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Abstract: Objective: To evaluate the clinical effectiveness of surface electromyography combined with a spine 3D 
data system. Methods: 10 idiopathic scoliosis patients (age: 12.90±3.67 years, height: 155.90±20.07 cm, weight: 
48.00±12.86 kg, 6 major thoracic lateral bends and 4 lumbar bends) who were selected to attend the outpatient 
clinic of Ruijin Rehabilitation Hospital, First diagnosed as scoliosis by imaging examination (EOS system), evaluation 
by using the surface electromyography monitoring system, the radiation-free 3D spine data acquisition and analysis 
system, the surface electromyography of the paravertebral muscles (root mean square value (RMS) of the resting 
standing and action position of the spine) and the Cobb angle of scoliosis were recorded. Results: The RMS of the 
convex side was larger than that of the concave side in the two postures (P<0.05), and The RMS value of bilateral 
action position was significantly higher than that of rest position (P<0.05). There was no correlation between RMS 
ratio and Cobb angle in two positions of thoracic scoliosis (P>0.05). There was a significant correlation between the 
RMS ratio at rest position of lumbar scoliosis and Cobb angle. At rest, the RMS value of convex side was significantly 
correlated with the Cobb angle measured by the EOS system and the 3D data system (P<0.05, of which P<0.01). 
The Cobb angle measured by 3D data system and the EOS system was significantly correlated (P<0.01). Conclu-
sion: Surface EMG can be used to evaluate the motor function of paravertebral muscles on both sides of scoliosis 
patients. The new 3D data system has high accuracy in evaluating scoliosis. The combination of the two can dynami-
cally evaluate scoliosis, which is more clinically effective.
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Introduction

Scoliosis is a three-dimensional spinal defor-
mity caused by primary or secondary causes. 
The incidence of adolescent idiopathic scolio-
sis (AIS) is increasing year by year [1]. The cur-
rent clinically accepted diagnostic method is 
physical examination combined with imaging 
examination, but there are some limitations 
due to imaging examination [2]. It cannot reflect 
the performance difference of patients in static 
position and real-time movements, and there 
are lack of evaluation of paravertebral muscles 
on both sides of the spine, so it is impossible to 
quickly complete the evaluation of rehabilita-
tion efficacy, which obviously limits the rapid 
screening of rehabilitation means and the 
enthusiasm of patients for rehabilitation.

Surface electromyography (sEMG) is a com-
monly used rehabilitation evaluation method in 
clinical practice that has many advantages. It 
can dynamically monitor and quantify the mus-
cle activation during somatic motion [3]. At 
present, few patients with scoliosis use this 
method. At the same time, with the develop-
ment and progress of evaluation methods, the 
non-invasive and non-radiation 3D data collec-
tion and analysis system has obvious advan-
tages [4]. The parameters of scoliosis can be 
detected in real time in different positions and 
during manual treatment [5]. Therefore, this 
study intends to explore the clinical effective-
ness of sEMG in scoliosis evaluation by combin-
ing it with the 3D spinal data acquisition and 
analysis system.
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Material and methods

General information

10 AIS patients in our hospital were selected, 
including 8 males and 2 females; 6 cases of 
major thoracic scoliosis, Cobb angle 17.33± 
10.58, 4 cases of lumbar scoliosis, and Cobb 
angle 18.00±5.60; age 18.00±5.60 years; 
height 155.90±20.07 cm; weight 48.00±12.86 
kg. Inclusion criteria: ① diagnosis of Scoliosis 
by the International Society for Scoliosis Re- 
search (Scoliosis Research Society, SRS), imag-
ing confirmed scoliosis with Cobb angles great-

er than 10°; ② did not receive any treatment; 
③ subjects and family gave informed consent 
for the study and signed an informed consent. 
Exclusion criteria: ① cognitive impairment 
unable to complete the examination and reha-
bilitation; ② mental illness; ③ vital organ dys-
function, standing position unable to maintain 
for 5 minutes; ④ acute episode of disease; ⑤ 
unwilling to join the investigator. The study was 
approved by the ethics committee of our hospi-
tal (ethical approval number: RKIRB2023-17).

Methods

sEMG information acquisition: Standard sub-
jects signed informed consent using the sEMG 
analysis system (Nanjing Wei Medical 
Technology Co., Ltd., model, ZY2018000005), 
selected scoliosis evaluation mode, patients 
took the standing position, placed the elec-
trode on the paravertebral muscle, and com-
plete the following actions: keeping standing 
for 20 seconds, forward extreme flexion for 5 
seconds, backward extreme flexion for 5 sec-
onds, and at the end of the test, respectively 
recorded patients resting in the standing posi-
tion and action position on both sides of the 
paravertebral muscle of the root mean square 
value (root mean square value, RMS).

3D detection method of data acquisition and 
analysis system: Using the 3D data acquisition 
and analysis system (Forethought 3D spine 
sensing system, model: FT07W) (Figure 1), the 
subject took a resting standing position with 
feet shoulder-width apart, hands naturally 
drooping, head up, and eyes ahead. The spi-
nous process is used as the anatomical refer-
ence marker of the back, and the positioning 
point is cervical 7 to waist 5. The detector takes 
the whole spine scan from top to bottom, and 
the number of Cobb angles can be read directly 
at the end of the measurement (Figure 2). The 
3D spine parameters obtained were correlated 
with the EOS parameters.

Analysis of observation indicators

① Compare the RMS of the paravertebral mus-
cles on both sides of the scoliosis in resting 
standing and motion positions; ② Calculates 
the RMS ratio of the paravertebral muscles and 
analyses the severity of scoliosis; ③ Correlation 
analysis was performed on RMS of both sides 
of the spine and Cobb angle measured by two 
methods.

Figure 1. 3D data acquisition and analysis system 
collector and subject detection.

Figure 2. Example of detection results for 3D data 
acquisition and analysis system.
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Statistical methods

The data were analysed by spss 26.0 software. 
The normally distributed measurement data 
were expressed as mean ± standard deviation 
(
_
x±s), the intra-group comparison used a pa- 

ired sample t-test. Pearson correlation analysis 
was used to study the correlation between 
RMS, RMS ratio, and two detection methods on 
both sides of the convex and concave.

Results

sEMG signals of paravertebral muscles on 
both sides of the convex and concave sides in 
two postures

The results of the RMS analysis of the paraver-
tebral muscles on both sides of the scoliosis 
(Table 1) showed that the RMS of the convex 
side of the two postures was larger than the 
concave side, and the difference was statisti-
cally significant (P<0.05). The RMS value of the 
bilateral action position was significantly higher 
than the rest position (P<0.05).

Correlation analysis between the ratio of EMG 
signals on both sides of different segments 
and the Cobb angle

Through a comparative analysis of patients 
with thoracolumbar scoliosis (Table 2), the 
RMS ratio of thoracic scoliosis and Cobb angle 
showed no correlation (P>0.05). The r value of 
lumbar scoliosis at rest position was 0.940, 
P<0.05, and the correlation was very strong; 

The correlation of action position is low and has 
no statistical significance.

Correlation analysis of EMG signals from both 
sides of the spine and Cobb angle measured 
by two detection methods

According to the comprehensive correlation 
analysis (Table 3), there is a significant positive 
correlation between the convex side RMS and 
the Cobb angle measured by the EOS system 
and the 3D data system at rest, with r values of 
0.632 and 0.806, respectively (P<0.05, of 
which P<0.01). There was no significant corre-
lation between the concave side of the rest 
position and the convex and concave sides of 
the action position and the two detection meth-
ods. The Cobb angle measured by the 3D data 
system and the EOS system has a significant 
correlation; the r value is 0.971, P<0.01.

Discussion

AIS occurs in teenagers aged 10 to 20 years 
old, with different symptoms with the increase 
in age and shows a gradual trend of aggrava-
tion. Some patients will have the cardiopulmo-
nary system [6]. The dysfunction of the visceral 
system, the most serious, is the scoliosis of the 
spinal cord compression, resulting in paraple-
gia and having a serious impact on daily life [7]. 
Studies have shown that the incidence of AIS in 
the United States is about 2-3%, while the inci-
dence in China has reached 1-2%, and in some 
southern areas, it has been as high as 5.14% 
[8, 9], Become a major harm to the physical 

Table 1. Comparison of RMS of paravertebral muscles on both sides of scoliosis indices
Project Convex side RMS/μV Concave side RMS/μV t P
Resting position 20.25±4.20 15.21±2.51 4.920 0.001
Active position 54.29±19.60 28.69±10.11 6.654 <0.001
t -5.603 -4.141
P <0.001 0.003

Table 2. Correlation analysis of RMS ratio and Cobb angle on both sides of the thoracolumbar segment

Project
Thoracic scoliosis Lumbar scoliosis

Resting  
position

Active  
position

Resting  
position

Active  
position

RMS ratio (convex/concave) 1.37±0.24 2.08±0.59 1.29±0.21 1.75±0.35
The Cobb angle was measured by the EOS system 17.33±10.58 18.00±5.60
r 0.179 0.004 0.940 -0.509
P 0.367 0.497 0.030 0.246
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Table 3. Correlation analysis between RMS and two detection methods on both sides of two body positions

Statistics Convex side of  
rest position

Concave side of  
rest position

Convex side of  
action position

Concave side of  
action position

The Cobb angle was  
measured by the EOS 

system

Cobb angle measured  
by 3D data system

Convex side of rest position r 1.000 0.588 0.539 -0.085 0.632 0.806
P 0.037 0.054 0.408 0.025 0.002

Concave side of rest position r 0.588 1.000 0.224 0.213 0.374 0.382
P 0.037 0.267 0.278 0.143 0.138

Convex side of action position r 0.539 0.224 1.000 0.529 0.190 0.273
P 0.054 0.267 0.058 0.299 0.223

Concave side of action position r -0.085 0.213 0.529 1.000 0.135 0.012
P 0.408 0.278 0.058 0.355 0.487

The Cobb angle was measured by the EOS system r 0.632 0.374 0.190 0.135 1.000 0.926
P 0.025 0.143 0.299 0.355 0.000

Cobb angle measured by 3D data system r 0.806 0.382 0.273 0.012 0.926 1.000
P 0.002 0.138 0.223 0.487 <0.001
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and mental health of teenagers [10]. The later-
al X-ray of the whole spine is the gold standard 
for the diagnosis of the disease. The EOS imag-
ing system is a commonly used clinical diag-
nostic method [11]. Like other evaluation meth-
ods, the traditional imaging examination is 
limited by radiation, complex operation, limited 
space for use, and the cost of human, material, 
and financial resources [12, 13]. On this basis, 
new evaluation methods are studied and 
applied. In this study, sEMG was combined with 
a new 3D data acquisition and analysis system 
to provide new ideas for clinical evaluation.

The sEMG is a non-invasive examination meth-
od to quantitatively detect the motor function 
status of muscle by collecting bioelectrical sig-
nals during muscle activity [14]. It has the sig-
nificant advantages of real-time, quantifiable 
and easy to operate. This study applied it to the 
evaluation of scoliosis and found that there 
were differences in sEMG signals of the para-
vertebral muscles on both sides of the convex 
and concave sides of the scoliosis spine. Due 
to spinal deformation, the muscles on both 
sides of the paravertebral body cannot main-
tain their normal shape [15], and are in a long-
term stretching state, resulting in asymmetry 
on both sides. The electrical signals of the mus-
cles on the convex side are greater than those 
on the concave side. At the same time, the RMS 
values on both sides of the patient during 
movement are much higher than those in the 
stationary state, which is the same as previous 
similar studies. Chen et al. [16] studied the con-
traction of muscles on both sides of the spine 
in 9 AIS patients after Schroth exercise therapy, 
and the results showed that the sEMG activity 
of the muscles after exercise was higher than 
that of the relaxed standing state before exer-
cise. In the study of AIS patients by He Chen et 
al. [17], it was found that there was a statisti-
cally significant difference in RMS between the 
convex and concave sides of the sEMG signal in 
the top vertebral area of the paravertebral 
muscles, with the convex side being greater 
than the concave side. The differences in RMS 
between resting and upper-limb weight-bearing 
standing in AIS patients were analyzed, indicat-
ing that the RMS difference further increased 
during weight-bearing. This indicates that sEMG 
is also applicable for functional evaluation in 
AIS patients.

This experiment divided all cases into thoracic 
and lumbar scolioses. After analysis and com-

parison, it was found that there was a signifi-
cant positive correlation between the RMS ratio 
and the Cobb angle of the lumbar scoliosis in 
the resting position. Considering the limitations 
of the sample size in this experiment, the lum-
bar spine is more flexible than the thoracic 
spine, resulting in a much greater range of 
motion in the lower back compared to the 
chest. At the same time, there is more activa-
tion of the lower back muscles during the move-
ment position, so there may be statistical sig-
nificance when supported by the number of 
cases. During the experimental process, the 
evaluation environment and instrument inter-
ference of sEMG may cause certain errors in 
the evaluation results.

Correlation analysis was conducted on the 
RMS, the EOS system measured the Cobb 
angle, and the 3D data system measured the 
Cobb angle of all cases on both sides of the 
convex and concave sides in two different body 
positions. It was found that the correlation 
between the 3D data system and the EOS sys-
tem measured Cobb angle was significant 
(P<0.01, mean difference: 1.86±1.42), indicat-
ing that this new 3D data system has higher 
accuracy in measuring Cobb angle. At the same 
time, it was found during the research process 
that the 3D data system takes less time and 
has higher applicability compared to the EOS 
system. The RMS value of the convex side dur-
ing resting position is positively correlated with 
the Cobb angle measured by the EOS system 
and 3D data system, with P<0.01 compared to 
the 3D data system. This result indicates that 
the sEMG signal of the convex paraspinal mus-
cle increases with the increase in Cobb angle in 
the patient’s resting standing position and is 
more correlated with the Cobb angle measured 
by the 3D data system. Guan et al. [18] includ-
ed 100 AIS patients and found that the paraspi-
nal muscle electromyography activity on the 
convex side was positively correlated with AIS 
severity. Consistent with the performance of 
pulling the muscles throughout the body, the 
larger the angle of lateral bending, the greater 
the force on the paraspinal muscles, and the 
greater the electromyographic signal value dis-
played, showing a positive correlation between 
the two. The effectiveness and accuracy of the 
3D data system detection were confirmed in 
this experiment, and the results were consis-
tent with those obtained from sEMG detection. 
Asymmetric RMS on both sides also assisted in 
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the diagnosis of scoliosis. Among them, the 
sEMG signal on the convex side of the resting 
position obtained in this experiment had a high-
er correlation with the results measured by the 
3D data system, and the equipment used in 
both examinations was fast and convenient, 
with minimal impact on patients during evalua-
tion, achieving high satisfaction. The require-
ment for venue and spatial environment is rela-
tively small, making it more clinically practical. 
The combined application of the two can evalu-
ate patients in different states, especially in 
evaluating the immediate efficacy of manual 
rehabilitation treatment, providing new ideas 
for the evaluation of scoliosis.

This study demonstrated the clinical effective-
ness of the combined application of sEMG sig-
nal detection of the paravertebral muscles on 
both sides of the convex and concave sides in 
AIS patients and evaluated it in conjunction 
with a new spinal 3D data acquisition and anal-
ysis system, with significant significance in 
diagnosing scoliosis. Both types of examina-
tions are non-invasive and radiation free, and 
their combined use has high clinical effective-
ness and accuracy. During the research pro-
cess, it was found that two evaluation methods 
can achieve real-time detection during rehabili-
tation treatment processes, such as manipula-
tion, which can quickly evaluate the effective-
ness of rehabilitation. Compared to traditional 
imaging examinations, they have a positive 
effect on the rapid screening of rehabilitation 
methods. Its advantages are beneficial for both 
patients and healthcare workers, and it is 
expected to provide new directions for research-
ers in scoliosis related research, promoting the 
updating and optimization of new evaluation 
methods.
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