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Abstract: Objective: To assess the effects of silver needle thermal conduction therapy on spinal neurotransmitter 
activation and inflammation reduction in the myofascial trigger point musculature of a rat model with myofascial 
pain syndrome (MPS). Methods: The MPS rat model was induced by a combination of impact and exercise fatigue. 
MPS rats were then subjected to silver needle thermal conduction therapy for 14 days. Thermal and mechanical 
pain thresholds were assessed using the thermal hyperalgesia and mechanical hyperalgesia tests. Transverse and 
longitudinal sections of the right medial thigh muscle were prepared for histological analysis using HE staining. 
Western blot and immunohistochemistry were used to measure the expression of calcitonin gene-related peptide 
(CGRP), substance P (SP), and 5-hydroxytryptamine (5-HT) in the L4-6 segment of the spinal cord. Additionally, the 
levels of inflammatory cytokines, including interleukin 1-β (IL-1β) and tumor necrosis factor α (TNF-α), in the right 
medial femoral muscle were assessed via ELISA. Results: MPS rats exhibited a decreased thermal and mechani-
cal pain threshold compared to control rats. Muscle fiber atrophy and deformation were observed in the MPS rats. 
Levels of IL-1β and TNF-α were elevated in the right medial femoral muscle, while CGRP and SP expression were 
increased, and 5-HT expression was decreased in the spinal cord. Silver needle thermal conduction therapy effec-
tively reversed these pathological changes in the MPS rats. Conclusions: Silver needle thermal conduction therapy 
alleviated MPS in rats by modulating spinal neurotransmitter expression and reducing muscle inflammation.
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Introduction

Myofascial pain syndrome (MPS) is a common 
condition characterized by localized or referred 
pain, typically associated with musculoskeletal 
disorders [1]. It is defined by the presence of 
myofascial trigger points (MTrPs) - palpable, 
discrete, localized nodules within taut bands of 
skeletal muscle, which can cause pain when 
compressed [2]. Approximately 85% of the pop-
ulation experiences myofascial pain at least 
once in their lifetime [3]. The prevalence of 
MPS varies depending on clinical context, rang-
ing from 21% in general orthopedic patients to 
30% in general medical clinic patients, and up 
to 93% in specialized pain management cen-
ters [4]. MPS encompasses both acute and 
chronic pain and is often under-recognized as a 

significant cause of disability in clinical settings 
[5].

While the precise mechanisms underlying MPS 
and MTrPs remain incompletely understood, 
current theories suggest a link between periph-
eral nociception and central sensitization [6]. 
The primary objective of MPS treatment is  
to alleviate pain and restore function by target-
ing active MTrPs [7]. A variety of therapeutic 
approaches have been employed for MPS, 
including ischemic compression [8], therapeu-
tic ultrasound [9], muscle energy techniques 
[10], stretching [10], manipulation [11], acu-
puncture [12], dry needling [13], wet needling 
[14], and oral medications. Among these, dry 
needling has gained increasing popularity as a 
non-surgical treatment due to its straightfor-
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ward application and low risk profile [15]. 
Acupuncture targeting primary MTrPs has also 
proven to be effective, safe, and cost-efficient 
for managing myofascial pain [16].

Dry needling involves the insertion of fine nee-
dles into MTrPs within the skin and muscles to 
mechanically disrupt the affected tissues, with-
out the use of anesthetics [17]. This technique, 
which closely resembles traditional acupunc-
ture methods for treating “Ah shi” points, induc-
es localized muscle twitch responses akin to 
the “de qi” sensation in traditional Chinese 
medicine (TCM). Notably, studies have shown a 
significant correlation between MTrPs and acu-
puncture points [18]. However, the relationship 
between dry needling and acupuncture remains 
controversial. Many dry needling practitioners 
do not consider it a form of acupuncture, as it is 
based on Western neuroanatomy rather than 
the ancient theories of TCM [19].

Despite this controversy, silver needle thermal 
(SNT) conduction therapy - an approach within 
modern Chinese acupuncture-moxibustion - 
shares striking similarities with dry needling. 
SNT conduction therapy was developed by  
integrating the “large needle”, “warming nee-
dle”, and “long needle” concepts from the 
“Traditional Chinese pivot nine needles” sys-
tem, combining their advantages. Unlike tradi-
tional acupuncture needles, silver needles are 
made of 85% silver, with small amounts of cop-
per, chromium, and nickel. These needles are 
thicker and longer (approximately 1.1 mm in 
diameter) than standard acupuncture needles, 
offering increased flexibility and durability. The 
handles are typically 5 cm long, and the needle 
bodies come in five lengths: 6 cm, 8 cm, 10 cm, 
12 cm, and 15 cm, allowing for deeper penetra-
tion than traditional acupuncture needles.

Silver needle acupuncture was first developed 
by LU Yin-hua in the 1940s in Shanghai. In the 
1970s, Xuan Zhe-ren, an orthopedic expert, 
expanded this technique, particularly for severe 
lumbocrural lumbosacral pain, by transforming 
it into a thermal conduction therapy. Unlike tra-
ditional acupuncture, which targets acupoints 
along meridians, SNT conduction therapy in- 
volves inserting needles based on the distribu-
tion of tender points rather than specific acu-
points. After needle insertion, a 1.5 cm moxa-
ball is placed at the needle’s end and ignited  
to produce slow, sustained heat. This therapy, 

rooted in soft tissue surgical anatomy and the 
distribution patterns of tender points, has 
shown promising results in providing both im- 
mediate pain relief and long-term analgesic 
effects for MPS patients [20]. Interestingly, its 
long-term effectiveness in treating MPS seems 
to surpass that of dry needling. However, stud-
ies investigating SNT conduction therapy for 
MPS remain limited, and the underlying molec-
ular mechanisms are still unclear. Therefore, 
this study aims to assess the therapeutic 
effects of SNT conduction therapy in an animal 
model of MPS and explore its potential molecu-
lar mechanisms.

Materials and methods

Animals and ethical statement

Adult male Sprague-Dawley rats (weight: 300-
350 g; Guizhou Medical University Animal 
Center, Guiyang, China) were used in this stu- 
dy. The rats were individually housed in gal- 
vanized wire mesh cages under controlled  
environmental conditions (12-hour light/dark 
cycle, 21-25°C, 50-55% humidity). All rats were 
cared for according to the guidelines of the 
International Society of Animal Pain Studies to 
minimize pain and discomfort. Animal experi-
ments were approved by the Animal Care and 
Use Committee.

Experimental design

Healthy adult male Sprague-Dawley rats were 
randomly assigned to three groups (n=8 per 
group): the normal control (NC) group, the MPS 
model (MPS) group, and the SNT group. Rats in 
the NC group were maintained under the same 
environmental conditions as the other groups 
but without any experimental interventions. 
Chronic MPS was induced in the MPS group 
through a combination of impact and exercise 
fatigue. The SNT group rats received SNT thera-
py. All rats were housed under identical condi-
tions and euthanized simultaneously at the end 
of the study. After 14 days of SNT therapy, rats 
underwent thermal hyperalgesia and mechani-
cal hyperalgesia tests. Rats were euthanized 
via intraperitoneal injection of sodium pento-
barbital (150 mg/kg), and their spinal cords 
(L4-L6 segments) and right medial femoral 
muscles were collected and stored immediate-
ly at -80°C.
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Establishment of the chronic MPS model

The MPS model was established in two phases: 
an intervention period (8 weeks) and a recovery 
period (4 weeks). Prior to the experiment, rats 
were acclimatized to exercise on a multi-chan-
nel running treadmill (WI32812, Dongxiyi Te- 
chnology Co., Ltd., Beijing) for 3 days. During 
the intervention period, rats were anesthetized 
with an intraperitoneal injection of 30 mg/kg 
1% sodium pentobarbital (Sigma-Aldrich, USA). 
They were then positioned at the bottom of a 
striking device. A wooden striker with a kinetic 
energy of 2.352 J was dropped from a height of 
20 cm onto the right medial femoral muscle. On 
day 2, rats underwent centrifugal treadmill 
training with the treadmill set to a -16°C down-
hill running mode at a speed of 16 m/min. Both 
MPS and SNT groups participated in this train-
ing. During the recovery period, no interven-
tions were applied, and rats were allowed to 
engage in normal daily activities with regular 
feeding for four weeks. Thermal and mechani-
cal pain thresholds were measured to confirm 
the establishment of the MPS model.

SNT therapy

Rats in the SNT group were anesthetized with 
30 mg/kg 1% sodium pentobarbital via abdom-
inal injection. The biceps femoris muscle in the 
hindlimb was palpated to locate taut nodules, 
approximately 3-4 mm in diameter, which were 
targeted for treatment. After disinfection, a 10 
cm, 0.6 mm diameter silver needle was insert-

ed into the starting and ending points, as well 
as the tension zone of the right medial femoral 
muscle, until the needle tip reached the femo-
ral surface. The SNT conduction instrument 
was used to heat the needle to a temperature 
of 110°C. During the procedure, the highest 
skin temperature at the needle injection point 
was 34°C, and the heating duration was 15 
minutes. After needle removal, the puncture 
site was disinfected with 75% alcohol and cov-
ered with aseptic dressings. The rats were 
treated continuously for 14 days. The exact pro-
cedure for SNT therapy is illustrated in Figure 
1.

Thermal hyperalgesia test

The thermal hyperalgesia test was used to 
assess the paw withdrawal threshold. A hot 
plate was set to 52 ± 0.2°C, and rats were 
placed on the plate. The time taken for the rats 
to lift their posterior paw or begin licking it was 
recorded. The maximum observation time was 
45 seconds to prevent tissue damage. Each rat 
underwent the test three times, with at least a 
15-minute rest period between trials. The aver-
age paw withdrawal latency was calculated for 
each rat.

Mechanical hyperalgesia test

To evaluate the persistence of chronic pain, 
each rat was first placed in an individual plexi-
glass chamber (26 × 20 × 14 cm3) for a 20-min-
ute acclimation period before testing. After the 
thermal pain threshold assessment, a two-hour 
interval was observed to ensure the reliability 
of subsequent measurements. Mechanical 
hyperalgesia was assessed using calibrated 
von Frey filaments (Stoelting, Wood Dale, IL, 
USA). The paw withdrawal mechanical thresh-
old was recorded.

Hematoxylin and Eosin (HE) staining

Histological changes in the affected right medi-
al femoral muscle were evaluated using HE 
staining. Tissue samples were fixed in 4% para-
formaldehyde and embedded in paraffin for 12 
hours. Transverse and longitudinal sections (5 
μm) of the right medial thigh muscle were pre-
pared. The sections were dewaxed in xylene, 
rehydrated with decreasing concentrations of 
ethanol, and stained with HE staining solution 
(Solarbio, Beijing, China). Muscle fiber morphol-

Figure 1. The sketch map for the treatment method 
of silver needle thermal therapy.
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ogy and arrangement were examined under an 
optical microscope at 100× magnification. The 
transverse sectional area of muscle fibers in 
transverse sections and the length of muscle 
fibers in longitudinal sections were quantified 
using ImageJ software.

Western blot assay

Spinal cord tissues were lysed in RIPA buffer. 
Protein concentrations were determined using 
a bicinchoninic acid assay. Next, 20 μg of total 
protein were separated by 10% SDS-PAGE and 
transferred to a PVDF membrane. After block-
ing with 5% skim milk, membranes were incu-
bated overnight at 4°C with primary antibodies 
against calcitonin gene-related peptide (CGRP), 
SP, and 5-HT (1:500 dilution, Abcam, UK). The 
membranes were then incubated with specific 
secondary antibodies for 1 hour at room tem-
perature. Bands were detected using enhanc- 
ed chemiluminescence (ECL) reagents, and  
the intensity of the bands was quantified using 
ImageJ software. GAPDH was used as a loading 
control.

Immunohistochemistry assay

After dewaxing and rehydration, spinal cord tis-
sue sections were treated with sodium citrate 
solution (10 mM, pH 6.0) and heated in a mi- 
crowave. Endogenous peroxidase activity was 
blocked with 3% H2O2. The sections were incu-
bated overnight at 4°C with primary antibodies 
against CGRP, SP, and 5-HT (Abcam, UK), fol-
lowed by incubation with secondary antibodies 

for 1 hour at room temperature. The sections 
were then developed using a DAB kit (Beyotime, 
China), and tissue images were obtained using 
a light microscope.

Enzyme-linked immunosorbent assay (ELISA)

The levels of IL-1β and TNF-α in the right medial 
femoral muscle were measured using commer-
cial ELISA kits (Solarbio, Beijing, China), follow- 
ing the manufacturer’s instructions.

Statistical analysis

Data were analyzed using SPSS 18.0 software 
and are presented as the mean ± standard 
deviation (mean ± SD). One-way analysis of 
variance (ANOVA) was used to compare differ-
ences between groups, and Student’s t-test 
was used for pairwise comparisons. Statistical 
significance was set at P<0.05.

Results

Effect of SNT conduction therapy on thermal 
and mechanical hyperalgesia

The MPS rat model was established and subse-
quently treated with SNT conduction therapy. 
The treatment protocol for SNT therapy is 
shown in Figure 1. As shown in Figure 2A and 
2B, the paw withdrawal latency and mechanical 
threshold were significantly reduced in the MPS 
rats compared to the control rats, indicating 
successful establishment of the MPS model. 
However, in the SNT group, both the paw with-

Figure 2. The thermal and mechanical hyperalgesia of rats in each group. A. The paw withdrawal latency of rats in 
each group. B. The paw withdrawal mechanical threshold of rats in each group. N=8. Data are presented as mean 
± SD. **P<0.01, compared with the NC group. ##P<0.01, compared with the MPS group. NC, normal control; MPS, 
myofascial pain syndrome; SNT, silver needle thermal therapy.
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Figure 3. Hematoxylin and Eosin (HE) staining of the transverse and longitudinal sectional sections of right medial 
thigh muscle tissues in each group. A-C. The transverse sectional sections of right medial thigh muscle tissues in 
each group. D-F. The longitudinal sectional sections of right medial thigh muscle tissues in each group. G. Trans-
verse sectional area of muscle fibers in each group. H. The length of muscle fibers in longitudinal sections in each 
group. Data are presented as mean ± SD. **P<0.01, compared with the NC group. ##P<0.01, compared with the 
MPS group. NC, normal control; MPS, myofascial pain syndrome; SNT, silver needle thermal therapy.

drawal latency and mechanical threshold were 
significantly increased compared to the MPS 
group. 

Effect of SNT conduction therapy on patho-
morphological changes in muscles

In the NC group, both the transverse section 
(Figure 3A) and longitudinal section (Figure 3D) 
of muscle tissue exhibited a uniform and regu-
lar structure, with tightly arranged muscle cells 
and uniform intermuscular gaps. The muscle 
fibers were neatly and densely arranged. In the 
MPS group, the transverse section showed 

multiple circular or elliptical muscle fibers of 
varying sizes, indicating muscle fiber atrophy 
and deformation (Figure 3B). The longitudinal 
section revealed disordered muscle fiber arr- 
angement and atrophied myofilaments (Figure 
3E). In the SNT group, muscle fibers displayed 
mild atrophy and denaturation, but the struc-
tures appeared similar to those in the NC group 
(Figure 3C, 3F). We found that both the trans-
verse sectional area of muscle fibers (Figure 
3G) and muscle fiber length (Figure 3H) were 
reduced in the MPS group compared to the NC 
group. However, SNT treatment reversed these 
effects.
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Effect of SNT conduction therapy on IL-1β and 
TNF-α levels in muscles

The levels of IL-1β (Figure 4A) and TNF-α  
(Figure 4B) in the muscles of MPS rats were sig-
nificantly elevated compared to the NC group. 
However, SNT treatment reduced the levels of 
both IL-1β and TNF-α in the muscles of MPS 
rats. 

Effect of SNT conduction therapy on CGRP, SP, 
and 5-HT in the spinal cord

Western blot analysis revealed that the expres-
sion levels of CGRP (Figure 5A) and SP (Figure 
5B) were significantly increased, while the 5-HT 
level (Figure 5C) was decreased in the spinal 
cord of the MPS group compared to the NC 
group. However, SNT therapy reduced CGRP 
and SP expression and increased 5-HT ex- 
pression in the spinal cord of MPS rats. 
Immunohistochemical results also confirmed 
these findings (Figure 5D-F).

Discussion

MPS commonly manifests as soft tissue pain, 
but the exact pathogenesis remains unclear. 
Emerging evidence suggests that the central 
nervous system may play a role in the progres-
sion of MPS. Specifically, pain originating from 
MTrPs has been shown to induce central sen- 
sitization. Treatments targeting MTrPs have 
demonstrated efficacy in reducing central sen-
sitization [21]. SNT conduction therapy, a mod-
ern form of traditional medicine, has garnered 
attention as an effective treatment for MPS. 

This acupuncture-based therapy provides im- 
mediate pain relief and long-term analgesic 
effects. It has been shown to improve blood  
circulation, loosen muscle tissue, and reduce 
inflammation, thus offering promising thera-
peutic outcomes for soft tissue pain manage-
ment [22].

Inflammation and the increased release of 
pain-inducing substances are key factors in  
the exacerbation of MPS. Studies have report-
ed significantly elevated levels of inflammatory 
mediators, such as IL-1β and TNF-α, in the MTrP 
regions of MPS patients. Furthermore, pain 
severity in these patients correlates with the 
local concentrations of these substances. Both 
IL-1β and TNF-α are potent pro-inflammatory 
cytokines involved in immune responses, in- 
flammation, and tissue repair. TNF-α can direct-
ly affect primary afferent neurons, inducing 
hyperalgesia [23]. Exercise-induced muscle in- 
jury is associated with elevated TNF-α levels 
[24], while IL-1β has been shown to contribute 
to thermal hyperalgesia in rats [25]. Our study 
showed that the expression of IL-1β and TNF-α 
was significantly increased in the muscle tis-
sues of MPS rats. After treatment with SNT con-
duction therapy, the thermal pain threshold  
in these rats significantly improved. This was 
accompanied by a decrease in the expression 
of IL-1β and TNF-α in the muscle tissues of the 
SNT group. These results suggest that SNT con-
duction therapy may alleviate pain in MPS by 
reducing IL-1β and TNF-α expression.

CGRP is primarily found in C and Aδ sensory 
fibers, which are widely distributed throughout 

Figure 4. The expression of interleukin 1-β (IL-1β) and tumor necrosis factor α (TNF-α) in the muscles of the rats in 
each group. A. The expression of IL-1β in the muscles of the rats in each group was examined using an ELISA kit. B. 
The expression of TNF-α in the muscles of the rats in each group was examined using an ELISA kit. N=8. Data are 
presented as mean ± SD. **P<0.01, compared with the NC group. ##P<0.01, compared with the MPS group. NC, 
normal control; MPS, myofascial pain syndrome; SNT, silver needle thermal therapy. 
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the body and around blood vessels. These 
fibers have dual functions in both sensory (pain 
perception) and efferent (motor action) roles. 
While CGRP is known for its potent vasodilatory 
effects, its role in pain modulation remains 
controversial. Hyperalgesia, characterized by 
increased sensitivity to painful stimuli, can 
result from peripheral nerve sensitization 
(peripheral sensitization) or spinal cord dorsal 
horn sensitization (central sensitization). The 
role of CGRP in hyperalgesia remains debated, 
with varying results across studies. Although 
peripheral CGRP injections have shown modest 
effects, CGRP is believed to play a more signifi-
cant role in central nervous system pain path-
ways [26]. Intrathecal administration of CGRP 
has been shown to induce mechanical hyperal-
gesia, and electrophysiological studies have 
demonstrated sensitization of spinal dorsal 
horn neurons by CGRP [27]. In our study, MPS 
rats exhibited a significantly lower thermal pain 
threshold compared to the NC group, and CGRP 
content in the lumbar spinal cord was markedly 
higher. This suggests that elevated CGRP levels 

in the spinal cord may contribute to pain per-
ception. After SNT conduction therapy, rats in 
the SNT group exhibited a significantly higher 
thermal pain threshold than those in the MPS 
group. Additionally, CGRP expression in the spi-
nal cord was reduced in the SNT group, indicat-
ing that SNT conduction therapy may increase 
the pain threshold and alleviate pain by inhibit-
ing CGRP expression in the spinal cord. This 
mechanism may help explain the efficacy of sil-
ver needle thermal conduction therapy.

When peripheral inflammation or nociceptive 
signals are present, SP, the primary afferent 
neurotransmitter, is involved in transmitting 
nociceptive signals to the central nervous  
system. SP induces mast cell degranulation, 
releasing histamine and serotonin, and upregu-
lates proinflammatory cytokines (e.g., TNF-α, 
IL-6) as well as anti-inflammatory cytokines 
(e.g., IL-4, IL-10). These signaling molecules col-
lectively enhance excitatory synaptic transmis-
sion and suppress inhibitory synaptic transmis-
sion in the spinal cord [28]. Previous studies 

Figure 5. The expression of calcitonin gene-related peptide (CGRP), substance P (SP), and 5-hydroxytryptamine 
(5-HT) in the spinal cord of rats in each group. The protein expression of CGRP, SP, and 5-HT in the muscles of the 
rats in each group was examined using (A-C) Western blot analysis and (D-F) immunohistochemistry. N=8. Data are 
presented as mean ± SD. **P<0.01, compared with the NC group. ##P<0.01, compared with the MPS group. NC, 
normal control; MPS, myofascial pain syndrome; SNT, silver needle thermal therapy.
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have shown an association between SP and 
pain/inflammation near active MTrPs in the 
upper trapezius muscle [29]. In our study, we 
observed a significant increase in SP expres-
sion in the MPS group compared to the NC 
group, suggesting that the aseptic inflamma-
tion in the muscle fascia of MPS rats stimulates 
peripheral nociceptive receptors, leading to the 
release of SP, which is then transmitted to the 
spinal cord via the dorsal root ganglion, ulti-
mately causing pain. Interestingly, rats treated 
with SNT conduction therapy exhibited reduced 
SP expression in the spinal cord compared to 
the MPS group. This suggests that SNT may 
inhibit the afferent transmission of nociceptive 
signals, thereby exerting an analgesic effect.

5-HT is involved in pain modulation through 
both facilitatory and inhibitory descending 
pathways. Recent research suggests that the 
5-HT descending inhibitory system plays a criti-
cal role in pain regulation [30]. When nocicep-
tive receptors are stimulated, descending 5-HT 
neurons release 5-HT, which binds to corre-
sponding receptors to inhibit neuronal excitabil-
ity and prevent pain signal transmission to the 
spinal cord [31]. In rat models of spinal nerve 
ligation-induced pain, decreased 5-HT levels 
and impaired receptor function have been 
linked to dysfunction in the 5-HT inhibitory 
pathway, contributing to central sensitization 
and neuropathic pain [32]. Studies using intra-
muscular heating needles have shown that 
thermal stimulation at 43°C alleviates both 
mechanical and heat hyperalgesia in rats by 
activating 5-HT mechanisms and enhancing 
descending inhibition [33]. In this study, no sig-
nificant differences in 5-HT expression were 
observed between the MPS and NC groups. 
However, we found a significant increase in 
5-HT expression in the spinal cord of rats after 
two weeks of SNT conduction therapy. This sug-
gests that SNT may promote 5-HT release in 
the spinal cord through long-term stimulation of 
the descending inhibitory pathway, thereby pro-
ducing a lasting analgesic effect by reducing 
nociceptive signal transmission and central 
sensitization.

This study has broad potential applications. 
Preliminary experimental evidence supports 
the clinical use of this therapy, and future clini-
cal trials should be conducted to assess its  
efficacy and safety in human MPS patients. 

Additionally, given that MPS often coexists with 
other chronic pain conditions such as fibromy-
algia and chronic back pain, studying the effi-
cacy of silver needle therapy in these diseases 
may broaden its applicability. This study still 
has limitations. First, the small sample size of 
rats may limit the generalizability of our find-
ings. Second, the MPS model established 
through a combination of impact and exercise 
fatigue may not fully replicate the complex etiol-
ogy and progression of human MPS. Third, the 
precise mechanisms underlying the therapeu-
tic effects of SNT therapy remain unclear, and 
our research did not explore how heat conduc-
tion influences neurotransmitter and inflamma-
tory factor expression. Future research should 
address these limitations by expanding the 
sample size and investigating the molecular 
mechanisms involved in silver needle thermal 
therapy.

In conclusion, SNT conduction therapy has 
shown promising effects in managing MPS. We 
propose that it inhibits the expression of inflam-
matory factors in affected muscles, reducing 
peripheral sensitization. Additionally, it decre- 
ases the expression of CGRP and SP while 
increasing 5-HT expression in the spinal cord, 
contributing to a sustained analgesic effect 
through central descending inhibition. This the- 
rapy offers a potential therapeutic strategy for 
MPS management.
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