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Objective. To assess the condition and functional parameters of m. erector spinae in patients who underwent dynamic anterior and rigid 

posterior fixation for thoracic scoliosis, using ultrasound diagnostics (US) and a proprietary methodology.

Material and Methods. The comparative study involved 95 patients aged 15–55 years with idiopathic right-sided thoracic scoliosis (Cobb 

angle 35–60°): 33 of them after dynamic fixation, 32 after rigid fixation, and 30 patients awaiting surgery (control group). The follow-up 

period exceeded 12 months. Ultrasound examination included measuring of the fiber pennation angle, muscle thickness, contractility in-

dex, and relative asymmetry at the apex of the scoliotic curve. Measurements were performed in two patient positions: at rest and during 

maximum extension (30°, controlled by a goniometer).

Results. Statistically significant differences (p ≤ 0.05) between the groups were found. At rest, the pennation angle after dynamic fixation 

(20.06° ± 0.15°) was 26.5% higher than after rigid fixation (15.85° ± 0.62°), but lower than control values (23.57° ± 0.93°). The thickness 

of m. erector spinae with dynamic fixation (1.23 cm ± 0.01 cm) was close to the control (1.35 cm ± 0.02 cm), whereas with rigid fixation  

a pronounced decrease in thickness was observed (0.89 cm ± 0.01 cm). During extension (30°), the pennation angle in patients operated 

on with the dynamic system sharply increased to 39.5° (close to the control value of 40.5°), which was 2.4 times higher than the indicator 

(16.2°) in the group with rigid fixation. The thickness of m. erector spinae (2.15 cm ± 0.05 cm) under load after dynamic fixation corre-

sponded to the control (2.20 cm ± 0.03 cm), while rigid fixation showed thinning (1.21 cm ± 0.14 cm). The mean contractility index after 

dynamic fixation was significantly lower (p < 0.05) than that (84.65% ± 0.35%) after rigid fixation and close to the control value (53.9%), 

indicating preservation of muscle contractility. Relative asymmetry was minimal in the dynamic fixation group (1.6%) compared to that 

in the rigid fixation (2.24%) and control (2.96%) groups.

Conclusion. The ultrasound technique used in the study demonstrated high efficiency in assessing the condition of the paraspinal mus-

cles. Anterior dynamic fixation for thoracic scoliosis provided the preservation of m. erector spinae functional activity, the maintenance 

of natural contraction and improved muscle symmetry, whereas posterior rigid fixation was accompanied by structural changes, including 

reduced elasticity and degeneration of muscle fibers.
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Scoliosis is a three-dimensional deformity 
of the spine affecting its entire structure 
and influencing the biomechanics of the 
surrounding muscles [1].

As scoliosis progresses, changes occur 
in the tone and distribution of load on 
the back muscles, which can result in 
pain and dysfunction. As the deformity 
progresses, m. erector spinae undergo 
restructuring, the dynamic coefficients 
of which are one of the key predictors of 
scoliosis deformity and spinal stability [2, 
3]. According to research, the condition 
and function of the paraspinal muscles 
have a direct impact on sagittal balance 
[4], therefore the role of the muscular 

factor is of great interest and is actively 
discussed [5].

Nowadays, the gold standard for 
surgical treatment of idiopathic tho-
racic scoliosis is deformity correction 
using rigid spinal instrumentation 
through a posterior approach [6, 7]. 
Recently, however, an anterior dynam-
ic system has been used to correct sco-
liosis, the main advantage of which 
is the preservation of mobility in the 
fixation area with satisfactory defor-
mity correction [8]. Furthermore, an 
anterolateral approach to the spine is 
performed; therefore, preservation of 
paravertebral muscles results in earlier 

recovery of patients compared to rigid 
fixation [9, 10].

There are few studies examining mus-
cle characteristics in patients with scolio-
sis after surgical treatment using various 
assessment techniques [11–13].

For example, electromyography in 
a number of studies shows a decreased 
muscle tone in patients with scoli-
otic deformity after rigid fixation; the 
decreased muscle tone is associated 
with atrophy at the level of the operated 
segments [11, 14] that can be defined 
by direct visual ultrasound monitoring, 
which allows the size, structure, and loca-
tion of muscle bundles to be evaluated 
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for the study of the back muscles [15] 
without invasive techniques [16, 17]. We 
did not find any publications on the use 
of ultrasound and the characteristics of 
the postoperative pennation angle using 
dynamic fixation. The current article stu-
dies the influence of two types of systems 
(dynamic and rigid) on the deep muscles 
of the back, in particular m. erector spi-
nae, using ultrasound diagnostics and a 
proprietary methodology.

The objective is to assess the con-
dition and functional parameters of  
m. erector spinae in patients who under-
went dynamic anterior and rigid poste-
rior fixation for thoracic scoliosis, using 
ultrasound diagnostics.

Material and Methods

This study was performed as a compar-
ative cohort analysis with a retrospec-
tive-prospective design. Patients aged 15 
to 55 who underwent surgery for thorac-
ic scoliosis using anterior dynamic and 
posterior rigid systems between 2018 
and 2023 were included.

Inclusion criteria: idiopathic thoracic 
scoliosis, Cobb angle between 35° and 60° 
prior to surgery, completed growth, sur-
gical treatment, selective fixation of the 
thoracic spine, and follow-up period of 
more than 12 months. Exclusion criteria: 
neurological conditions, previous spinal 
surgery, systemic pathologies.

According to the surgical fixation 
technique, patients were divided into 
three groups (Table 1). The first group 
consisted of 33 patients who underwent 
surgery using an anterior dynamic cor-
rection system (Fig. 1); the second group 
consisted of 32 patients who under-
went surgery using rigid transpedicular 
fixation through a posterior approach 
(Fig. 2); and the third (control) group 
consisted of 30 patients before surgery.

All patients underwent ultrasound 
examination of the paravertebral mus-
cles on a Canon Aplio700 performed by 
a single researcher with over 15 years of 
experience. 

Ultrasound examination technique. 
Patient preparation involved positioning 
the patient comfortably in a prone posi-
tion to relax the back muscles, which is 

important for obtaining a high-quality 
and informative image of m. erector spi-
nae, the most powerful and longest back 
muscle selected for quantitative assess-
ment [2]. The study was performed in 
two positions: a relaxed prone position 
to evaluate the baseline condition of  
m. erector spinae and maximum exten-
sion to analyze muscle function under 
load. For unification of the measurement 
of the lumbar extension angle, a goni-
ometer was used with a target range of 
25–35°, which corresponds to physio-
logical capabilities and avoids compen-
satory movements [18]. The goniometer 
was positioned between the iliac crest 
(stationary arm) and the midaxillary 
line (movable arm) to monitor trunk tilt 
(Fig. 3).

Imaging methods. A linear ultrason-
ic probe with a frequency of 7.5–10.0 
MHz was used for diagnosis. The sono-
graph was placed at an angle of 30–45° 
and shifted laterally 2 cm from the spi-
nous processes in the area of the apex 
of the scoliotic curve, which provided 
clear imaging of m. erector spinae. Two 
images were captured in the apex of the 
deformity for each functional position, 
which allowed for a comparative analysis 
of muscle condition.

The pennation angle (ϑ) of muscle 
fibers was defined as the angle formed 
by the line between the direction of the 
muscle fibers and the line of the apo-
neurosis [19]. The contractility index was 
calculated as the ratio of thickness under 
load to thickness at rest, multiplied by 
100. Asymmetry was calculated using the 
formula: | (left side − right side) | / mean 
value × 100.

Muscle thickness in ultrasound exami-
nation is defined as the distance between 
the superficial and deep fasciae of the 
muscle, as measured perpendicular to its 
length [15, 20] (Fig. 4).

The thickness ϑ of m. erector spinae 
fibers was measured at rest (passive state) 
and at maximum extension (active state). 
Ultrasound images of the structure of the 
muscles under study were obtained in 
each position (Fig. 5).

Statistical analysis. Ultrasound imag-
es were saved on the hard drive of the 
ultrasound system, and the results were 

analyzed using Statistica 6.1.2 software. 
During data analysis, the mean value and 
standard deviation (M ± SD) were cal-
culated. The Mann–Whitney U test and 
Kruskal–Wallis test were used to com-
pare the groups. Differences were con-
sidered statistically significant at p < 0.05.

Results

The study showed statistically signifi-
cant differences (p < 0.05) in the func-
tional parameters of m. erector spinae 
between groups after surgical correction 
of thoracic scoliosis. At rest, ϑ in the 
dynamic fixation group (20.06° ± 0.15°; 
L:19.91°/R:20.21°) exceeded the values by 
26.5% in the rigid group (15.85° ± 0.62°; 
L:15.25°/R:6.48°), although it remained 
below the control values (23.57° ± 0.93°;  
L:2.64°/R:24.5°), as shown in Fig. 6. 
Similarly, muscle thickness at rest using 
the dynamic technique (1.23 ± 0.01 cm; 
L:1.24/R:1.22) was similar to that of 
the control group (1.35 ± 0.02 cm), 
in contrast to a pronounced decrease 
with rigid fixation (0.89 ± 0.01  cm; 
L:0.90/R:0.88), as shown in Fig. 7. During 
functional load (30° extension), the 
dynamic system provided a sharp increase 
to 39.5° (L:38°/R:41°), which was 2.4 times 
higher than in the rigid group (16.2°; 
L:16.2°/R:16.25°) and corresponded to 
the physiological norm (control: 40.5°; 
L:39°/R:42°), as shown in Fig. 8. The 
thickness of m. erector spinae under load 
in the dynamic group (2.15 ± 0.05 cm; L: 
2.10/R: 2.20) did not differ significantly 
from the control (2.20 ± 0.03 cm), whereas 
rigid fixation showed critical muscle 
thinning (1.21 ± 0.14 cm; L: 1.35/R: 1.08), 
as shown in Fig. 9. The contractility index 
confirmed the retention of reduction with 
the dynamic technique (60.59 ± 0.14; 
L:60.73%/R:60.45 %) compared to its sharp 
decrease with rigid fixation (84.65 ± 0.35; 
L:85.0%/R:84.3%) and proximity to control 
values (53.9%), as shown in Fig. 10. The 
minimal relative asymmetry in the dynamic 
group (1.6% versus 2.24% in the rigid group 
and 2.96% in the control group) suggests a 
restoration of symmetry. All quantitative 
data, including angle increase under load 
(+19.44° with dynamic fixation vs. +0.4° 
with rigid fixation), are presented in Table 2, 
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which also shows intergroup differences in 
thickness, contractility index, and standard 
deviations, confirming the advantage of 
the dynamic system in retaining the 
functionality of the paravertebral muscles.

Discussion

Nicolaus Steno was the first to describe 
ϑ (the angle between muscle fibers and 
aponeurosis) in the context of mus-
cle physiology. In his treatise “Elemen-

torum Mythologiae Specimen” (1667), 
he used geometric models of muscles 
and described the change in angles 
between fibers during contraction, stat-
ing “dum contrahitur musculus, anguli 
eius acuti fiunt ampliores” that means 

“during contraction, the muscle’s angles 
increase.” It was Steno who first focused 
on the connection between the archi-
tecture of muscle fibers and their func-
tion [21]. Later, in the 19th century, Ernst 
H. Weber (1846) formalized the math-
ematical correlation between muscle 
size and strength, and Haxton (1944) 
developed a method for calculating 
physiological cross-sectional area (PCSA) 
considering this angle, which he asso-
ciated with the mechanical properties 
of muscles [22]. In recent studies using 
in vivo ultrasonography in six subjects, 
it was found that the ϑ of the triceps 
surae muscle increases during the tran-
sition from dorsiflexion (−15°) to plan-
tar flexion (+30°): by 6–12° (39–67%)  
at rest and by 9–16° (29–43%) during 
maximum isometric contraction [23]. In 
a study by Franchi et al. [24], 10 weeks of 
concentric (CON) and eccentric (ECC) 
training caused different changes in ϑ in 
the muscles: CON increased it by 30 % 
due to fiber shortening and the addi-
tion of sarcomeres in parallel, while ECC 
resulted in a slight increase in PA (+5%) 
with a 12% fiber lengthening, associated 
with mechanical stimulus and activation 
of the mitogen-activated protein kinase 
system, confirming the role of the pen-
nation angle in representing muscle char-
acteristics under load. Sinha et al. [25] 
show that diffusion tensor imaging (DTI) 
can be used in vivo to track the orienta-
tion of muscle fibers in human gastroc-
nemius muscles. Using the EPI sequence 

Table  1

Demographic and clinical characteristics of patients in the study groups

Group Age, years  

(mean ± standard deviation)

Gender  

(M/F), n

Fixation levels 

(more common)

Follow-up period, months 

(mean ± standard deviation)

1 (n = 33) 19.8 ± 4.7 10/23 T5–T12 (n = 22);  T6–L1 (n = 11) 14.2 ± 3.5

2 (n = 32) 20.1 ± 5.0 12/20      T3–L1 (n = 18); T5–T12 (n = 14) 16.8 ± 4.2

Control (n = 30) 21.5 ± 5.2 8/22 – –

Fig. 1
Radiographs before (a, c) and after (b, d) surgical treatment using an anterior dynamic 
system with fixation at the T6–L1 level

Fig. 2
Radiographs before (a, c) and after (b, d) surgical treatment using an posterior rigid 
system with fixation at the T3–L1 level

а

а

b

b

c

c

d

d
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on MRI, the angles of fiber orientation 
relative to the magnet axis (SI axis) were 
recorded in five patients, reflecting mus-
cle architecture. The angles ranged from 
13.4° (lateral head of the gastrocnemius 
muscle) to 48.5° (medial head of the sole-
us muscle), which is consistent with the 
data obtained from spectroscopy and 
ultrasound studies. The role of paraver-
tebral muscles in the pathogenesis of 
idiopathic scoliosis, and their connec-
tion with pain syndrome and functional 
limitations associated with muscle and 
fascia imbalance is being actively studied 
[26–29]. During ultrasound imaging, Pan 
et al. [16] observed the decrease in elas-
ticity and asymmetry of the paravertebral 
muscles after surgery in patients with 
different types of scoliosis. Analyzing the 
electromyographic activity of the para-
spinal muscles in 19 patients with idio-
pathic scoliosis before and after selective 
stabilization of the thoracic spine, which 
was recorded bilaterally on the thoracic 
and lumbar paraspinal muscles in various 
positions, Lu et al. [14] noted a decrease 
in asymmetry and activity, which is prob-
ably associated with atrophy. Kim et al. 
[30] analyzed CT data over 9.9 years in 
a long-term study involving 42 patients 
with scoliosis who underwent posterior 

Fig. 3
Methodology of ultrasound examination of the structure of the spinal extensors in a relaxed (a) and tense (b) position using a goniometer

Fig. 4
Sonogram of m. erector spinae: a – relaxed position; b – maximum extension

Fig.   5
Fiber pennation angle of m. erector spinae at rest (a – passive state) and at maximum 
extension (b – active state)  
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spinal fusion. It was revealed that the 
cross-sectional area of most paraverte-
bral muscles significantly decreased dur-
ing the follow-up period. The only excep-
tion was the lumbar muscle, which, on 
the contrary, showed a tendency toward 
symmetrical development. These differ-
ences are associated with the surgical 
technique: the posterior approach results 
in injury to the spinal extensors and mul-
tifidus muscles, while the deeply placed 
lumbar muscle is almost unaffected. Fur-
thermore, it adopts a compensatory load 
over time, ensuring the vertical position 
of the body, which explains its pro-
nounced growth [31]. In this study, we 
used parasagittal ultrasound to evaluate 
the effect of rigid and dynamic fixation 
on the morphofunctional parameters of 
m. erector spinae: ϑ (indicator of func-
tional activity), contractility index, and 
muscle thickness (marker of hyper-/atro-
phy) [12, 32]. The given approach pro-
vided an opportunity to study in detail 
the effect of correction techniques on 
the key muscle responsible for vertical 
stability, which is crucial for optimizing 
the treatment of idiopathic scoliosis.

Conclusion

The applied ultrasound technique dem-
onstrated high efficiency in the assess-
ment of the paravertebral muscle 
condition, providing an objective 
comparison of the results of rigid 
posterior and dynamic anterior fixation 
in the correction of thoracic scoliosis. 
Anterior dynamic fixation of thoracic 
scoliosis is advisable for preserving the 
functional activity of m. erector spinae, 
maintaining natural biomechanics, and 
improving muscle symmetry, whereas 
posterior rigid fixation is followed by 
structural changes, including decreased 
elasticity and degeneration of muscle 
fibers.
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that they have no conflict of interest.

The study was approved by the local ethics 

committee of the institution.
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Pennation angle at rest in the study groups: L – left side; R – right side

Fig. 7
Thickness of m. erector spinae at rest in the study groups: L – left side; R – right side

Fig. 8
Pennation angle at tension position in the study groups: L – left side; R – right side 
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Table 2

Comparison of ultrasound parameters of m. erector spinae in patient groups

Parameter Dynamic fixation (n = 33) Rigid fixation (n = 32) Control group (n = 30) p value*

Pennation angle, degrees 20.06 (19.91L*/20.20R*)  15.85  (15.25L/16.48R) 23.57 (22.64L/24.5R) 0.009

Pennation angle at extension of 

30°, degrees

 39.5 (38L/41R)  16.2 (16.2L/16.25R)  40.5 (39L/42R) 0.001

Increase in pennation angle at 

extension of 30°, degrees

+19.44 +0.40 +19.50  0.001

Thickness at rest, cm 1.23° 0.89 1.35 0.05

Thickness under load, cm 2.15 1.21 2.20  0.001

Contractility Index (left side) 60.73 85.00 55.17  0.001

Contractility Index (right side) 60.45 84.30 52.63 0.001

Mean contractility index, % 60.59 84.65 53.90 0.001

Relative asymmetry, % 1.60 2.24 2.96  0.001

 * Statistical significance indicator according to the Kruskal–Wallis test; L – left side; R – right side.
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