphy for the Non-Invasive Assessment of Muscles), 
a European research programme containing a num-
ber of guidelines regarding the choice of electrode 
type, their location, muscle anatomy and function, 
muscle group tests and signal processing as well as 
hardware conditions. Both the examination of the 
spine and the SEMG amplitude of the erector spinae 
were painless and non-invasive.

Statistical analysis

In order to determine the normality of variable 
distributions, the Kolmogorov-Smirnov test was per-
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formed. To assess the most important and statistically 
significant predictors for dependent variables – the 
location, direction and number of spinal curvatures 
– and the independent variable, i.e. the SEMG am-
plitude of the erector, the multinomial, stepwise and 
progressive regression models were used:

Y = a + b1X1 + b2X2 + ... + bnXn

The incoming data consisted of the following  
16 independent variables: standing position, thoracic 
segment, left side; standing position, thoracic seg-
ment, right side; standing position lumbar segment, 
left side; standing position, lumbar segment, right 
side; prone position, thoracic segment, left side; prone 
position, thoracic segment, right side; prone position, 
lumbar segment, left side; prone position, lumbar seg-
ment, right side; prone, position, trunk up, thoracic 
segment, left side; prone, position, trunk up, thoracic 
segment, right side; prone position, trunk up, lumbar 
segment, left side; prone position, trunk up, lumbar 
segment, right side; prone position, lower limbs up, 
thoracic segment, left side; prone position, lower 
limbs up, thoracic segment, right side; prone position, 
lower limbs up, lumbar segment, left side; prone posi-
tion, lower limbs up, lumbar segment, right side. The 
verifying parameter used to assess the created mod-
els was the determination coefficient (adjusted R2), as 
well as test statistics and the level of statistical signifi-
cance, which clearly made it possible to choose mod-
els with the assumed level of statistical significance of 
p < 0.05. 

Results

There were 141 (56.17%) children with scoliotic 
posture, 103 (41%) with scoliosis and 7 (3.0%) with 
normal posture. Within the group of subjects with 
scoliosis, the most common was curvature in the tho-
racic segment. In girls, this was 62%, and in boys 56%. 
In the group of children with scoliotic posture, thorac-
ic location of curvature was also the most common in 
both girls (49%) and boys (45%). Left-sided curvature 
was slightly more common in girls, both in the sco-
liosis (41%) and in the scoliotic posture group. On the 
other hand, right-sided curvature prevailed in boys. 
The most common were single curvatures among girls 
in the scoliosis group, which totalled 77%, and in the 
group with scoliotic posture, this reached 63%, while 
among boys in the scoliosis group, this value was 56% 
and 52% in the group with scoliotic posture (Table 1). 
The values of location and dispersion measures for 
the amplitude of the SEMG of the erector spinae had 
different distributions in both girls and boys and in 
all groups. Among the girls, the greatest absolute dif-
ferentiation occurred for the variable prone position, 
lumbar segment, right side in the scoliosis group 
(S = 47.58), scoliotic posture (S = 47.22) and the group 
with correct posture (S  =  56.48). Among boys, the 
greatest absolute differentiation also occurred for the 

variable prone position, lumbar segment, right side 
in both the scoliosis group (S = 51.33) and the group 
with scoliotic posture (S  =  47.00). However, in the 
group with normal posture, among boys, the greatest 
absolute differentiation was observed for the variable 
trunk up, thoracic segment, right side (S = 48.29). In 
girls, the highest generalised amplitude was in the 
case of scoliosis (x = 47.175 mV), and similarly, in boys 
with scoliosis (x = 48.726 mV).

Spinal curvature location and SEMG 
amplitude of the erector spinae 

The regression model for the group with normal 
posture did not reach the assumed level of statistical 
significance; therefore, it was not shown nor was it 
recognised as correct in modelling the relationship be-
tween the EMG amplitude of the erector and the loca-
tion of scoliosis. There was a significant correlation be-
tween the location of the curvature and the amplitude 
of the erector spinae in both the scoliosis and scoliotic 
posture groups. In scoliosis, statistically significant 
model predictors were the frequency tested in prone 
position, lower limbs up, lumbar segment, right side 
(p = 0.001); prone position, thoracic segment, left side 
(p = 0.02); standing position lumbar segment, left side 
(p  =  0.01); standing position, thoracic segment, right 
side (p = 0.01); prone position, lower limbs up, lumbar 
segment, left side (p = 0.02). The variance explained 
by the independent variables adopted in the model 
accounted for 42% of the total variability (R2 = 0.42), 
which indicates an average fit to the data, but the as-
sumed level of statistical significance (p = 0.001) was 
met, and the appropriate value of the statistical test 
F = 4.79 was also reached. In the group of with scoli-
otic posture, statistically significant model predictors 
were the amplitude tested in prone position, trunk up, 
lumbar segment, left side (p = 0.01); and standing posi-
tion, thoracic segment, right side (p = 0.02). The model 
explained only 31% of the variability (R2 = 0.31), i.e. 
less than half, but the assumed level of statistical sig-
nificance (p  =  0.04) was also met, and the appropri-
ate value of the statistical test F = 2.69 was obtained 
(Table 2).

Spinal curvature direction and SEMG 
amplitude of the erector spinae

The regression model for the group with normal 
posture did not reach the assumed level of statistical 
significance; therefore, it was not shown, nor was it 
recognised as correct in modelling the relationship be-
tween EMG amplitude and the direction of scoliosis. 
There was a significant correlation between the direc-
tion of the curvature and the amplitude of the erector 
spinae in both the scoliosis group and the group with 
scoliotic postures. In scoliosis, statistically significant 
model predictors were the frequency tested in prone 
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position, trunk up, thoracic segment, left side (p = 0.03) 
and prone position, lower limbs up, thoracic segment, 
right side (p = 0.03). The variance explained by the in-
dependent variables adopted in the model accounts for 
29% of the total variability (R2 = 0.29), which indicates 
a low fit to the data, but the assumed level of statisti-
cal significance (p = 0.02) was met, and the appropriate 
value of the statistical test F = 3.2 was obtained. In the 
group with scoliotic posture, statistically significant 
model predictors were the amplitude tested in prone 
position, position, trunk up, thoracic segment, right 
side (p  =  0.04); standing position, thoracic segment, 
right side (p = 0.001); prone position, lumbar segment, 
right side (p  =  0.01); and standing position, thoracic 
segment, left side (p = 0.02). The model explained only 
39% of the variability (R2 = 0.39), i.e. less than half, but 
the assumed level of statistical significance (p = 0.02) 
was also met, and the appropriate value of the statisti-
cal test F = 2.47 was obtained (Table 3).

Number of spinal curvatures and SEMG 
amplitude of the erector spinae 

The regression model for the scoliosis group and 
the normal group did not achieve the assumed statis-
tical significance; therefore, it was not shown, nor was 
it considered correct in modelling the relationship be-
tween the SEMG amplitude and the number of curva-
tures. There was also a significant correlation between 
the number of spinal curvatures and the amplitude 
of the erector spinae in the scoliosis group. In scolio-
sis, statistically significant model predictors were the 
frequency tested in prone position, trunk up, lum-
bar segment, left side (p = 0.01); and prone position, 
thoracic segment, left side (p = 0.02). The model ex-
plained 41% of the variability (R2 = 0.41), i.e. less than 
half, but the assumed level of statistical significance 
(p = 0.001) was also met, and the appropriate value of 
the statistical test F = 5.1 (Table 4) was obtained. 

Table 1. Location, direction and number of spinal curvatures

Location of curvature Scoliosis Scoliotic posture Norm

N % N % N %

Location of curvature in girls:

Thoracic 24 62 34 49 0 0

Thoracolumbar 8 21 24 34 3 75

Lumbar 7 18 12 17 1 25

Location of curvature in boys:

Thoracic 36 56 32 45 0 0

Thoracolumbar 19 30 26 37 1 33

Lumbar 9 14 13 18 2 67

Direction of curvature in girls:

Left-sided 16 41 23 33 0 0

Right-sided 14 36 21 30 1 25

Right-/left-sided 3 8 6 9 0 0

Left-/right-sided 6 15 20 29 3 75

Direction of curvature in boys:

Left-sided 18 28 18 25 0 0

Right-sided 18 28 20 28 2 67

Right-/left-sided 5 8 15 21 1 33

Left-/right-sided 23 36 18 25 0 0

Number of curvatures in girls:

One 30 77 44 63 1 25

Two 9 23 26 37 3 75

Number of curvatures in boys:

One 36 56 37 52 2 67

Two 28 44 34 48 1 33
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Table 2. Progressive stepwise regression model for the location of curvature

Variable β Std. error 
Z β

b Std. error 
Z b

t(97) P-value

Scoliosis group:

Constant/absolute term 2.08 0.25 8.48 0.001

Prone position, lower limbs up, lumbar segment,  
right side

0.39 0.10 0.01 0.00 3.93 0.001

Prone position, thoracic segment, left side –0.20 0.08 –0.01 0.00 –2.40 0.02

Standing position lumbar segment, left side 0.24 0.09 0.01 0.01 2.62 0.01

Standing position, thoracic segment, right side –0.36 0.13 –0.01 0.00 –2.73 0.01

Prone position, lower limbs up, lumbar segment,  
left side

–0.35 0.14 –0.01 0.00 –2.42 0.02

R = 0.42; R2 = 0.18; Correction R2 = 0.14; F(6.134) = 4.79; p = 0.001

Scoliotic posture group:

Constant/absolute term 2.81 0.29 9.82 0.001

Prone position, trunk up, lumbar segment, left side 0.35 0.12 0.02 0.01 2.83 0.01

Standing position, thoracic segment, right side –0.37 0.16 –0.01 0.00 –2.36 0.02

R = 0.31; R2 = 0.10; Correction R2 = 0.6; F(4.98) = 2.69; p = 0.04

Table 3. Progressive stepwise regression model for the direction of curvature

Variable β Std. error 
Z β

b Std. error 
Z b

t(95) P-value

Scoliosis group:

Constant/absolute term 3.06 0.34 8.91 0.001

Prone, position, trunk up, thoracic segment, left side –0.24 0.11 –0.01 0.00 –2.19 0.03

Prone position, lower limbs up, thoracic segment, 
right side

–0.21 0.09 –0.01 0.00 –2.22 0.03

R = 0.29; R2 = 0.09; Correction R2 = 0.06; F(4.136) = 3.2; p = 0.02

Scoliotic posture group:

Constant/absolute term 1.93 0.45 4.30 0.001

Prone, position, trunk up, thoracic segment, right side –0.33 0.16 –0.01 0.01 –2.11 0.04

Standing position, thoracic segment, right side 1.26 0.40 0.05 0.02 3.17 0.001

Prone position, lumbar segment, right side –0.98 0.36 –0.02 0.01 –2.71 0.01

Standing position, thoracic segment, left side –0.30 0.13 –0.03 0.01 –2.37 0.02

R = 0.39; R2 = 0.15; Correction R2 = 0.09; F(7.95) = 2.47; p = 0.02

Table 4. Progressive stepwise regression model for the number of curvatures

Variable β Std. error 
Z β

b Std. error 
Z b

t(132) P-value

Scoliosis group:

Constant/absolute term 0.46 0.44 1.05 0.30

Prone position, trunk up, lumbar segment, left side 0.28 0.11 0.01 0.00 2.62 0.01

Prone position, thoracic segment, left side –0.37 0.16 –0.01 0.00 –2.33 0.02

R = 0.41; R2 = 0.17; Correction R2 = 0.14; F(4.98) = 5.1; p = 0.001
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Discussion

In our research, we have confirmed that curva-
tures located in the thoracic segment are most com-
mon in school-children. In the group of girls, left-sid-
ed thoracic scoliosis slightly prevailed, of which there 
were 16 cases (41%), and only 2 less totalling 14 (36%) 
regarded right-sided curvatures (Table 1). We explain 
this by the fact that in the whole study group, low-
grade scoliosis not exceeding 30° prevailed. There is 
information in the subject literature stating that in 
low-grade scoliosis, left-sided (63.0%) is more com-
mon than right-side d scoliosis (37.0%). It is only in 
curvatures above 30° that the right-sided, more often 
double-curvatures, compensation-related, right-sided 
thoracic and lumbar-left curvatures predominate. 
These curvatures have the worst prognosis and some-
times require surgery. Also, in the case of curvatures 
appearing before the age of 3, the primary curvature is 
located in part in the thoracic segment and is usually 
left-sided. Double curvatures are less common [25]. In 
both girls and boys, the largest generalised amplitude 
was in scoliosis (x = 47.175 mV), and similarly in boys 
with scoliosis (x = 48.726 mV) (Tables 2, 3).

The presented research showed a significant rela-
tionship between the location, direction and number 
of spinal curvatures and the SEMG amplitude of the 
erector spinae. Among the concepts regarding the for-
mation and development of idiopathic scoliosis, the 
theory of muscular tension disorders is particularly 
important [26]. In this theory, muscle disorders are 
treated as secondary and resulting from unaltered 
changes occurring in the central nervous system. On 
the other hand, muscular disorders are primary in re-
lation to bone changes [27]. Together, this creates a set 
of changes that form a clinical and anatomopathologi-
cal image of idiopathic scoliosis. In many studies, re-
searchers point to the key importance of the nervous 
system in the pathogenesis of scoliosis. Via impulsa-
tion from the brain or cerebellum through vegetative 
pathways, segmental, tonic muscle contraction occurs 
in the segments affected by reflex [10]. The result of 
chronic, isotonic contraction of the deep back muscles 
is the rotation of the vertebrae, as well as a  gradual 
contracture of the rotator muscles. As a  result, con-
tractures and degenerations of the ligamentous joints 
of the spine occur, correlating with the functional 
shortening of the long back muscles on the concave 
side of the curvature [28]. 

In the early 1960s, the first studies on deep muscles 
using electromyography were carried out. Żuk [29], in 
his EMG measurements, found a higher amplitude on 
the concave side of the spine in most cases. Research 
performed by Tokarowski [30] indicated muscular 
dystrophy manifesting itself primarily on the concave 
side of the curvature. Tylman [28] noted that lateral 
curvature of the spine is directed with convexity in 
the direction with less muscular tension. Chwała 

et al. [31], in patients performing asymmetric exercises 
of the erector spinae muscles, noted different muscle 
tension on the electromyographic recording both on 
the convex and concave sides of the spine. In the 1980s, 
Cassidy et al. [32] analysed the role of erector spinae 
muscles in the pathogenesis of idiopathic scoliosis dur-
ing gait using EMG. Out of the 10 patients examined, 
6 had higher muscle tone amplitude on the convex side 
of the curvature. Farahpour et al. [33] performed EMG 
tests in patients with scoliosis, in which they found 
a link between curvature of the spine and uneven ten-
sion of the erector spinae muscles. Stetkarova et al. [34] 
noted higher tension amplitude in the paravertebral 
muscles and changes in muscle fibres on the convex 
side of the spine. Guo et al. [35] observed reduced EMG 
activity on the concave side and increased dynamics 
on the convex side of the paravertebral muscles in pa-
tients with scoliosis during rest. Elattar et al. [36], on 
the EMG record, found a  correlation between an in-
crease in muscle tone and a progressive increase in the 
angle of curvature on the convex side measured via the 
Cobb method. Thouin and Mathieu [37] electromyo-
graphically examined patients considering the divi-
sion into those with a scoliotic attitude and those with 
diagnosed scoliosis. He recorded higher values  of EMG 
signals in patients with scoliotic posture on the con-
cave side, while in patients with scoliosis higher val-
ues were recorded on the convex side. Arendt-Nielsen 
et  al. [38] noted that the tension signal during elec-
tromyographic examination increases during muscle 
contraction. Trontelj et al. [39] noted uneven tension 
of the paravertebral muscles in people with scoliosis 
at the apex of the curvatures. In other measurements, 
based on EMG analysis, Kwok et al. [40] stated that not 
all patients with scoliosis had asymmetrical muscle 
tension. In some cases, it was evenly distributed. Usig 
EMG, Richardson et al. [41] determined that in healthy 
subjects, the erector spinae muscles during elevation 
of the trunk work using 76–79% of their potential. In 
the case of scoliosis between 20° and 50°, Tsai et al. [42] 
noted significant asymmetry in the EMG record of the 
erector spinae muscle in the thoracic spine segment. 
EMG testing allows precise determination of motor 
functions in patients with locomotor dysfunctions, 
and enables recording of natural muscle activation sig-
nals. Thanks to electromyographic examination, pa-
tients with scoliosis experienced delayed back muscle 
reaction on the convex side of the lumbar segment rel-
ative to the concave side. Similar results were obtained 
by Toosizadeh et al. [43] in the case of muscles located 
at the height of the thoracic segment. From the begin-
ning of research on erector spinae electromyography, 
it has been noted that there is a relationship between 
erector spinae muscle activity, tension and fatigue, 
and features of scoliosis. In most studies, an increase 
in paravertebral muscle amplitude on the convex side 
of curvature has been found. 
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The results of our research confirms that disorders 
of muscle tension play an important role in progres-
sion of scoliosis [26]. Probably, abnormalities in ten-
sion of the back muscles are secondary, and are the 
result of yet unknown changes in the CNS [10]. On 
the other hand, muscle dysfunctions are primary to 
the bone changes. In many studies on the pathogen-
esis of scoliosis, scientists point to the key role of the 
nervous system [10]. Our studies are also important 
for the treatment of scoliosis. They confirm the opin-
ion that the mechanical perception of the role of back 
muscles in the treatment of scoliosis without relating 
their function with CNS causes unjustified focusing 
on the formation of a so-called muscular “corset”, to 
be more precise, on exercises that develop the strength 
and endurance of postural muscles. This element of 
the mentioned procedure is surely important, but the 
approach to the functioning of these muscles must be 
completely different. There is abundant evidence that 
despite the significant strength and endurance of pos-
tural muscles, incorrect posture is often adopted, even 
scoliosis develops, and corrective treatment does not 
bring the expected results. Kinesiotherapy of scolio-
sis is not associated with strengthening of individual 
groups of postural muscles, but with the integration of 
their functions in static, positioning and equilibrium 
reactions, in connection with the CNS function. In the 
treatment of scoliosis, the EMG biofeedback method is 
useful. The novelty of our research is also that it was 
carried out on a group of small, 7–8 year-old children 
with slight scoliosis and scoliotic postures. 

We hope our research will help ensure that in the 
future there will be a model record for EMG amplitude 
of the postural muscles, characteristic for a child with 
scoliosis. Then, based on electromyographic examina-
tion, it will be possible to capture the initial symptoms 
of scoliosis and start preventive rehabilitation before 
irreversible bone changes occur. Idiopathic scoliosis is 
merely a symptom, an external expression of the CNS 
dysfunction not fully recognised, also visible on the 
EMG record of postural muscles. Imaging of the CNS 
(PET, RM, DTI) in combination with EMG and genetic 
tests will probably explain the aetiology of idiopathic 
scoliosis in the future [44].

Conclusions

The greatest generalised SEMG amplitude of the 
erector spinae occurred in scoliosis among both girls 
and boys. A significant relationship between the loca-
tion, direction and number of spinal curvatures and 
SEMG amplitude of the erector spinae has been dem-
onstrated. The increase in erector spinae activity cor-
relates with the progression of scoliosis.
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