BoccTtaHoBuTenbHas U CNOPTUBHaA MeauUMHa
Rehabilitation and sport medicine

Original article
DOI: 10.14529/hsm25s224

THE EFFICACY OF MECHANOTHERAPY FOR MUSCLE PAIN SYNDROME

G. Solar', solar@akupunktura.sk, http://orcid.org/ 0000-0002-8729-1183

Yu. I. Koryukalov?, yurycorden@yandex.ru, http://orcid.org/ 0000-0002-4897-2613
V.V. EpisheV?, epishevw@susu.ru, http://orcid.org/ 0000-0002-7284-7388

M.S. Lapshin?, lapshin1982@yandex.ru, http://orcid.org/ 0000-0001-8290-1774

" The First Clinic of Acupuncture and Natural Medicine Ldt., Bratislava, Slovak Republic
2 South Ural State University, Chelyabinsk, Russia

Abstract. Aim. This study investigates the efficacy of mechanotherapy using Cordus&Sacrus devices
for inducing paravertebral muscle relaxation. Materials and methods. The study involved thirty patients
(age range 2545 years) with various muscle pain syndromes. The intervention consisted of gravity therapy.
Objective outcomes were assessed using the MyotonPro device to measure asymmetry in the paraspinal
muscles. Postural balance was also evaluated. Results. Post-intervention, a significant reduction in muscle
tone asymmetry was observed. The asymmetry between the right (15.69 £ 0.17 Hz) and left (15.71 = 0.14 Hz)
medial trapezius muscles was notably decreased. A similar decrease in asymmetry was found in the lateral
gastrocnemius muscle. The normalization of postural balance in these muscle groups coincided with a sig-
nificant reduction in pain scores, with the mean VAS scores decreasing from 7.8 + 0.7 to 3.2 £ 0.5. In a sub-
group of 10 participants with elevated baseline tone, specific relaxation of the spinal erectors was observed.
Within the same subgroup, initially elevated stiffness and tone significantly decreased (p > 0.05) bilaterally
post-intervention. Conclusion. A single session of gravity therapy was effective in eliminating pain, redu-
cing asymmetry in paravertebral and lower limb muscle tone, and alleviating hypertonicity of the spinal
extensors. These changes were associated with improved statodynamic characteristics in patients.
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2 OxHO-Yparnbckuli 20cydapcmeeHHnbIl yHugepcumem, Yens6uHck, Poccust

Annomayun. enb: wn3yunts >PQPEKTHBHOCTP MEXaHOTEPANMM C HCIOJIB30BAaHUEM alllapaToB
Cordus&Sacrus i nmapaBepreOpanbHOi penakcarn. MaTepuajbl 1 MeTOABL. B ncciienoBanny npuHsiia
ydacTHe Ipymia U3 TPUALATH NalUeHTOB B Bo3pacTe OT 25 1o 45 JeT ¢ pa3in4HbIMUA OOJICBBIMU CHHAPO-
MaMH OIIOPHO-IBHTATENBHOTO ammnapara. Bo3neiicTBue Ha mapaBepTeOpalbHbIe MBIIIIBI OCYLIECTBISIOCh
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MCTOOOM FpaBHTaHHOHHOﬁ TCpalunu. ACI/IMMeTpI/IIO napacrHaJIbHBIX MbIIIL OLCHWUBAJINW C MOMOIIBIO aIl-
napara MyotonPro, a Takxe onpenessuii MOCTypaibHbii Oananc. PesyabTaTsel. [locie rpaBUTaI[HOHHOM
Tepanuy HaOJI0AaJI0Ch 3aMETHOE CHI)KEHHWE aCMMMETPHH TOHYCa TpPAaIlClMEeBHIHBIX MBI, a TaKXe
CHIDKEHHE acCUMMETpUH Mexxay npasoit (15,69 + 0,17 ') u nesoit (15,71 + 0,14 I'n) MenuanbHbIMU Tparie-
IIMEeBUIHBIMHU MbIIIamMu. Kpome Toro, rpaBuTaninoHHas Tepanusi IpHBeia K CHIKEHUIO aCUMMETPHH TOHY-
ca JlaTeparbHOW WKPOHOXKHON MBIIIEL. HopMmanu3aust mocTypainbHOTo OanaHca B TPAICIIUEBUIHON, METU-
IPHOH U JIaTepabHON MKPOHOXKHOM MBIIIIAX ¢ TEYCHHEM BPEMEHH COIIPOBOXKJaIach CHIXKEHHEM OKa3a-
Teneit 6oneBoro cuHmpoma (cpemanii mokazatens BALL camsmwics ¢ 7,8 + 0,7 mo 3,2 + 0,5). V 10 yenosek u3
o01mmelt BBIOOPKH TOCIIE TPOLEAYPbl HAOII0AAINCh MHANBHYaIbHbIE U3MEHEHNUS, CBSI3aHHBIE C pellaKca-
el MBIII-pa3rudaTeneii MO3BOHOYHMKA, B CIIydasX, KOT/la MCXOMHBIM TOHyC OblT moBbimeH. Kpome
TOrO, B 3TOH *ke rpynne u3 10 uyesoBek CKOBAHHOCTh U TOHYC MTO3BOHOYHHKA, KOTOPBIE OBUIN MOBBIMICHBI
B Haydaje uccienoBaHus, noctoBepHO (p > 0,05) cHM3WIMCL ¢ 00eMX CTOPOH IOCiE TIEPBOr0 CeaHca.
3akarouenue. [Tocne oqHOKpAaTHOTO ceaHCca IPaBUTAIIMOHHON Tepanuu y MalMeHTOB OTMEYaJoCh yCTpaHe-
HHE 00JIEBOTO CUHIPOMA, YMEHBIIEHHE aCHMMETPHUU TOHYCA MapaBepTeOpabHBIX MBILIL U MBIIIL HIYKHUX
KOHEYHOCTEH, CHHIKEHUE T'MIIepTOHyca pasrubaresell mo3BoHouHUKA. CTaTOAMHAMHYECKUE XapaKTepH-
CTHKH MAllMEHTOB YJIYYIIHINCH 110CIe KOPPEKIIHH.

Kniouegvle cnosa: TpaBUTALMOHHAs Teparnus, MBIIICYHbIH O0NEBOW CHHIAPOM, IapaBepTeOpaibHbIC

MBIIIIIBI, TOHYC

Jna yumupoeanusa: The efficacy of mechanotherapy for muscle pain syndrome / G. Solar, Yu.l. Ko-
ryukalov, V.V. Epishev, M.S. Lapshin // Yenosek. Criopt. Meaumuua. 2025. T. 25, Ne S2. C. 189-197. DOI:

10.14529/ hsm25s224

Introduction. Muscle pain syndrome (MPS)
is a prevalent clinical manifestation of muscu-
loskeletal diseases and injuries, notable for caus-
ing significant temporary and permanent disabili-
ty. Affecting 40-60 % of the global population,
MPS represents a critical and relevant area of
research [5]. Among patients seeking medical
treatment for pain, the reported prevalence of
MPS ranges from 30 to 93 % [4, 23]. Despite its
high frequency, the pathophysiology of MPS re-
mains largely unexplored. This condition encom-
passes a broad spectrum of symptoms, from ge-
neralized pain to painful trigger points that are
often associated with fatigue and depression [10].
Simon defined MPS as “a complex of sensory,
motor, and vegetative symptoms caused by myo-
fascial trigger points.” A substantial role in the
pathogenesis of MPS is attributed to develop-
mental anomalies, biomechanical and functional
factors, and vascular components [8, 11].

A specific form of MPS, local myogenic
pain syndrome, affects approximately 24 % of
the population annually and occurs primarily in
the paraspinal muscles. It is believed to result
from repetitive low-level muscle contractions,
maximal or submaximal concentric contractions,
and prolonged strain on specific muscle groups,
such as in postural overuse [6, 24].

Myofascial trigger zones (TZ) are found in 30
to 90 % of patients visiting general practitioners
[7]. Trigger points generate pain foci that are of-
ten described as dull, aching, or burning. Their

formation involves alterations in the peripheral
nervous system, including functional distur-
bances and degeneration of axonal neurofila-
ments and microtubules [20]. Such alterations
can be caused by multilevel nerve compression
or reflex mechanisms originating from a peri-
pheral focus. The pain patterns in MPS indicate
a neuropathic component, with its uniqueness
stemming from a combination of cutaneous-nerve
and neuropathic features. Furthermore, the sub-
jective character of the symptoms is significant-
ly influenced by the patient's individual percep-
tion [3].

Epidemiological data from Russia indicate
that chronic back pain affects 45.4-60.7 % of
patients, primarily impacting socially active indi-
viduals aged 30-50 years [14]. Functional reha-
bilitation for patients exposed to high physical
loads or hypodynamia may include various ma-
nual and mechanical methods, such as modern
physiotherapy and gravity therapy [14, 24]. Gra-
vity therapy utilizing Cordus&Sacrus devices has
shown promise as a safe and effective approach
for paraspinal relaxation in the comprehensive
treatment of pain syndromes and osteochondrosis
[23]. It has been found that spinal extension and
load relief can facilitate the reabsorption of fluid
into intervertebral discs, thereby contributing to
the restoration of their normal structure [2, 12,
16, 17, 22].

Aim: therefore, the aim of this study was to
investigate the efficacy of gravity therapy using
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Cordus&Sacrus devices for achieving paraspinal
relaxation.

Materials and methods. The gravity the-
rapy intervention was conducted at the Research
Center for Sports Science and the Laboratory of
Psychophysiology at South Ural State University
(Chelyabinsk, Russia). The experimental protocol
was approved by the University’s Ethics Com-
mittee in accordance with the Declaration of Hel-
sinki. All participants were informed of the study’s
potential risks and benefits and retained the right
to withdraw at any time. Individual written in-
formed consent was obtained from each subject
prior to their participation. The study involved
thirty patients, aged 25 to 45 years, presenting
with various muscle pain syndromes. Prior to the
study, physiotherapists were trained in the cha-
racteristics, application, and proper handling of
the devices. Each participant underwent a single
procedure, which included spinal unloading using
the Cordus&Sacrus devices, complemented by
special exercises for spinal mobilization.

The gravity therapy method employing the
Cordus&Sacrus devices is based on a safe, phy-
siological approach designed to relax muscles
and ligaments. The Cordus device targets relaxa-
tion of the paravertebral muscles, while the Sa-
crus device focuses on the muscles of the skull,
pelvis, and diaphragm. This gentle stretching
technique aims to facilitate the recovery of spinal
function. This device-assisted method is certified
for medical use in the European Union (TSU
Piestany, No. 231299081).

The innovative design of the Cordus device
allows for targeted 'immersion' into the paraver-
tebral muscle zone to induce relaxation. It was
primarily applied for mechanotherapy in patients
with osteochondrosis and protrusions.

The Sacrus device, conversely, is engineered
to relax muscles across various spinal segments.
Its exterior is anatomically contoured for the tho-
racic region, making it particularly effective for
relaxing the pectoral muscles and managing
sciatic pain.

Following an initial conversation and the
provision of informed consent, the spinal correc-
tion procedure was initiated. Participants re-
ceived comprehensive information about the de-
vice-assisted technique and all relevant contrain-
dications.

Quantitative pain assessment was performed
using a visual analogue scale (VAS).

Mechanical Properties of Muscles. The me-
chanical properties of muscles were assessed

using the MyotonPro device (MyotonPRO AS,
Estonia). Measurements of stiffness, tone, and
elasticity were taken on the trapezius (TMd),
erector spinae (Es), and gastrocnemius (Gn) mus-
cles [1, 4].

Postural balance assessment. Postural ba-
lance was evaluated using a two-legged European
stance (heels together, toes apart). The protocol
consisted of two 30-second tests, one with eyes
open and one with eyes closed, while maintaining
a straight head position. Data were acquired
using the MBN Stabilo (Russia) force platform,
in accordance with established clinical stabilo-
metry recommendations [19]. The technical spe-
cifications of the platform are as follows:

— platform dimensions — 500x400x100 mm,

— load range — 20 to 150 kg,

— coordinate measurement accuracy — 1 mm,

— coordinate discretization — 1 mm,

— sensor sampling rate — 100 Hz.

Participants stood barefoot on the platform in
a comfortable position with their feet hip-width
apart. After a l-minute acclimatization period,
data recording commenced following a 10-second
delay to eliminate transition effects. A single 60-
second recording was used to analyze two para-
meters:

—FP ML COP (mm) — the mean location of
the COP in the frontal plane;

—SP ML COP (mm) — the mean location
of the COP in the sagittal plane.

Satistical Analysis. The Kolmogorov-Smir-
nov test confirmed a normal distribution for all
variables (p > 0.05). Data are presented as the
arithmetic mean (M) and its standard error (m).
Statistically significant differences were deter-
mined using the Mann — Whitney U test for two-
group comparisons. All statistical analyses were
performed with the Statistica 8.0 for Windows
software package.

Results. Prior to gravity therapy, a signifi-
cant asymmetry was observed in the trapezius
muscle tone of the overall patient cohort. The os-
cillation frequency, a key indicator of resting
muscle tone, was significantly elevated on the
right side (18.08 £ 0.52 Hz) compared to the left
(16.85 + 1.42 Hz).

This asymmetry was also evident in other
mechanical properties. The stiffness of the right
trapezius (408.68 £ 73.69 N/m) was significantly
greater than that of the left (325.90 £ 26.43 N/m).
Similarly, the elasticity (logarithmic decrement)
was higher on the right side (1.57 + 0.15 arb)
compared to the left (1.35+£0.17).
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Fig. 1. Post-therapy oscillation frequency of the trapezius muscles.
* indicates a statistically significant difference between sides, p < 0.05
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Fig. 2. Post-therapy dynamic stiffness of the trapezius muscles.
* indicates a statistically significant difference between sides, p < 0.05

Following gravity therapy, a substantial re-
duction in this trapezius muscle asymmetry was
observed (Figs. 1, 2).

In the overall patient cohort, no significant
differences were observed in the relaxation time
or elasticity of the muscles following mechanical
stress, either before or after therapy.

Prior to therapy, significant asymmetry was
found in the erector spinae muscle. The relaxa-
tion time, being the time required for tissue re-
covery after displacement, was significantly
longer on the right side (19.99 £ 4.43 ms) than on
the left (18.77 + 3.19 ms). Similarly, elasticity,
which reflects the relationship between relaxation
time and deformation, was also significantly
higher on the right side (1.15 + 0.23 arb) com-
pared to the left (1.06 £ 0.014 arb). Following
therapy, the relaxation time showed a slight in-
crease bilaterally (right: 20.96 + 2.90 ms; left:
20.04 £ 2.42 ms). A concurrent trend towards
increased elasticity was also observed on both

sides (right: 1.17 + 0.13 arb; left: 1.12 = 0.11 arb).
The remaining parameters in the overall cohort
exhibited no significant changes.

Analysis of the medial gastrocnemius muscle
also revealed baseline asymmetry. Prior to thera-
py, muscle tone was significantly elevated in the
left leg (15.83 + 1.02 Hz) compared to the right
(14.15 £+ 2.13 Hz). The relaxation time was sig-
nificantly shorter in the left leg (20.27 &+ 0.62 ms)
than in the right (21.03 £+ 1.96 ms).

After therapy, a reduction in this inter-leg
asymmetry was observed (right: 15.69 £ 0.17 Hz;
left: 15.71 +£0.14 Hz) (Fig. 3).

The study identified a significant baseline
asymmetry in the dynamic stiffness of the lateral
gastrocnemius muscles. At baseline, dynamic
stiffness, being a measure of a tissue’s resis-
tance to deformation, was higher in the left
leg (298.30 + 49.16 N/m) than in the right leg
(264.77 £ 48.66 N/m). No other measured para-
meters showed significant differences at this stage.
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Fig. 3. Post-therapy oscillation frequency of the medial gastrocnemius muscles.
* indicates a statistically significant difference between legs, p < 0.05 U
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* indicates a statistically significant difference between legs, p < 0.05 U

Following therapy, the asymmetry in the la-
teral gastrocnemius was resolved. The dynamic
stiffness values between the right and left legs
showed a clear convergence (Fig. 4).

The remaining indicators for the gastrocne-
mius muscle showed no significant alterations.
The normalization of postural balance in the tra-
pezius, medial gastrocnemius, and lateral gastroc-
nemius muscles coincided with an alleviation of
pain syndrome, as evidenced by a reduction in
the mean VAS score from 7.8 + 0.7 to 3.2 = 0.5.
In addition to relaxation, participants reported
a sensation of warmth flowing along their legs,
a phenomenon presumably related to exercise-
induced hemodynamic effects and subsequent
peripheral vasodilation.

In a subgroup of 10 participants with elevated
baseline tone, specific relaxation of the spinal
erectors was observed. Within the same sub-

group, initially elevated stiffness and tone sig-
nificantly decreased (p > 0.05) bilaterally post-
intervention.

The results of the postural balance assess-
ment before and after the treatment course are
presented in Table 1.

Analysis of the COP data prior to gravity
therapy revealed postural displacements in both
the frontal and sagittal planes (Table 1). In pa-
tients with MPS during the open-eyed trial, the
COP was displaced an average of 25.15 mm to
the right (FP ML COP) and 7.03 mm posteriorly
(SP ML COP). A similar pattern was observed in
the closed-eyed trial, with a rightward displace-
ment of 28.92 mm (FP ML COP) and a posterior
displacement of 28.09 mm (SP ML COP).

Re-examination post-therapy indicated spe-
cific changes associated with the intervention
(Table 1). The mean COP location in the frontal
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Table 1
Mean location of the COP in the frontal and sagittal planes before and after intervention (M * m)
Parameter FP ML COP (mm) SP ML COP (mm)
M+m M+m
Afier Open eyes 25.15+8.53 —7.03 +4.15
Closed eyes 28.92 +9.56 —5.58 £4.12
P >0.05 >0.05
Before Open eyes 27.22 +7.41 0.74 + 3.56
Closed eyes 28.09 +8.01 1.27+£2.94
P >0.05 >0.05
Open eyes >0.05 <0.05
t After/ Before Closed eyes >0.05 <0.05

plane remained largely unchanged (p > 0.05).
In contrast, statistically significant changes were
observed in the sagittal plane. A notable anterior
shift of the COP was observed in both the open-
eyed (7.77 mm) and closed-eyed (6.85 mm) trials
(p £0.05). These SP ML COP values approached
those of the reference, converging close to 0 mm.

The prevalence of MPS among patients pre-
senting with pain ranges from 30 to 93 % [21].
The pathogenesis is widely attributed to sustained
or repetitive low-level muscle contractions [4],
maximal and submaximal concentric contractions,
and prolonged tension in individual muscle groups,
often manifesting as delayed onset muscle so-
reness during periods of hypokinesia. The source
of pain is believed to reside in the region between
the motor endplate and the muscle fascicle, in-
volving disturbances in the microcirculatory bed
and neurotransmitters at the cellular level [7, 24].

Muscle spasm stimulates nociceptors within
the muscle itself. This spasm leads to local hyper-
emia, which further sensitizes muscle nociceptors
[9, 15]. The spasm itself becomes a source of ad-
ditional afferent impulses that increase the acti-
vity of anterior motor neurons, leading to a self-
sustaining cycle of pain and muscle spasm.

The results of this study demonstrate that
a single session of gravity therapy using the Cor-
dus&Sacrus devices reduced asymmetry in the
trapezius muscle tone. The initial, statistically
significant differences in oscillation frequency
and dynamic stiffness between the right and left
trapezius muscles were no longer present follow-
ing the intervention.

Following therapy, a reduction in muscle
tone asymmetry was observed between the right
and left medial and lateral gastrocnemius mus-
cles. Furthermore, in a subgroup of 10 patients
with initially elevated tone, mechanotherapy
promoted relaxation of the erector spinae muscle

(p > 0.05). In these same participants, a bilateral
decrease in erector spinae stiffness was also
noted (p > 0.05).

The normalization of postural balance in the
trapezius, medial gastrocnemius, and lateral ga-
strocnemius muscles coincided with the allevia-
tion of pain syndrome. Patients also reported
changes in their psychoemotional state and a sub-
jective feeling of lightness in the spine. These
outcomes support the use of this device within
a comprehensive approach for correcting muscu-
loskeletal disorders.

The Sacrus device acts directly on the lum-
bar spine by activating muscle proprioceptors to
induce relaxation, stabilizing the lumbar region,
alleviating pain in piriformis syndrome, and in-
fluencing lower-limb muscle function. By targe-
ting reflex zones, it relaxes the paravertebral
muscles, thereby improving impulse transmission
to internal organs and enhancing pelvic blood
circulation (Mogendovich’s theory of motor-
visceral reflexes).

The therapeutic effect is achieved through
acupressure spikes that engage tense muscles and
ligaments, facilitating gentle and physiological
relaxation. This leads to the relaxation and cor-
rection of key spinal segments, including the li-
gaments. Consequently, joint mobility is restored,
and blood circulation is improved.

The Sacrus Physio device utilizes slow-
frequency microcurrents to induce relaxation,
including in remote muscle groups. Study results
confirmed that a single application of the Sacrus
device influences the lower-limb muscles, partic-
ularly the gastrocnemius.

This systemic effect can be contextualized
by Tom Myers' theory of anatomy trains, which
proposes that the fascia forms a functionally inte-
grated network operating through defined myo-
fascial meridians [18]. The data support that the
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Sacrus device directly impacts the first myofas-
cial meridian, which is responsible for maintai-
ning vertical posture and reducing stiffness in
the neck, back, and calves. Thus, by applying
localized pressure to a specific spinal segment,
the device produces integrated effects on both
the skeletal muscle system and visceral organs.

The Cordus device was applied to the cer-
vical, thoracic, and lumbar regions of the spine.
This method facilitates targeted influence on the
paravertebral muscles and promotes spinal trac-
tion, yielding multiple positive outcomes such as
the alleviation of spinal compression [13]. The me-
chanism of the Cordus device can be compared to
Qigong exercise, as it simultaneously engages
visceral organs, the skeletal muscle system, and
an individual’s psychological state (a holistic ap-
proach). This is confirmed by the positive shifts
in patients' psychoemotional state observed im-
mediately after the procedure.

Analysis of the COP identified deviations in
both the frontal and sagittal planes prior to gra-
vity therapy. In patients with myofascial syn-
drome, the COP was displaced during open-eyed
trials. A similar displacement pattern was ob-
served under closed-eye conditions. This indi-
cates that visual deprivation does not signifi-
cantly alter the mean COP location, suggesting
that postural control in individuals with myofas-
cial syndrome is predominantly influenced by
the functional state of the muscles responsible
for maintaining vertical posture. These observed

changes can be interpreted as compensatory ad-
justments in the tone and length of the posterior
muscular chain, particularly the spinal muscles.
Therefore, the mean COP location in the frontal
plane appears dependent on symmetric tension of
the paravertebral muscles and scoliotic deforma-
tions, while its location in the sagittal plane is
linked to the tone and length of the paravertebral
muscles that modulate the spine’s natural curva-
tures.

Re-analysis of the COP data following gra-
vity therapy revealed specific changes. The mean
COP location in the frontal plane remained
largely unchanged (p > 0.05) in both visual con-
ditions. Conversely, the mean COP location in
the sagittal plane demonstrated statistically sig-
nificant changes.

Conclusions. The devices act on both mus-
cle proprioceptors and joint receptors. This action
alleviates tension in the erector spinae muscle,
inducing relaxation in the targeted spinal region.
Pain relief is typically achieved within one to three
sessions. The gravity therapy for the paraverte-
bral muscles reduces muscle stiffness and right-
left asymmetry while improving elasticity. When
combined with distraction mobilization exercises,
the therapy alleviates vertebrogenic and myofas-
cial pain syndromes, relaxes muscle spasms, en-
hances limb blood supply, and restores spinal joint
mobility. Consequently, gravity therapy, through
its effect on the paravertebral muscles, modulates
the mean COP location in the sagittal plane.
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