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Objective: To observe the effect of pressing intervention on the skeletal muscle repair of
myofascial trigger points (MTrPs) in rats and explore the mechanism of pressing intervention
on the deactivation of trigger points.

Methods: Thirty SPF rats were randomly divided into blank group, model group and press
group, with 10 rats in each group. The MTrPs models were established by blunt striking plus
eccentric exercise, and then evaluated. The press group was given a pressing intervention
with a self-made device for 14 days, and the rats in the other two groups were fed normally.
Soft tissue tension (STT) Dy, and pressure pain threshold (PPT) were measured before and
after intervention. The skeletal muscle tissue at MTrPs was extracted and assessed by
hematoxylin—eosin (HE) and Masson staining. The expression of collagen I, collagen III,
a- smooth muscle actin (a-SMA), myosin heavy chain (MHC) and fibronectin (FN) were
detected by Western Blotting. Enzyme linked immunosorbent assay (ELISA) was used to
evaluate the expression of substance P (SP), S-hydroxytryptamine (5-HT), cyclooxygenase 2
(COX-2) and prostaglandin E2 (PGE2).

Results: (1) Compared with the blank group, the PPT and D, reduced (P < 0.05) in the
model group; while compared with the model group, the PPT and D, increased (P < 0.05) in
the press group. (2) Compared with the blank group, the model group showed obvious
spontaneous potentials with higher amplitude and frequency, which were also much higher
than those of the press group (P < 0.05). (3) The HE and Masson staining results showed
evident fibrosis in the muscle tissue of the model group, with a larger area of collagen fibers
relative to that of the press group (P < 0.05). (4) The amount of collagen I, collagen III, FN,
o- SMA, SP, 5-HT, COX-2 and PGE2 increased and the content of MHC decreased (P <
0.05) in the model group, as compared to the blank group; while all the substances (P <
0.05), instead of MHC which increased (P < 0.05), in the press group were decreased as
compared to the model group.

Conclusion: Pressing intervention on the MTrPs in rats can alleviate chronic inflammation,
inhibit fibrosis, promote skeletal muscle repair and relieve pain.

Keywords: pressing, myofascial trigger points, skeletal muscle, chronic inflammation,

fibrosis

Introduction

Myofascial trigger points (MTrPs) are hyperirritable spots in skeletal muscle and
correlate to small hypersensitive nodules within taut bands on palpation. Clinically,
they are commonly associated with symptoms including tenderness, referred pain,

motor dysfunction and autonomic symptoms,' which are generally manifestations
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of myofascial pain syndrome (MPS). Due to the relatively
subjective diagnosis and lack of consensus, MPS is easy to
be confused with other diseases. In 2019, the International
Classification of Diseases 11 (ICD-11) formally introduced
the concept of chronic primary/secondary skeletal muscle
pain.? According to reported surveys, MTtPs present a
high detection rate in many common pain conditions and
are associated with a variety of diseases.”* Beside, the
related symptoms are readily recurrent and some of
them, such as pain, depressive states and insomnia,
would cause a serious decrease in the quality of learning,
life and work.’

According to the integrated hypothesis, the occurrence
of MTrPs is associated with a vicious cycle involving
abnormal motor endplate (neuromuscular junction), acetyl-
choline accumulation, impaired local circulation and energy
metabolism, as well as abnormal release of vasoactive
components and inflammatory factors.® Local trauma and
eccentric exercise are important predisposing factors.”®
During the repair of long-term damaged skeletal muscle,
the development of chronic inflammation would deposit
massive extracellular matrix (ECM) substances such as
collagen I, collagen III and fibronectin (FN), leading to
skeletal fibrosis, which would reduce skeletal muscle func-
tion, biomechanical properties and exercise capacity.’ In the
meantime, production of cyclooxygenase 2 (COX-2) and
prostaglandin E2 (PGE2) by monocytes and macrophages
would be largely increased, promoting the recruitment of
substance P (SP) derived from fine fiber endings into the
body fluid to stimulate mast cells and platelets, followed by
release of histamine and 5-hydroxytryptamine (5-HT) con-
tributing to activation of adjacent injurious receptors. All
the substances together participate in the generation of
inflammatory pain in the body.'

Clinically, MTrPs are generally managed by phy-
siotherapy interventions such as acupuncture, massage
and cupping, which could deactivate MTrPs thus to relieve
symptoms.'' Pressing is a type of manual therapy belong-
ing to the massage category, which is noninvasive, effec-
tive, cost-effective and has a safety profile. It can provide
persistent vertical pressure on MTrPs or specific regions
using hands or aids, which allows the taut band to relax.'?
There were multiple clinical studies reporting that pressing
on MTrPs could alleviate muscular pain, contributing to
increased function and range of movement.'*™'> Moreover,
pressing could be applied in combination with other thera-
pies to bring more favorable efficacy, for example, alle-
viate the sore feeling resulted from acupuncture on

MTrPs.'®!7 Despite the definite clinical efficacy of press-
ing treatment, its mechanism has not been clarified yet. In
our previous animal studies, we found that the muscle
fibers of the MTrPs in rats were broken accompanied by
a disordered A-belt, the blurred or even disappeared
M-line, and the twisted Z-line. With pressing intervention,
the muscle fibers tended to be much more organized and
integrated.'® As regards the underlying mechanism, we
hypothesize that pressing could alleviate chronic inflam-
mation and inhibit fibrosis, consequently promoting skele-
tal muscle repair and relieving pain.

Materials and Methods

Experimental Animals

Thirty male SD rats (SPF) weighing 250~280 g were
provided by Hunan Slack Jingda Experimental Animal
Co., Ltd (Animal license: SYXK 2019-0009). All animals
were housed in separate cages in the Experimental Animal
Center of Hunan University of Chinese Medicine, with
three animals per cage under an agreeable sterilized living
conditions (24-26°C; humidity: 50-70%; 12/12 light/
dark). Food and water were provided ad libitum. All rats
were randomly divided into blank, MTrPs model and press
groups, with 10 rats in each group. The experimental
procedure was approved by the experimental animal ethics
committee of Hunan University of Chinese Medicine. The
experimental process strictly complies with the Guidance
Opinions on Treating Experimental Animals well issued
by the Ministry of Science and Technology in 2006.

Main Reagents and Instruments

Respiratory anesthesia machine (Ruiward Life Technology
Co., Ltd, R500), Treadmill set (Zhejiang Jinhua Yusheng
Sports Co., Ltd, C100), Therapeutic pressing instrument
and blunt striker (self-made), Mechanical pressure pain
threshold meter (Tianjin Mingtong Century Technology
Co., Ltd, YT-10C), Soft tissue tension meter (Tianjin
Mingtong Century Technology Co., Ltd, JZL-II),
Electromyography (BIOPAC, MP150), Electrophoresis
system (Bio-Rad), Trans-Blot Turbo Transfer System
(Bio-Rad), Western developer (Tanon5200), Slicer
(Thermo Fisher, MH325), Embedding machine (KEDEE,
KD-BM 1I), Optical microscope (Motic, BA410E),
Isoflurane (Ruiward Life Technology Co., Ltd, R510-22),
4% paraformaldehyde (Biosharp), Anti-collagen I anti-
body (Proteintech, 14695-1-AP), Anti-collagen III anti-
body (Hunan AiFang Biology, AF10773), Anti-a-smooth
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muscle actin (a-SMA) antibody (Hunan AiFang Biology,
AF10987), Anti-myosin heavy chain (MHC) antibody
(Proteintech, 10799-1-AP), Anti-Fibronectin antibody
(Hunan AiFang Biology, AF10787), Anti-GAPDH anti-
body (Immunoway, YM3029), HRP-conjugated goat anti-
mouse IgG (Proteintech, SA00001-1), HRP-conjugated
goat anti-rabbit IgG (Proteintech, SA00001-2), Rat SP
ELISA Kit (Jiangsu Feiya Biology, FY3320-A), Rat 5-
HT ELISA Kit (Jiangsu Feiya Biology, FY3318-A), Rat
COX-2 ELISA Kit (Jiangsu Feiya Biology, FY8509-A),
Rat PGE2 ELISA Kit (Jiangsu Feiya Biology, FY2944-A),
hematoxylin—eosin (HE) staining kit (Absin, abs9217),
Masson trichrome staining solution (absin, abs9347).

Establishment of Rat MTrPs Model

Model establishment was conducted with the method of
blunt striking and eccentric exercise modified and verified
by Huang Qiangmin’s team.'® The specific operations are as
follows: (1) Adaptation period (1 week): Rats were given
adaptive feeding to reduce the stress response to the environ-
ment, and then placed on a treadmill set (a slope of 0°) to start
to train with a speed of 16 m/min, 15 min each time, once in
two days, three times in total. (2) Modeling period (8 weeks):
Blunt strikes were performed on day 1 of each week after the
rats anesthetized with isoflurane (induction with 4% isoflur-
ane) and immobilized at the base of the striking apparatus,
and the vastus medialis muscle was palpated and marked by
an experienced physician. The blunt weight-bearing bar of
the striking apparatus (total mass of 1200 g) was allowed to
fall freely from a height of 20 cm to strike the marked
location with a kinetic energy of 2.352 J. Eccentric exercise
was performed on day 2 after striking, with the treadmill set
at a slope of —16° and a speed of 16 m/min for 90 min. The
rats were driven with mechanical stimuli and sound during
the training to ensure the quality and quantity. For the
remaining 5 days, normal feeding was provided. (3)
Recovery period (4 weeks): The rats were fed normal diet
every day. (4) Model evaluation: At the end of the recovery
period, on palpation of the marked area by the aforemen-
tioned physician, the presence of a distinct taut band or
bulging nodule, and the presence of spontaneous potentials
(endplate noise or spikes) on electromyographic testing were
indicative of successful modelling of rats with MTrPs.

Intervention

Rats in the blank and MTrPs model groups were not
intervened while the rats in the press group were given
local pressing on MTrPs as below. The rats were

anesthetized with isoflurane (induction with 4% isoflurane
and maintenance with 2% isoflurane) and then fixed in the
supine position on a plank. The operative site (marked)
was locally cleaned and shaved to expose the taut band or
the area of nodules (the area near the middle of the muscle
is preferred). A self-made pressing device was used for the
pressing intervention according to the previous study.?’
The pressing parameters were set as follows according to
those set by the clinical massage practitioner: pressing
head diameter 0.8 cm, pressing force 0.7 kg, pressing
angle 90° (perpendicular to the skin), 10 times/min in
frequency; consecutive operations, pressing intervention
time 7.5 min/time, 1 time/2d, 7 times in total. The pressing
intervention was supervised by the practitioner to prevent
accidental events.

Index Assessment

Pressure Pain Threshold (PPT)

The measurement of PPT was completed by two experi-
menters. Briefly, the rats were fixed to keep at a supine
position by one experimenter, and then were held in a
quiet state with the head covered by a sleeve and the
hindquarters exposed. The muscle taut band or contracted
nodule at the modeling site was marked by palpation by
the other experimenter, and then pressed with the mechan-
ical pressure pain threshold meter (Tianjin Mingtong
Century Technology Co., Ltd, YT-10C). Corresponding
site was selected in rats of the blank group as control. As
the pressure increased, values were recorded when rat
lifted and pulled back of the paw or vocalized.?' Each
rat was tested three times with an interval of 10 min.
The average PPT was calculated.

Soft Tissue Tension Dg,

After the soft tissue tension meter (Tianjin Mingtong
Century Technology Co., Ltd, JZL-III) was connected,
debugged and calibrated, the rats were fixed with a rat
cuff. The hair of the left hind limb was shaved to find the
taut band or contracted nodule. The detection area was
pressed vertically, taking 3 s both for applying and remov-
ing the pressure. The force—displacement curve was auto-
matically generated. According to the instrument
instructions and our previous research results, the displa-
cement Dy, corresponding to 0.2 kg in the curve was
taken as the observation point to better reflect the tension
of rat muscle and soft tissue. Each rat was tested three
times with an interval of 10 min. The average Dy, was
calculated.
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Electromyogram (EMG)

Electromyography (BIOPAC, MP150) was applied. The
rats were anesthetized with isoflurane (induction with 4%
isoflurane and maintenance with 2% isoflurane) and fixed
on a plank, followed by hair removal of the left hind limb.
The muscle taut band or contracted nodule was determined
by palpation. The tail was fixed with the earth wire, and
the electrode was inserted into the taut band. If there is a
local convulsive response, the inserted site was marked
and the electrode was retained, with another electrode
inserted at 3—5 mm away from the side as the reference.
Resting-state EMG signal was recorded for 2 min. If there
is no obvious muscle taut zone or contracted nodule by
palpation in the blank group, the spontaneous potential
corresponding to the markers of other groups was
recorded.

Tissue Sample Collection

Once the final EMG test was finished, rats were executed
by air embolization, and the tissue samples were collected
from the left vastus medialis muscle taut band or area of
nodules marked. The samples were cut into approximately
1 cm® in a cryogenic environment and placed in pre-
chilled saline, washed three times and dried with filter
paper. The samples were then sub-packed and placed in
4% paraformaldehyde or stored in a —80°C refrigerator.

HE and Masson Staining

HE staining: Tissue samples taken out from 4% parafor-
maldehyde were processed by following steps: paraffin-
embedded, sliced, dewaxed to water by conventional
dehydration and embedding; stained in aqueous hematox-
ylin solution for 5 min, rinsed in running water; divided in
hydrochloric acid ethanol for 3 s, rinsed in running water
for 15 min; immersed in distilled water for 5 min; dehy-
drated in 70% and 90% alcohol for 10 min, respectively;
stained in alcohol eosin staining solution for 2 min; dehy-
drated with anhydrous alcohol, processed for transparency
by xylene and sealed with neutral gum.

Masson staining: Tissue samples taken out from 4%
paraformaldehyde were processed by following steps: par-
affin-embedded, sliced, dewaxed to water by conventional
dehydration and embedding; stained with Weigert iron
hematoxylin (Weigert iron hematoxylin A and B solution
mixed in equal proportions) for 5 min, washed with run-
ning water; treated with 1% hydrochloric alcohol, rinsed
with running water for a few minutes; stained with Li
Chunhong Acid Fuchsin Staining Solution for 5 min,

rinsed with running water; treated with phosphomolybdic
acid solution for about 5 min; counterstained with aniline
blue solution for 5 min, treated with 1% glacial acetic acid
for 1 min; dehydrated with 95% alcohol for several times,
followed by dehydration with anhydrous alcohol, transpar-
ency by xylene and sealing with neutral gum. Each slice
was observed by a light microscope and three random
fields were selected for analysis. The ratio of myofibril
area to collagen fiber area was calculated by Image-Pro
Plus 6.0 software.

Western Blotting for Collagen I, Collagen lll, a-SMA,
FN and MHC Test in MTrPs Tissue

The tissue samples were taken out from the —80°C refrig-
erator, fully cut it into small pieces, and then lysed. After
centrifugation, BCA kit was used for protein quantifica-
tion. According to the quantitative results, the protein
samples were boiled for 10 min with an appropriate
amount of buffer. The supernatant was electrophoresed,
and the proteins separated were transferred onto a bio-
chemical membrane. After blocked with 5% skimmed
milk at 4°C overnight, the membrane was incubated with
primary antibodies at room temperature for 1 h. Then, the
HRP-labeled secondary antibody was added at room tem-
perature for 1 h. PBST was applied to wash the membrane.
Subsequently, protein bands were developed and analyzed
by Image Pro Plus 6.0 software for band gray value. The
protein expression relative to GAPDH was determined
according to the ratio of the band gray value of tested
proteins to that of reference protein GAPDH.

ELISA Kit for COX-2, PGE2, SP and 5-HT in MTrPs
Tissue

All of the experimental operations were conducted under
the manufacturer’s instructions. Tissue samples taken out
from the —80°C refrigerator were prepared into tissue
homogenate. The samples were allowed to equilibrate at
room temperature, and then loaded to the testing plate with
standard and sample wells. Reagents were added accord-
ing to standard steps and the samples were incubated in a
37°C water bath. Optical density value of each well was
measured to obtain a standard linear regression curve and
calculated

the concentration of each sample was

accordingly.

Statistical Analysis

SPSS 21.0 for Windows software was used for all data
statistical analyses. For data conforming to a normal dis-
tribution, paired ¢ test was used for comparison between
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two groups while one-way ANOVA was adopted when
there were more than two groups. In the meantime, for
multiple comparisons, LSD or SNK-q method was applied
when the variance was homogeneous, otherwise, Dunnett
T3 method was used. For data that did not fit a normal
distribution, rank sum test and Kruskal-Wallis test were
respectively applied in comparisons between two groups
or among multiple groups. Multiple comparisons were also
performed in multiple groups. The difference was viewed
statistically significant when P < 0.05.

Results

General Conditions

Thirty SD rats were randomly divided into blank group,
model group and press group, with 10 rats in each group.
Following 8 weeks of blunt striking plus eccentric exercise
and 4 weeks of recovery, all of the rats in model and press
groups were evaluated and eligible, without deaths or
accidents such as skin contusions, infections, hemorrhages
or fractures.

Mechanical PPT and Soft Tissue Tension
Do

The test results of mechanical PPT are shown in Figure 1.
Before-intervention: the PPT of the model and the press
groups decreased as compared to that of the blank group (P
<0.05), while no significant difference was observed between
the model and the press groups (P > 0.05). Post-intervention:
compared with before-intervention, the PPT in the press
group increased (P < 0.05) but showed no significant

difference in the model group (P > 0.05); there was a sig-
nificant difference between the model and the press groups (P
<0.05). Comparison of PPT difference before and post inter-
vention: the difference of PPT before and post intervention in
the press group was higher than that in the blank and model
groups (P <0.05). There was no significant difference in PPT
difference between the blank and the model groups (P >
0.05). These results suggest that pressing intervention can
improve the mechanical PPT of MTtPs in rats.

The soft tissue tension test results are shown in Figure 2.
Before-intervention: compared with the blank group, Dy, in
the model group and the press group decreased (P < 0.05)
without significant difference between the two groups (P >
0.05). Post-intervention: compared with before-intervention,
the Dy , in the press group increased (P < 0.05) but showed no
difference in the model group (P > 0.05); there was a sig-
nificant difference between the model and the press groups (P
< 0.05). Comparison of Dy , difference before and post inter-
vention: the difference of Dy , before and post intervention in
the press group was higher than that in the blank and model
groups (P <0.05). There was no significant difference in D ,
difference between the blank group and the model group (P >
0.05). These results suggest that pressing intervention can
reduce the soft tissue tension in MTrPs of rats.

Electromyography

The EMG test results after intervention are shown in
Figure 3. It could be seen that only the environmental
background noise appeared in the blank group. The fre-
quency and amplitude of spontaneous potential in the
model and the press groups increased compared with the

40p=
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— 20 *
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» *
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10p=
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Blank group Model group Press group

1 Before-intervention EE Post-intervention

Hl Difference

Figure | PPT in each group (blank, model and press; n = 10 per group) determined by the mechanical tenderness threshold tester. *P< 0.05 versus blank group; #P< 0.05

versus model group; “P< 0.05 versus before-intervention.
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Figure 2 Dy, in each group (blank, model and press; n = 10 per group) determined by the soft tissue tension tester. *P < 0.05 versus blank group; *P < 0.05 versus model

group; “P < 0.05 versus before-intervention.
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Figure 3 Electromyography recordings of the three groups (blank, model and press; n=10 per group) determined by the MP|50 data acquisition systems. (A) Environmental
background noise appeared in the blank group. Spontaneous electrical activity was detected in the model group and press group.(B) Frequency and amplitude of
spontaneous potential in each group. *P < 0.05 versus blank group; “P < 0.05 versus model group.

blank group (P < 0.05), while those were increased much
significantly in the press group (P < 0.05), suggesting that
pressing intervention can reduce the amplitude and fre-
quency of spontaneous potential in MTrPs of rats.

HE and Masson Staining

The results are shown in Figure 4. HE staining: The nuclei
were presented in purple blue, and the cytoplasm and
extracellular matrix were in red. The myocytes in the

https:
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Figure 4 Microscopy images of cross-sections of muscle fibers with HE and Masson staining. (A) In the model group, enlarged, round, deeply stained myocytes could be
observed with small irregular ones around. The thick myointima and nuclear migration appeared with inflammatory cells, interstitial proliferation and large-area adhesions.
The integrity and continuity of skeletal muscle fibers were destroyed along with proliferated collagen fibers leading to widened cellular gap and a collagen fiber deposition
area presented in blue. In the press group, the cell morphology tended to be normal and the inflammatory cells disappeared while the blue area was reduced. (B) Collagen
fiber area (collagen fiber area/ total area) in each group (blank, model and press; n=6 per group). *P < 0.05 versus blank group; "P < 0.05 versus model group.

normal tissue displayed a regular polygonal morphology
arranged in order and unanimous size with multiple nuclei
located under the muscle membrane. In the model group,
enlarged, round, deeply stained myocytes could be
observed with small irregular ones around. The thick
myointima and nuclear migration appeared with inflam-
matory cells, interstitial proliferation and large-area adhe-
sions. However, the cell morphology tended to be normal
and the inflammatory cells disappeared in the press group.
Masson staining: The normal nuclei were in blue while the
skeletal muscle fibers and collagen fibers were in red and
blue respectively. In the blank group, the nuclei were
evenly distributed with a clear boundary, the muscle fibers
were in red and orderly arranged but the collagen fibers
were rare. In the model group, the integrity and continuity
of skeletal muscle fibers were destroyed along with

proliferated collagen fibers leading to widened cellular
gap and a collagen fiber deposition area presented in
blue. The area of collagen fibers was higher than that of
the normal group (P < 0.05). The muscle fibers in the press
group were orderly arranged with a uniform thickness and
tended to be normally structured, with the fibrosis area less
than that in the model group (P < 0.05). These results
suggest that pressing intervention can alleviate the chronic
inflammation and fibrosis in MTrPs of rats.

The Expression of Collagen |, Collagen lII,
FN, a-SMA and MHC

Compared with the blank group, the expression of col-
lagen I, collagen III, FN and o- SMA increased (P < 0.05)
while the expression of MHC decreased in the model
group (P < 0.05). However, the press group showed
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Figure 5 Collagen |, Collagen lll, FN, a-SMA and MHC expression in each group
(blank, model and press; n = 8 per group). *P < 0.05 versus blank group; *P < 0.05
versus model group.

decreased expression of collagen I, collagen 111, FN and a-
SMA (P < 0.05) while increased expression of MHC (P <
0.05) as compared to the model group (Figure 5).
Altogether, these results illustrate that pressing interven-
tion can reduce the soft tissue tension and extracellular
matrix content to enhance the repair ability of skeletal

muscle in MTrPs of rats.
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PGE2
Bl Model group

The Content of COX-2, PGE2, SPand 5-HT
Compared with the blank group, the content of COX-2,
PGE2, SP and 5-HT in the model group increased in both
the model (P < 0.05) and the press groups, while the SP
and 5-HT increase in the press group was not significant
(P > 0.05). Between the model and the press groups, the
content of all four substances decreased significantly in the
press group (P < 0.05) (Figure 6). To sum up, pressing
intervention can reduce the content of multiple inflamma-
tory factors in MTrPs of rats.

Discussion

Massage therapy has been widely used for internal, exter-
nal, gynecological and pediatric diseases in various
regions and countries all over the world. Pressing-based
techniques such as Chinese medicine pressing, Thai finger-
pressing and ischemic pressing are common in treatment
of various types of pain.?? There is evidence that pressing-
based techniques are safe and effective in relieving symp-
toms caused by MTrPs.?® The pressing-based deactivation
of MTrPs has now been a hot research spot in the field of
massage while it is still hard to clarify due to study
method. Generally, pressing on MTrPs suppresses pain at
two levels: peripheral and central. At the peripheral level,
analgesia by pressing is commonly accompanied by
increased local blood flow, improved metabolic environ-
ment, and enhanced local metabolism.>*** In addition,
local sympathetic remodeling happens in MTrPs, which
will cause sympathetic hyperinnervation and excessive
release of local acetylcholine, finally leading to a variety
of relevant symptoms.”® Additionally, pressing on MTrPs
can enhance the excitability of parasympathetic neurons

150 =
P *
g 100~
o0
2
=
o
§ 50
# #
0
SP 5-HT

El Press group

Figure 6 COX-2, PGE2, SP and 5-HT content in each group (blank, model and press; n = 8 per group). *P < 0.05 versus blank group; *P < 0.05 versus model group.
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while inhibiting the excitability of sympathetic nerves,
resulting in decrease of acetylcholine release at the motor
endplates, ultimately improving the symptoms.”’ At the
central level, current research believed that pressing on
MTrPs decreases subjective pain by affecting autonomic
nerves system activities via the prefrontal cortex.”®?
Certain advances have been achieved regarding the
mechanism of pressing on MTrPs, but limitations remain
exist. In this context, this study focused on the mechanism
at the peripheral level.

Predisposing factors of MTrPs mainly are various acute
and chronic injuries (eg, trauma, work-related repetitive
muscle injury, eccentric exercise, physical or psychologi-
cal disorders, and iatrogenic injuries). In basic animal
research, neostigmine injection and blunt striking plus
eccentric exercise are the two main strategies used for
establishing animal models of MTrPs.*® The latter is the
most popular way at present, as it conforms to the acute
and chronic injury etiology of MTrPs, and the model
correspondingly established shows more consistent histo-
morphological and electromyographic manifestations of
contracture nodules and intermittent spontaneous electrical
activity in MTrPs."””! In this context, this study estab-
lished rat models of MTrPs with this method. According to
a Delphi survey in 2018, it was concluded that at least
two of the three diagnostic criteria of “a taut band”, “a
hypersensitive spot” and “referred pain” should be met
combined with original pain of the patient in the diagnosis
of MTrPs. Besides, convulsive reaction and autonomic
symptoms could be used as secondary supporting evi-
dence. In the present study, PPT and Dy, were lower in
the model group than that of the blank group with frequent
spontaneous potentials. After given pressing intervention,
PPT and Dy, were elevated and spontaneous potentials
frequency and amplitude were reduced, suggesting that the
local soft tissue tension could be reduced by pressing
intervention.

According to the integrated hypothesis, the develop-
ment of MTrPs is associated with a vicious cycle involving
abnormal motor endplate (neuromuscular junction), acet-
ylcholine accumulation, impaired local circulation and
energy metabolism, as well as abnormal release of vasoac-
tive components and inflammatory factors.”> Following
the formation of MTrPs, the abnormal structure and func-
tion of motor endplate will produce spontaneous
potentials,** and the local acetylcholine accumulation
will promote the continuous increase of calcium ions in
muscle cells, while will cause contraction of sarcomeres

leading to formation of contracture nodules, compression
of blood vessels, local hypoxia, microcirculation and
energy metabolism disorders. In addition, a large amount
of inflammatory pain-causing substances will be released
to stimulate nerve endings leading to the generation of
pain. Hence, inflammatory substances are regarded as
important players in the occurrence and development of
MTrPs. In case of muscle injury, IL-6 and TNF-o will be
up-regulated to concomitantly induce expression of COX-
2, which promotes the production of PGE2 by monocytes
and macrophages leading to recruitment of SP derived
from fine fiber endings into the body fluid to stimulate
mast cells and platelets, followed by release of histamine
and 5-HT contributing to multiple complex networks of
inflammatory factors. All networks together sensitize per-
ipheral pain receptors to form hyperalgesia.’>~° Our
experimental data showed that the COX-2, PGE2, SP,
and 5-HT levels increased in model group and decreased
after pressing intervention. HE staining showed a great
deal of inflammatory cells in the model group, indicating
that there was a significant inflammatory response in the
MTrPs tissue, while pressing intervention could reduce the
expression of inflammatory factors significantly. In the
press group, there still existed a small number of sponta-
neous potentials. Additionally, HE staining revealed that
the muscular cells failed to restore to normal, and the
levels of COX-2 and PGE2 were higher than the control.
There might be two reasons: 1) PGE2 at a certain level
may promote skeletal muscle repair. It is reported
that intramuscular injection of PGE2 contributed to sig-
nificantly enhanced and accelerated repair of injured
muscle.’” COX-2 is an upstream molecule of PGE2 and
responsible for regulating myogenic signaling.*® 2) The
pressing intervention in this study failed to recover partial
inflammatory factors and injured muscle to normal, requir-
ing further research on the dose—effect relationship of
pressing.

Studies have shown that chronic inflammatory cell
infiltration promotes fibroblast proliferation, resulting in
extracellular matrix (ECM) deposition and tissue fibrosis,
which hinders tissue repair process.***° Collagen I, col-
lagen III and FN are important components of the ECM of
skeletal muscle. While in skeletal muscle tissue, other than
collagen I and collagen III, there still exists collagen IV
and collagen V. Among the collagens, collagen I and
collagen III are the most abundant and distributed on the
endomysium and myo-fascicular membrane. They are
mainly devoted to link and support myocytes and
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myofascial tissue, which is closely related to muscle bio-
mechanical properties.*' FN is another fiber-forming gly-
coprotein in the ECM that interacts with cell surface
receptors such as integrin, collagen and fibrin, and acts
as a bridge in matrix-tissue and cell-matrix interactions,
such as fiber network forming.** Myosin, composed of
heavy chain (MHC) and light chain, is the most abundant
contractile structure in muscle cells and the basic consti-
tuent protein of myofibril thick filaments. Changes in
MHC are closely related to the process of muscle regen-
eration rendering it as the muscle regeneration marker.*>**
Once skeletal muscle is damaged, inflammatory cells infil-
trate to clear necrotic tissue, inducing muscle satellite cell
proliferation and differentiation into myoblasts to repair
damaged muscle fibers. Fibroblasts are the major cells to
produce collagen and can form a fiber network with FN.
The damage at both ends of the attached fibers improves
the tensile strength and plays a positive role in the early
skeletal
Simultaneously, o-SMA, expressed by myofibroblasts,

healing process of injured muscle.*
can also play as the specific marker of myofibroblast
proliferation.*® When the acute injury gradually becomes
chronic, inflammatory cells continue to infiltrate and
secrete inflammatory cytokines, resulting in abnormally
increased TGF-f. Thus, a large number of myofibroblasts
will proliferate in damaged muscle tissue producing exces-
sive ECM, including collagen and FN. The overexpressed
FN further promotes matrix deposition, leading to muscle
fibrosis and inhibiting the regeneration of injured skeletal
muscle.*” Furthermore, muscle satellite cells differentiate
into myofibroblasts and further promote fibrosis.*®

In our present study, HE staining showed that there was
interstitial proliferation and a large area of adhesions in the
model group, while Masson staining confirmed MTrPs
muscle fibrosis, which could be reduced by pressing inter-
vention. Western blotting showed that collagen I, collagen
I, FN and a-SMA expression increased and MHC expres-
sion decreased in the model group, suggesting the prolifera-
tion of myofibroblasts, deposition of ECM and inhibition of
skeletal muscle repair. This confirms the previous experi-
mental results of other research teams from different per-
spectives: in the presence of MTrPs, there existed
inflammatory cell infiltration, tissue fibrosis associated
TGF-B1/Smad pathway up-regulation, and muscle satellite
cell activation while without myoblast differentiation.**>°
Additionally, we also found that collagen I, collagen III, FN
and o- SMA expression decreased while MHC increased by

pressing intervention, indicating that pressing intervention

on MTrPs could inhibit myofibroblasts proliferation, reduce
ECM deposition and promote skeletal muscle regeneration.

In conclusion, pressing intervention on MTrPs can
alleviate chronic inflammation, inhibit fibrosis and pro-
mote skeletal muscle repair. However, our study is pre-
liminary an in vivo animal experiment that lacks the
research into time gradient and dose—effect relationship.
In the future, further experiments need to be carried out to
comprehensively and systematically explore the specific
mechanism of pressing.
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